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Alternaria alternata (Fr.) Keissler, the casual agent of Alternaria fruit rot of Aonla, is an important
post harvest disease in Aonla fruits. The survey was carried out during 2007-08 at Vegetable
Market, Station Road and Horticulture Farm Shop, Anand Agricultural University, Anand and
found that the incidence of Penicillium rot was maximum (5.99 and 2.71%) at both the markets.
Hexaconazole, thiophanate methyl and hexaconazole (5%) + captan (70%) recorded cent per
cent inhibition of mycelial growth and sporulation at 1000 and 1500 ppm concentrations in
vitro. The severity of Alternaria rot was significantly lowest in fruits treated with hexaconazole
(5%) + captan(70%) at both the concentrations (1000 and 1500 ppm) (1.84 and 11.29% and
1.48 and 2.75%) followed by hexaconazole (1.88 and 13.51%) and (1.71 and 3.50%) and
thiophanate methyl (1.95 and 14.45) and (1.79 and 5.37) in pre-and post -inoculation treat-

ments after 4 and 7 days of inoculation, respectively.
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INTRODUCTION

The Aonla (Emblica officinalis Gaertn.) is an im-
portant arid fruit crop. In India, the area under aonla
cultivation is about 49,620 hectares in different
states like Utter Pradesh, Madhya Pradesh,
Guijarat, Andhra Pradesh, Tamil Nadu etc. with an
annual production of 1,50,500 tonnes (Singh,
2006). Alternaria alternata, the causal agent of Al-
ternaria fruit rot of aonla, is a post harvest disease
and about 15 to 20 per cent of aonla fruits har-
vested are lost before they reach to consumers
(Singh, 2006). Aonla fruits are highly perishable in
nature, therefore it is very difficult to store fruits for
longer period. Hence, an attempt has been done
to know aonla fruit rot incidence in the markets of
Anand and efficacy of market available fungicides
for the management of Alternaria fruit rot in vitro
and in vivo.

MATERIALS AND METHODS
Survey

Survey of fruit rots of aonla was conducted at Veg-
etable Market, Station Road and Horticultural Farm
Shop, Anand Agricultural University, Anand. To
study the incidence of fungal rots weekly survey
was carried out at both the locations from first week
of November to fourth week of January during
2007-2008. Five samples were selected randomly
each containing 100 fruits from both the locations
and were examined for the incidence of fungal rots
caused due to different pathogens. The per cent
fruit rot incidence was calculated by following stan-
dard formula

Number of infected fruits
Total number of fruits examined

Disease incidence (%)= 100




312

Fungicides
In vitro

Efficacy of 9 fungicides were screened in vitro by
following poisoned food technique method (Nene
and Thapliyal, 1979) against Alternaria fruit rot
pathogen at two different concentrations (1000 and
1500 ppm). Required quantity of the fungicides
during experiment was mixed thoroughly in steril-
ized 100 ml potato dextrose agar media. The poi-
soned medium (20 ml) was then poured in steril-
ized Petri plates and allowed it to solidify. The
plates were then inoculated with 5 mm diameter
disc of 7 days old culture of test pathogen by plac-
ing in the centre of the plate along with control.
Each treatment was repeated four times. Obser-
vations on the mycelial growth (mm), per cent
growth inhibition and sporulation of test fungi were
recorded after 7 days of incubation. The per cent
growth inhibition of pathogen in each treatment
was calculated by following formula (Asalmol et al.,
1990) and spore production by the method sug-
gested by Pandey and Vishwakarma (1998). Fol-
lowing the scale given in Table 1.

= x 100,

C

where | = Inhibition per cent,
C = Colony diameter (mm) in control plate, and
T = Colony diameter (mm) in treated plate

Table 1 : Scale used to record the number of spores of Alternaria

alternata

Particulars Conidia production  Sign indication
(No. of conidia /
microscopic field )

No spore production Nil

Poor spore production 1-7 +

Moderate spore production 8-25 +4

Good spore production 26-50 ++

Excellent spore production >50 -+

In vivo

The fungicides studied in vitro were tested at two
concentrations (1000 and 1500 ppm) by following
both pre- and post-inoculation methods.

Pre- inoculation

The fresh, healthy, matured, uniform size aonla
fruits of Gujarat Aonla-1 cultivar were surface ster-
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ilized by dipping in 0.1 per cent HgCl2 solution for
one minute followed by three washings with steril-
ized distilled water and inoculated separately by
the pin prick method. The fruits were first dipped
in the fungicidal solution for 5 minutes, air dried
and then inoculated with fruit rot pathogen (10°
spores/ml). The interval between fungicidal treat-
ment and inoculation was 12 h. The severity of fruit
rots was recorded on 4th and 7th day of inocula-
tion. :

Post- inoculation

The procedure detailed in pre-inoculation was
same except that the fruits were first inoculated
with test pathogen and then treated with fungicides.

RESULTS AND.DISCUSSION

The weekly survey was carried out from first week
of November to fourth week of January, 2007-08
and found the incidence of Penicillium,
Colletotrichum, Alternaria, Phomopsis, Aspergil-
lus rot, internal necrosis (boron deficiency) and
other fruit rots (Phoma and Cladosporium) at Veg-
etable Market, Station Road and Horticulture Farm
Shop, A.A.U., Anand.

Vegetable Market, Station Road, Anand, incidence
of rot caused by Penicillium was pre dominant (5.99
%) followed by Aspergillus (3.34%) and
Colletotrichum rots (3.18%). The incidence of Al-
ternaria, Phomopsis, Internal necrosis and other
fruit rots were 2.68, 1.95, 1.11 and 2.23 per cent,
respectively. The highest incidence of Penicillium
rot (12.6%) was recorded in 4" week of Decem-
ber followed by Aspergillus (7.5%), Colletotrichum
(6.2%), Alternaria (5.3%) and Phomopsis rots
(4.0%) (Table 2).

Horticulture Farm Shop, A.A.U., Anand recorded
maximum incidence of Penicillium rot (2.71%) fol-
lowed by Aspergillus (2.36%) and Colletotrichum
(2.23%) during 2007-2008. The incidence of Al-
ternaria, Phomopsis, Internal necrosis and other
fruit rots were 1.78, 1.39, 0.86 and 0.66 per cent,
respectively. The similar trend of observations
which was recorded at Vegetable Market, pertain-
ing to incidence of various rots was observed at
Horticulture Farm Shop, in third week of January,
i.e. Penicillium (5.2%), Colletotrichum (4.5%), As-
pergillus (4.2%), Alternaria (3.5%), Phomopsis
(2.6%), Internal necrosis (2.4%) and other fruit rots
(1.8%) (Table 3).
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Table 2 : Incidence of fruit rots at Vegetable Market, Station Road, Anand

Average Per cent Disease Incidence

g November December January Mean
Fruit Rot E
| 1l 1] v | Il I v | ] 1} v
week week week week week week week week week week week week
Penicillium rot 1.2 1.4 1T 2.0 3.2 4.4 8.6 126 10.8 10 8.8 7.2 5.99
Colletotrichum rot 0.9 1.2 1.4 1.8 2.3 4.2 54 6.2 5.0 4.2 3.0 2.6 3.18
Alternaria rot 0.8 1.2 1.3 1.6 2.5 3.2 5:1 5.3 3 2.8 25 2.8 2.68
Phomopsis rot 0.3 0.5 0.8 1.2 1.6 22 3.9 4.0 2.8 2.5 2.0 1.6 1.95
Aspergillus rot 0.8 1.4 1.5 2.0 29 4.0 6.8 7.5 52 3.0 28 22 3.34
Internal necrosis 0.0 0.2 0.2 0.4 1.0 0.8 1.6 2.0 25 219 15 1.2 111
Other fruit rot 0.0 0.4 0.5 1.0 1.8 3.0 3.9 5.8 4.0 3.1 1.8 1.4 2:23
Weekly Av. 057 090 157 142 218 3.01 5.42 6.20 475 392 320 271

Incidence (%)

Table 3 : Incidence of aonla fruit rot at Horticulture Farm Shop, AAU, Anand

Average Per cent Disease Incidence

Fruit Rot November December January Mean
| Il 1] v | Il ] v | 1l 1 W

. week week week week week week Week week week week week week
Penicillium rot 0.8 1.0 1.1 0.9 5 17 29 37 42 48 52 47 2.7
Colletotrichumrot 0.6 0.8 08 1.0 1.2- 345 23 29 32 37 45 42 2.23
Alternaria rot 02 06 08 11 09 1.2 1.8 22 3 32 35 28 1.78
Phomopsis rot 01 04 06 0.9 1.1 1.2 1.4 1.8 22 24 26 2 1.39
Aspergillus rot 0.6 0.0 1.0 15 1.8 22 25 32 35 38 42 32 2.36
Internal necrosis 00 00 00 O.1 02 03 05 1.2 1.8 20 24 18 0.86
Other fruit rot 0.0 0.0 0.0 0.0 0.1 0.3 0.2 1.0 14 12 18 19 0.66
Weekly Av. 0.32 051 061 078 097 120 165 228 275 3.14 3.45 294

Incidence (%)

Table 4 : Bio-efficacy of fungicides against Alternaria alternate in vitro

léungicides 1000 ppm 1500 ppm
Common Name Mycelial PGl (%) Sporulation  Mycelial growth PGl (%) Sporulation
growth (mm)
(mm)
Thiophanate methyl 0.00 100.0 - 0.00 100.0 -
Hexaconazole 0.00 100.0 - 0.00 100.0 -
Hexaconazole (5%) +captan (70%) 0.00 100.0 - 0.00 100.0 -
Cymoxanil(8%) + mancozeb (64%) 22.75 68.51 - 20.37 72.37 -
Metalaxyl (8%) +mancozeb (64%) 44.25 38.75 - 40.50 45.08 -
Mancozeb 14.75 79.58 - 13.50 81.69 -
Propineb 22.87 68.34 = 2165 70.64 -
Carbendazim (12%) +mancozeb (63%) 23.50 67.47 - 21.75 70.50
Carbendazim 16.25 77.50 - 14.87 79.83 -
Cortrol 72.25 0.00 +t 73.75 0.00 b
SEm. x 1.26 1.04
C.D. at5% 3.66 3.00
CV. % 11.711 10.10
Fungicides 1500 ppm) along with control were screened
In vitro against the mycelial growth and sporulation of A.

_ alternata in vitro following standard poisoned food
Nine fungicides at two concentrations (1000 and technique (Nene and Thapliyal, 1979). The obser-
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Table 5 : Bio-efficacy of fungicides on the severity of Alternaria fruit rot aonla

Pre inoculation Post inoculation

Fungicides 1000 ppm 1500 ppm 1000 ppm 1500 ppm
h
fGormat Nama a"pay 7Mpay~ 4" pay 7" pay 4"pay 7Mpay 4Mpay 7Mpay
Thiophanate methyl L.te wpe 1:79 5.37 6.75 9.87 3.25 5.50
iophanate me 2 A A = 2
P " 387 (6.25 (3.25)
1.88 13.51 1.71
Hexaconazole 3.50 5.75 7.87 375 4.00
(3.62) (5.50) (3.00) -
Hexaconazole (5%) + captan (70%) o 129 148 2.75 4 25; 6.00 2.87 3.62
U @350 (387) (225 © ' ' ' :
399  27.76 3.51
Cymoxanil (8%) + mancozeb (64% - 15.00 17.75 18.50 13.256 16.87
Yo {%%) i (16.25) (21.75)  (12.37)
Metalaxyl (8%) + Mancozeb (64%) s s s 17.50 18.25 20.50 1400 1850
R " (17.50)  (18.50)  (13.32) ’ ) ‘ ' '
3.09 22.14 2.58
Mancozeb 8.37 10.62 12.37 7.62 9.12
(9.62)  (14.25) (6.75) .
_ 353 29.74 3.09
Propineb 9.62 14.25 15.50 8.87 10.50
(12.50)  (25.00) (9.62)
3.25 22.97 1.73
Carbendazim (12%) + mancozeb (63%) 4.75 11.87 12.25 9.12 9.00
(10.62) (15.25)  (3.12)
3.38 23.31 2.81
Carbendazim 9.75 12.25 14.75 1050  11.75
(11.50)  (15.75) (8.00)
Control e 40.08 426 39.00 25.75 42.25 2050  40.75
. (23.25) (41.50)  (18.25) : ' ' : '
SEm. 0.15 1.10 0.12 0.78 0.86 1.07 0.68 0.71
C.D. at5% 0.45 3.19 0.36 2.26 2.48 3.10 1.98 2.06
CV % 9.86 9.60 9.47 13.50 13.45 1464  11.01

13.57

*Figures in the parenthesis are retransformed values, those outside are square root transformed values.
**Figures in the parenthesis are retransformed values, those outside are arc sine transformed values.

vations on the mycelial growth, per cent growth
inhibition (PGI) and sporulation were recorded af-
ter 7 days of incubation.(Table 4)

All the fungicides screened were found significantly
superior in inhibiting the mycelial growth and sporu-
lation of A. alternata over control. Thiophanate
methyl, hexaconazole and hexaconazole (5%) +
captan (70%) at both the concentrations recorded
cent per cent inhibition of mycelial growth and
proved significantly superior over the rest of the
fungicides. The next best treatment in order of merit
was mancozeb (14.75 and 13.50 mm) followed by
carbendazim (16.25 and 14.87 mm) with 79.58 and
81.69 and 77.50 and 79.83 per cent growth inhibi-
tion at 1000 and 1500 ppm concentrations, respec-
tively. Carbendazim (12%) + mancozeb (63%)
(23.50 and 21.75 mm) (67.47 and 70.50 PGl),
cymoxanil (8%) + mancozeb (64%) (22.75 and
20.37 mm) (68.51 and 72.37 PGI) and propineb

(22.87 and 21.65 mm) (68.34 and 70.64 PGl)
showed moderate growth inhibition while metalaxyl
(8%) + mancozeb (64%) (44.25 and 40.50 mm)
(38.75 and 45.08 PGl) found least effective in re-
stricting the mycelial growth and per cent growth
inhibition of the A. alternata at 1000 and 1500 ppm
concentrations, respectively (Table 4).

In vivo

All the fungicides screened were found significantly
superior in reducing the Alternaria fruit rot severity
over control at 4th and 7th days after inoculation
both in pre and post- inoculation treatments at 1000
and 1500 ppm concentrations.

Pre-inoculation

The results revealed that on 4th day of inocula-
tion, significantly lowest disease severity was re-
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corded in hexaconazole (5%) + captan (70%) (1.84
and 1.48%) but it was at par with hexaconazole
(1.88 and 1.71%) and thiophanate methyl (1.95
and 1.79%) followed by mancozeb (3.09 and
2.58%), carbendazim (12%) + mancozeb (63%)
(3.25 and 1.73%) and carbendazim (3.38 and
2.81%) at 1000 and 1500 ppm concentrations, re-
spectively. Where as metalaxyl (8%) + mancozeb
(64%) at both the concentrations (1000 and 1500
ppm) was found to be least effective in controlling
the rot (4.17 and 3.68%) (Table 5).

A similar trend of result was observed on 7th day
of inoculation. Hexaconazole (5%) + captan (70%)
(11.29 and 2.75%) was found most effective in
controlling the rot and it was at par with
hexaconazole (13.51 and 3.50%) and thiophanate
methyl (14.45 and 5.37%) followed by mancozeb
(22.14 and 8.37%), while metalaxyl (8%) +
mancozeb (64%) at 1000 and 1500 ppm was found
to be least effective (27.76 and 15.00%) in con-
trolling the rot (Table 5).

Post-inoculation

Significantly lowest Alternaria rot severity at 4th day
was recorded in fruits treated with hexaconazole
(5%) + captan (70%) (4.25 and 2.87%) but it was
at par with hexaconazole (5.75 and 3.75%). The
next best treatment in reducing fruit rot was
thiophanate methyl (6.75 and 3.25%) followed by
mancozeb (10.62 and 7.62%) at both the concen-
trations. Metalaxyl (8%) + mancozeb (64%) (18.25
and 14.00%) proved least effective in controlling
Alternaria fruit rot.

On 7th day of inoculation, trend similar to that ob-
served at 4th day. Higher dose of compound fun-

gicides i.e. hexaconazole (5%) + captan (70%)
(1500 ppm) found better for reducing the Alterna-
ria rot severity as compared to lower doses (1000
ppm) in pre and post- inoculation. The pre—inocu-
lation treatment was found better in controlling the
fruit rot than post- inoculation treatments at both
the concentrations (Table 5).

The results similar to the present findings have been
reported by Kumar et al. (2005) showing complete
inhibition of mycelial growth and conidial germina-
tion of A. alternata infecting leaf spot of apple by
hexaconazole (0.05%), difenconazole (0.02%) and
iprodione (0.15%) and Vadivel and Ebenezar
(2006) reported that hexaconazole at 50, 100, 200,
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500 and 1000 ppm gave complete inhibition of
mycelial growth of A. alternata causing tomato
blight. Tridemorph, propiconazole, hexaconazole
and difenconazole (50, 100, 250 and 500 ppm)
and thiram and mancozeb (500, 1000, 1500 and
2000 ppm) found most effective against Alternaria
blight of sesame (Akbari and Parakhia, 2007).

The findings of in vivo,management are quite
confirmative with the results obtained by Singh and
Sharma (1986) indicating that thiophanate methyl
(1000 ppm) was most effective in managing Alter-
naria fruit rot of tomato, where as Navale et al.
(1998) reported that mancozeb (0.3%) effective in
controlling fruit spot of pomegranate caused by A.
alternata. Further Kumar et al. (2005) noted
chlorothalonil, carbendazim and penconazole at
1000 ppm found effective in controlling fruit rot of
ber (Alternaria alternata). The Alternaria rot sever-
ity in tomato was significantly lowest in fruits treated
with carbendazim (12%) + mancozeb (63%) at
1000 ppm concentration both in pre and post in-
oculation treatments. Pre- inoculation treatment
found better in controlling the rot than post —in-
oculation treatments (Panchal, 2008).

It is clear from weekly survey that incidence of rot
caused by Penicillium is more followed by Aspergil-
lus and Colletotrichum at both the markets and
hexaconazole (5%) + captan (70%), hexaconazole
and thiophanate methyl at both the concentrations
(1000 and 1500 ppm) were effective for the man-
agement of Alternaria fruit rot in vitro and in vivo.
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