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ABSTRACT In vitro testing of four non-systemic chemicals and six systemic chemicals against the fungus revealed that

Propineb @ 0.1% among the non-systemic chemicals and Propiconazole @ 0.05% among the systemic chemicals
were the best resulting in cent per cent and 96.91% growth inhibition of Alternaria solani, respectively. 0.3% concentration of non-systemic
chemicals and 0.15% of systemic chemicals showed the highest growth inhibition (87.50% and 75.61%, respectively) of the fungus. As regards
to the interaction effect between the tested chemicals and their concentrations, it was found that Mancozeb @ 0.3% was statistically at par
with Copper oxychloride @ 0.2% and Difenoconazole @ 0.15% was statistically at par with Propiconazole @ 0.05%. These results will be
helpful for the selection and rotation of the studied modern chemicals according to their potential lower concentration to reduce the environ-

mental hazards and fungal resistance of the early blight fungus.

INTRODUCTION

Alternaria solani can cause diseases on leaf (leaf blight), stem
(stem collar rot) as well as on fruit ( fruit lesion) of tomato plant.
Characteristic symptom of the Alternaria early blight is the con-
centric rings which looks like bull’s eye (Akhtar et al., 2004). Se-
vere infection of this fungus leads to great reduction of the fruit
yield in both quantitative and qualitative way.

Several previous reports suggested that Mancozeb, Carbenda-
zim and Copper oxychloride are the best chemicals against Al-
ternaria disease of tomato (Kumar et al. 2012; Sudarshana et al.
2012; Saha et al. 2013). Although spraying of these broad spec-
trum fungicides has been recommended for the control of ear-
ly blight of tomato, while the numbers of applications of these
chemicals are more, they are less persistent on foliage (Thind
and Jyothi, 1982). Thus, the control achieved by these chemicals
is inadequate. One of the reasons attributed to the low sensi-
tivity of Alternaria solani to fungicides mentioned above is the
production of dark brown to black pigment called melanin by
the fungus, which enhanced its survival and competitive abili-
ties, under certain environmental conditions (Bell and Wheeler,
1986). One another reason is the pathogen resistance. The best
ways to prevent resistance are the use of new generation chemi-
cals with new mode of action, use of multi-site active chemicals
and minimize the concentration and number of application in a
crop season (Staub, 1991; Brent and Hollomon, 2007).

In present day, triazoles are the largest class of fungicides for the
reason of highly efficient broad spectrum products, resistance
over time as a slow shift and decreasing pathogen sensitivity to
their mode of action (Morton and Stub, 2008). The second larg-
est class is the strobilurins which is the Quinone outside In-
hibitors. Although dithiocarbamate group of fungicide is not the
newer like previous two, but Propineb is the newer one within
the group. In present days, the other commonly used group of
fungicides are dithiocarbamate, benzimidazole, antifungal an-
tibiotic, copper compound, phthalonitrile etc. for controlling
severe diseases of different vegetable crops. Therefore, in the
present study it is thought worthwhile to test the comparative
efficacy of modern and more promising chemicals against the
early blight fungus with the present day used chemicals. This
fungicide research is also focused on the comparative efficacy of
three different concentrations of the same systemic or non-sys-
temic chemicals and their interaction effects.

MATERIALS AND METHODS
Preparation of medium: Potato dextrose agar (PDA) medium

was selected for the culture of A. solani, as the fungus grows
well in this solid semi-synthetic medium (Koley & Mahapatra,
2015). The medium contains 200 g peeled and sliced potato, 20 g
dextrose and 20 g agar for llitre preparation.

Collection of leaf samples, isolation, purification and multi-
plication of the pathogen: Tomato plants showing the distinct
early leaf blight symptoms were collected from the research field
of Central Agricultural Farm, O.U.A.T., Bhubaneswar. Ten such
affected leaves were kept overnight in moist chamber for sporula-
tion. Affected portions of the leaves were teased and examined
under microscope which revealed the presence of characteristic
mycelia, conidiophores and conidia of the fungus, 4. solani (Ellis
and Martin) Jones and Grout.

The part of leaves, showing typical symptoms of disease, were
washed in running tap water. Affected portion of the leaf cut into
small bits (2-3 mm) consisting of diseased as well as apparently
healthy tissues of the leaf. These bits were surface sterilized with
1: 1000 (0.1%) mercuric chloride solution for 1 minute and then
rinsed thoroughly with sterile water for 3-4 times to remove the
last traces of mercuric chloride solution.

Finally with the help of a sterilized inoculating needle, the sur-
face sterilized, diseased plant materials were transferred aseptical-
ly to the center of the sterilized PDA plates and were incubated
at 27 + 1°C for three days to obtain growth of the fungus. The
small bit of fungal growth was transferred to PDA slants. The
pure culture of the fungus was obtained by selecting “hyphal tip”
from the periphery of actively growing colony for making the
fresh culture under aseptic conditions. Sub-culturing of the pure
fungus culture was necessary after every 14 days.

Table 1: Particulars of the fungicide used

Common |Trade

Chemical name
Name Name

Non-Systemic Fungicides (Dose- 0.10%, 0.20% and 0.30%)

Sh}:all(:)rr(l)i-l I;?‘;! %\(]:II;I Tetrachloro isophthalonitrile

Copper |[NAGCO-

oxychlo- |PER 50% |Copper oxychloride

ride wp

lz\/éinco- %‘gl \_/315, Manganese ethylene bisdithiocarbamate
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ANTRA- A T
Propineb |COL 70% l:;)gr:ril;fezmc 1,2- propylenebis-dithio-
WP
Systemic Fungicides (Dose- 0.05%, 0.10%, 0.15%)
g:;?;]n_ ]53(4;\;011 a;lgN Methyl benzimidazol-2-ylcarbamate
Propicon-|TILT 25% |1-[ [2-(2,4-dichlorophenyl)-4-propyl-1,3-
azole EC dioxolan-2-yl]methyl]-1,2,4-triazole
ghil;anate ROKO 70% |Dimethyl [(1,2-phenylene) bis-
P WP (iminocarbonothioyl) biscarbamate
methyl
: Methyl (2E)-2-(2-{[6-(2-cyanophenoxy)
Azox- | AMISTAR pyrimidin-4-ylJoxy}phenyl)-3-methoxy-
ystrobin [23% EC acrylate
. 1-[2-[4-(4-chlorophenoxy)-
Ic)(;ff:z(:)_le gg(;) IE]E:: 2-chlorophenyl]-4-methyl-1,3-dioxolan-
¢ 2-ylmethyl]-1H-1,2,4-triazole
Ei]sclilﬁa_ IS<Ii1 su-B 3% Kasugamycin hydrochloride

Poisoned food technique: In order to determine the efficacy of
different chemicals in inhibiting the mycelial growth of Alfer-
naria solani causing early blight of tomato during the period of
investigation, poisoned food technique was followed. The effi-
cacy of chemicals on the growth of the test fungus was studied at
three different doses. The doses for the systemic chemicals were
0.05%, 0.10% and 0.15% whereas the same for the non-systemic
chemicals were 0.10%, 0.20% and 0.30%. The chemicals used
in the present investigation for management of the test pathogen
along with their formulation and doses are described in Table 1.
During the study, required quantity of individual fungicide was
added separately into molten and sparingly cooled potato dex-
trose agar so as to get the desired concentration of fungicides in
the medium. Later 20 ml of the poisoned medium was poured
into sterile Petri dishes under aseptic conditions inside an inocu-
lation chamber. Medium without any fungicide served as control.
Each Petri plate was inoculated at the centre with a mycelia disc
of Smm diameter taken from the periphery of five-day old colony
of the test fungus with the help of sterilized cork borer and rep-
licated thrice. The Petri plates were incubated at 27+1° C for 10
days.

Fungus growth inhibition measurement technique: The colony
diameter was measured in each case, in two planes at right angles
to each other on the 10" day of inoculation. Inhibition of mycelia
growth was calculated by using Vincent formula (Vincent, 1947)
as follows: Mean % inhibition= *:"x 100 (Where, C= Colony
diameter in control, T= Colony diameter in treatment)

Statistical analysis: The experiments are performed under con-
trolled in vitro condition and the experimental data are statistical-
ly analyzed by the factorial completely randomized block design
(factorial CRD).

RESULTS

Effect of non-systemic chemicals: Among the non-systemic
chemicals tested (Table 2) against A. solani, Propineb was the
best showing cent percent growth inhibition of the fungus, fol-
lowed by Copper oxychloride, Chlorothalonil and Mancozeb
(showing growth inhibition of 78.02%, 64.56% and 62.22%, re-
spectively). As regards the concentrations of these non-systemic
fungicides, it was found that 0.3% concentration resulted in
significantly the highest growth inhibition (87.50%) of the test
fungus. Among other treatments, it was found that Mancozeb
@ 0.3% showing 77.03% growth inhibition of the test fungus,
was statistically at par with that by Copper oxychloride @ 0.2%
(80.73%). Similarly Mancozeb (0.2%), Copper oxychloride (0.1%)
and Chlorothalonil (0.2%) were statistically at par with each
other showing mycelial growth inhibition of 65.18%, 64.81% and
62.59%, respectively. Chlorothalonil (0.1%) and Mancozeb (0.1%)
were also statistically at par with respective growth inhibition of
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46.66% and 44.44%.

Effect of systemic chemicals: In vitro evaluation of some
systemic chemicals (Table 3) against A. solani revealed that
Propiconazole was the best showing highest growth reduction
(96.91%), followed by Difenoconazole, Azoxystrobin and Thi-
ophanate methyl (with growth inhibition of 81.73%, 69.25% and
50.75%, respectively). It was found that 0.15% concentration of
all the chemicals achieved significantly the highest growth inhi-
bition (75.61%) of the fungus. Among different chemicals, it was
found that Difenoconazole @ 0.15% was statistically at par with
Propiconazole @ 0.05%, both of them showing 90.74% growth in-
hibition. Similarly, Difenoconazole @ 0.1% was also statistically
at par with Azoxystrobin @ 0.15%, respectively showing 82.59%
and 78.51% inhibition. Difenoconazole @ 0.05%, Kasugamycin @
0.15% and Azoxystrobin @ 0.1% were also observed to be statis-
tically at par with 71.85%, 68.51% and 67.77% of growth inhibi-
tion, respectively. Thiophanate methyl @ 0.15%, Kasugamycin @
0.10% and Azoxystrobin @ 0.05% were also observed to be sta-
tistically at par with each other, with respective growth inhibi-
tion of 63.33%, 61.85% and 61.48%. Similarly, Thiophanate me-
thyl @ 0.10% and Carbendazim @ 0.15% with growth inhibition
of 53.70% and 52.59%, respectively were also statistically at par
with each other. Thiophanate methyl @ 0.05% and Carbendazim
@ 0.05%, being statistically at par with each other resulted in
growth inhibition of 35.18% and 31.48%, respectively.

Table 2: Efficacy of non-systemic chemicals on the growth
inhibition of A. solani (in vitro)

M inhibiti f h Mean
Treatment ean per cent inhibition of growt (Chemi.
0.10% Conc. |0.20% Conc. |0.30% Conc. |cals)
Chlorotha- 46.66 62.59 84.44 64.56
lonil (43.08) (52.31) (66.80) (54.07)
Copper oxy- 80.73 88.51 78.02
chloride 64.81(53.63) | (63 9g) (70.25) (62.62)
Mancozeb 44.44 65.18 77.03 62.22
(41.81) (53.84) (61.40) (52.35)
Propineb 100.00 100.00 100.00 100.00
P (90.00) (90.00) (90.00) (90.00)
63.98 77.13 87.50
Mean (Conc.) | (57 3) (65.03) (72.12)
Chemical gggcentra— Chemical xConc.
S.E. (m) + 0.52 045 0.90
CD (0.05) 1.52 1.32 2.64

*Figures in parentheses indicate corresponding angular val-
ues

Table 3: Efficacy of systemic chemicals on the growth inhibi-
tion of A. solani (in vitro)

Treatment Mean per cent inhibition Mean

reatmen (Chemicals)
0.05% Conc.|0.10% Conc.|0.15% Conc.

Siflbenda' 31.48(34.12) |44.44(41.80) |52.59(46.49) |42.84(40.80)

E;ﬁapi“’“a' 90.74(72.37)[100(90.00)  [100(90.00) [96.91(84.12)

Thiophan-

ate methyl 35.18(36.36) |53.70(47.12) |63.33(52.75) |50.75(45.41)

Azox-

ystrobin 61.48(51.64) |67.77(55.42) | 78.51(62.39) [69.25(56.48)

Difeno- 17 85(57.97)(82.59(65.37) [90.74(72.32) | 81.73(65.22)

conazole

E‘;‘f“gamy' 11.85(19.72) |61.85(51.86) |68.51(55.88) |47.40(42.49)
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?é‘;";’;) 50.43(45.36) | 68.39(58.60) | 75.61(63.31)
Chemical t(ilggcentra— Chemical xConc.

SE.(m)+ [0.69 0.48 1.19

CD (0.05) [1.97 1.39 3.40

*Figures in parentheses indicate corresponding angular val-
ues

DISCUSSION

The present finding revealed that Propineb and Propiconazole
are most promising chemicals under in vitro condition against
early blight fungus of tomato. All other tested chemicals caused
also significant reduction in Alternaria growth and this inhibi-
tion is gradually increased with increasing concentration of the
chemicals. From the study of interaction effect between chemi-
cals and their concentrations, this research suggest that use of
chemical with less concentration rather than chemical with
higher concentration, which are statistically at par to each other,
could reduce the chance of chemical environmental hazards as
well as pathogen resistance.

Propineb is the best chemical option, irrespective of systemic &
non-systemic classes, because it inhibits multi-sites in the me-
tabolism of fungal cells. That’s why Propineb can be more appli-
cable in anti-resistance strategy of A. solani. In addition to path-
ogen control, Antracol (Propineb) has a beneficial physiological
role by supplying zinc micronutrient in case of plant deficiency.
Copper oxychloride acts as protectant fungicide which dena-
tures proteins, resulting destroying enzymes, leading to stop cell
function of the fungus (Zitter and Rosenberger, 2013). This pre-
sent finding is in conformity with the reports of earlier workers
like Abhinandan et al. (2004) and Singh and Singh (2006).

Propiconazole inhibits the growth of Alternaria by demethyla-
tion of C-14 during ergosterol biosynthesis which is critical for
the fungal cell wall formation. Effect of Propiconazole against A.
solani corroborates findings of Sali et al. (2010) and Sharma et al.
(2011). Azoxystrobin inhibits the fungal respiration (MET-III, cy-
tochrome bc,), leading to stop spore germination (Bartlett et al.,
2002). This study confirms the finding of MacDonald et al. (2007)
and Horsfield et al. (2010) who suggested that Azoxystrobin
could suppress early blight of potato.

Koley et al. (2015) showed that the growth of A. solani is inhib-
ited upto 52.77% and 57.03% by the use of bio-control agents
and botanical extracts respectively. Although bio-control and
botanical strategies are good for sustainable agriculture, but the
chemical control is the best option for Alternaria disease (Mesta
et al., 2011) which is confirmed with the cent percent inhibition
by all three concentration of Propineb and 0.10% and 0.15% con-
centration of Propiconazole in this finding. Present study could
suggest that rotation of the best two chemicals Propineb and
Propiconazole in an effective manner for the different crop sea-
son of tomato can prevent the fungal resistance, as these two
fungicides have different mode of action. Further research into
these chemicals will show the best integrated inhibition effect
against tomato early blight fungus.
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