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ABSTRACT
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Marigold (Tagetes erecta L.) is an important commercial and garden flower crop. Alternaria leaf spot
and Botrytis flower blight are the significant constraints in marigold cultivation. In this study, different
bioagents and fungicides were tested for their efficacy against leaf spot and flower blight of marigold under
field conditions. Among the bioagents tested, seed treatment (1%) + foliar spray (0.2%) of Pseudomonas
(TNAU-Pf1) at 30 and 45 days after planting (DAP) was found to be effective in controlling Alternaria
leaf spot and Botrytis flower blight and also recorded higher flower yield compared to other bioagents.
Among the fungicides tested, seed treatment (0.2%) + foliar spray of hexaconazole + zineb (0.2%) was
found effective in reducing the incidence of both diseases and recorded higher flower yield followed by

pyraclostrobin + metiram (0.2%).

HIGHLIGHTS

@ Hexaconazole +zineb and pyraclostrobin+metiram were the best fungicides for effectively managing
Alternaria leaf spot and Botrytis flower blight of marigold.
® Among the bioagents, Pseudomonas (TNAU-Pf1 was found to be effective in controlling leaf spot and

flower blight disease.
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Marigold (Tagetes erecta L.) is one of the important
commercially cultivated flower crops grown in
various agroclimatic regions of India. Growth and
yield of marigold are affected by various foliar
fungal diseases. Among them, leaf spot incited
by Alternaria tagetica and flower blight caused by
Botrytis cinerea has emerged as significant constraints
compared to other diseases (Sen 1996; Chandel et
al. 2010). There are many disease control methods,
but in general, chemical and biological methods are
considered the most effective and reliable. Recently,
new fungicide molecules have been used to control
a wide range of pathogens in different flower crops.
Dithane M-45, carbendazim and hexaconazole can
control Alternaria leaf spot and flower blight disease
in marigold and other ornamental flower crops
(Shindhe et al. 2018; Aktar and Shamsi 2015; Singh
et al. 2012; Bharnwal et al. 2002).

Similarly, a large number of plant diseases have been
successfully controlled through bacterial and fungal
antagonists (Cook and Baker 1983; Campbell 1989;
Vidhyasekaran et al. 1997). Pseudomonas fluorescens
(TNAU-Pf1), Bacillus subtilis (Bs1) and Trichoderma
asperellum (Tal) are the most effective biocontrol
agents currently available at the Department of
Plant Pathology, TNAU, Coimbatore and are
used primarily for seed, soil and foliar treatment
due to its efficient antagonistic activity against
various plant pathogens (Vidhyasekaran et al. 1997;
Ramamoorthy et al. 2002; Thilagavathi et al. 2007;
Latha et al. 2009; Rakshit et al. 2018). Thus, in the
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present study, the objective was to investigate the
effect of selected bioagents and fungicides as seed
treatment and foliar application against Alternaria
leaf spot and Botrytis flower blight of marigold
under field conditions.

MATERIALS AND METHODS

Biocontrol agents

The isolates of Pseudomonas fluorescens (TNAU-
Pf1), Bacillus subtilis (Bs1), Trichoderma asperellum
(Tal) were obtained from the Culture Collection
Section, Department of Plant Pathology, Tamil Nadu
Agricultural University (TNAU), Coimbatore, India.

Preparation of talc-based bioformulation

A loopful of P. fluorescens and B. subtilis was
inoculated into sterilized King’s B and Nutrient
broth, respectively and incubated in a rotary shaker
at 150 rpm for 48 h at room temperature (28 + 2
°C). After 48 h of incubation, the broth containing
9 x 10® cfu/ml was used to prepare talc-based
formulation. To the 400 ml of bacterial suspension,
1 kg of the talc powder (sterilized at 105 °C for
12 h), calcium carbonate 15 g (to adjust the pH to
neutral) and carboxymethyl cellulose (CMC) 10 g
(adhesive) were mixed under sterile conditions,
following the method described by Nandakumar
et al. (2001). After shade drying overnight, it was
packed in a polypropylene bag and sealed. At the
time of application, the population of bacteria in
talc formulation was 2.5-3 x 10° cfu/g.

Trichoderma asperellum isolate was multiplied in
molasses-yeast broth (30 ml molasses; 5 g yeast; 11
distilled water). The sterile broth was inoculated with
an actively growing mycelial disc (8 mm) incubated
for 10 days. The biomass (3 + 10° cfu/ml) and the
medium were incorporated into the sterilized talc
powder at the rate of 50 ml of suspension per 100 g
of talc powder and thoroughly mixed with 500 mg
CMC as described by Ramakrishnan et al. (1994).

Effect of different bioagents and fungicides on
leaf spot and flower blight of marigold under
field conditions

Two field experiments were carried out at Regional
Research Station farm, Paiyur, during March
2015- June 2015 and August 2015-November 2015
to evaluate the efficacy of different bioagents and
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fungicides against Alternaria leaf spot and Botrytis
flower blight of marigold. The treatments of the
experiments were:

¢ T1- Seed Treatment (ST) (1%) + Foliar spray of
P. fluorescens -TNAU-Pf1 (0.5%)

¢ T2- ST (1%) + Foliar spray of B. subtilis —-Bs1
(0.5%)

¢ T3- ST (0.4%) + Foliar spray of T. asperellum-Tal
(0.5%)

¢ T4- ST (0.2%) + Foliar spray of Pyraclostrobin
+ metiram (0.2%)

¢ T5- ST (0.2%) + Foliar spray of Thiophanate
methyl (0.1%)

¢ Té6- ST (0.2%) + Foliar spray of hexaconazole +
zeneb (0.2%)

¢ T7- Untreated control

The field experiment was laid out in a Randomized
Block Design (RBD) with three replications using
Maximum Yellow for the first season and Supreme
Yellow for the second season. The individual plot
size of 15 m* was maintained and the seedlings were
planted at a spacing of 60 x 45cm.

Method of application

Before sowing, marigold seeds were treated
with the talc-based formulation of bioagents and
fungicides as per the treatment schedule. The talc-
based formulation of bioagents and fungicides was
applied 30 and 45 days after planting (DAP) using
a high-volume backpack knapsack sprayer with a
500 lit/ha spray fluid. The seeds not treated with
bacterial strains or fungicide served as control.

Disease assessment

The incidence of Alternaria leaf spot was recorded
in different bioagents and fungicides sprayed plots
using a standard score chart. It was based on the
percentage of leaf area affected where 0- No visible
symptom, 1- 1 to 10%, 2- 11 to 20%, 3- 21 to 30%, 4-
31 to 40% and 5- 41 and above. The percent flower
infection (blight) was also recorded after spraying
the crop. The plant growth and yield attributes were
also recorded in all the treatments.

STATISTICAL ANALYSIS

The data were subjected to analysis of variance
(ANOVA) using the IRRISTAT version 92-1 program
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developed by the Biometrics Unit, International
Rice Research Institute, The Philippines. Disease
incidence data were arc-sine transformed before
analysis. The treatment means were compared by
Duncan’s multiple range test (DMRT) (Gomez and
Gomez 1984).

RESULTS AND DISCUSSION

Among the three biocontrol agents tested the use
of P. fluorescens (TN AU-Pf1) was proved to be best
in reducing both Alternaria leaf spot and Botrytis
flower blight incidence, i.e., seed treatment (1%) and
foliar spray (0.5%) of TNAU-Pf1 at 30 and 45 days
after planting recorded only 3.20 PDI of leaf spot
and 3.73% of flower blight. Among the fungicides,
seed treatment (0.2%) + foliar spray of hexaconazole
+ zeneb (0.2%) and ST (0.2%) + foliar spray of
pyraclostrobin + metiram (0.2%) recorded only
0.88 and 1.47 PDI of leaf spot and 1.64 and 1.85%
of flower blight, respectively and both treatments
were on par with each other. Maximum incidence of
13.33, PDI of leaf spot and 15.77% of flower blight
was observed in untreated control plots.
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The experimental results on the growth and other
yield attributes revealed that the highest plant
height of 53.60 cm was recorded in TNAU- Pf1 (seed
treatment+ foliar spray) treated plots followed by
hexaconazole + zineb (48.25 cm) and pyraclostrobin
+metiram (47.92 cm). Whereas hexaconazole + zineb
and pyraclostrobin + metiram treated plots recorded
higher no. of flowers/plant, flower yield and BC
ratio compared to all other treatments recorded
60.67 and 59.67 no. /plant, 12.34 and 12.09 tonnes/ha
and BC ratio of 2.9 and 2.7, respectively followed by
TNAU-Pf1 (56.70 no./plant; 11.69 tonnes/ha; 1:2.7).
Untreated control plots recorded the minimum
plant height (43.24 cm), no. of flowers/plant (42.00)
and flower yield (6.54 tonnes/ha).

In the second season also, seed treatment (1%) and
foliar spray (0.5%) of TNAU-Pf1 at 30 and 45 DAP
significantly reduced the incidence of Alternaria leaf
spot (4.44 PDI) and Botrytis flower blight (4.96%).
Similarly, the fungicides hexaconazole + zineb and
pyraclostrobin + metiram treated plots recorded
only 2.12 and 2.47 PDI of leaf spot and 2.83 and
3.02% incidence of flower blight, respectively.

Table 1: Effect of bioagents and fungicides on the incidence of leaf spot and flower blight in marigold (Season I)

Sl. No. Treatments

Alternaria leaf spot Botrytis flower blight

(PDI) (%)
1 P. fluorescens (ST @ 1% and FS @ 0.5%) 3.20° 3.73°
2 B. subtilis (ST @ 1% and FS @ 0.5%) 7.40¢ 8.60¢
3 T. asperellum (ST @ 0.4% and FS @ 0.5%) 8.87¢ 9.594
4 Pyraclostrobin + metiram (ST @ 0.2% and FS @ 0.2%) 1.472 1.85°
5 Thiophanate methyl (ST @ 0.2 % and FS @ 0.1%) 3.44° 5.65"
6 Hexaconazole + zineb (ST @ 0.2% and FS @ 0.2%) 0.88° 1.647
7 Untreated control 13.334 15.77¢

ST- Seed Treatment; FS- Foliar Spray; Values are means of three replications. In a column, means followed by a common letter are not

significantly different at 5% level by DMRTs.

Table 2: Effect of bioagents and fungicides on growth and flower yield of marigold (Season I)

SL Plant Height No. of Flower yield/ Flower yield
No. Treatments (cm) i flowers/ plant plot (Kgy) (tones/hya) BCR
1 P. fluorescens (ST @ 1% and FS @ 0.5%) 53.60° 56.70° 12.16° 11.69° 27
2 B.subtilis (ST @ 1% and FS @ 0.5%) 48.26° 53.00¢ 10.13° 9.744 2.2
3 T. asperellum (ST @ 0.4% and FS @ 0.5%) 47.02b¢ 50.67¢ 9.27¢ 8.91¢ 2.0
4 Pyraclostrobin + metiram (ST @ 0.2% and FS@  47.92> 59.672 12.572 12.09% 2.7
0.2%)
Thiophanate methyl (ST @ 0.2 % and FS @ 0.1%) 46.95¢ 56.33° 10.97° 10.55° 2.3
6 Hexaconazole + zineb (ST @ 0.2% and FS @ 48.25° 60.67° 12.832 12.34* 29
0.2%)
7  Untreated control 43.24¢ 42.00¢ 6.804 6.54f —

ST- Seed Treatment; FS- Foliar Spray; Values are means of three replications. In a column, means followed by a common letter are not

significantly different at 5% level by DMRTs.
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Table 3: Effect of bioagents and fungicides on the incidence of leaf spot and flower blight in marigold (Season II)

SL No. Treatments ?;(t;rg:zl;tg leaf ﬁzfrytls flower blight
1 P. fluorescens (ST @1% and FS @ 0.5%) 4.44° 4.96°

2 B. subtilis (ST @ 1% and FS @ 0.5%) 7.90¢ 8.33¢

3 T. asperellum (ST @ 0.4% and FS @ 0.5%) 9.14¢ 8.52¢

4 Pyraclostrobin+ metiram (ST @ 0.2% and FS @ 0.2%) 2477 3.02:

5 Thiophanate methyl (ST @ 0.2 % and FS @ 0.1%) 8.40 4.84°

6 Hexaconazole+ zineb (ST @ 0.2% and FS @ 0.2%) 2.12° 2.83°

7 Untreated control 16.05¢ 18.34¢4

ST- Seed Treatment; FS- Foliar Spray; Values are means of three replications. In a column, means followed by a common letter are not

significantly different at 5% level by DMRTs.

Table 4: Effect of bioagents and fungicides on growth and flower yield in marigold (Season II)

SL

Plant Height

No. of flowers/ Flower yield/ Flower yield/

No. Treatments (cm) plant plot (Kg) ha (tonnes) BCR
1 P fluorescens (ST @ 1% and FS @ 0.5%) 59.16° 63.33¢ 11.97¢ 12.34¢ 2.6

2 B.subtilis (ST @ 1% and FS @ 0.5%) 51.99¢ 56.66° 9.87¢ 10.28¢ 24

3 T asperellum (ST @ 0.4% and FS @ 0.5%) 53.59¢ 58.80¢ 9.40¢ 9.79¢ 23

4 Pyraclostrobin + metiram (ST @ 0.2% and FS @ 58.66™ 66.67° 12.97° 13.51° 2.8

0.2%)

5  Thiophanate methyl (ST @ 0.2 % and FS @ 0.1%)  52.67¢ 58.674 10.60¢ 11.044 24

6  Hexaconazole + zineb (ST @ 0.2% and FS @ 0.2%) 57.90° 68.67° 14.53* 15.142 3.1

7 Untreated control 46.27¢ 45.00¢ 7.53¢ 7.858 -

ST- Seed Treatment; FS- Foliar Spray; Values are means of three replications. In a column, means followed by a common letter are not

significantly different at 5% level by DMRTs.

The untreated control plot recorded a maximum
leaf spot incidence (16.05 PDI) and flower blight
(18.34%).

The growth and flower yield data presented in table
4 revealed that TNAU-Pf1 treated plots recorded
higher plant height (59.16 cm), no. of flowers/plant
(63.33) and flower yield (12.34 tonnes/ha) and BC
ratio (1:2.6) compared to other two bioagents tested.
However, the fungicides hexaconazole + zineb and
pyraclostrobin + metiram treated plots recorded a
maximum no. of flowers/plant (68.67; 66.67), flower
yield (15.14; 13.51 tonnes/ha) and BC ratio (1:3.1;
1:2.8) compared to other treatments. Untreated
control plot recorded only lesser no. of flowers/plant
(45.00) and flower yield (7.85 tonnes/ha).

The present findings confirm those reported by
Chandel ef al. (2003 and 2010), who reported that
the treatment of sulfur fungicide (mancozeb) gave
better disease control of Alternaria leaf spot and
flower blight in marigold. Shindhe et al. (2018)
reported that hexaconazole (0.1%) was found

Print ISSN : 0974-1712

402

effective in reducing the incidence of leaf spot and
flower blight of marigold and increased flower
yield followed by mancozeb. Singh et al. (2006) also
obtained maximum disease control and marigold
flower yield by applying triazol compounds like
difenoconazole and penconazole. Similarly, Li and
Wu (2002) reported that triazole group fungicides
gave better control of Alternaria blight in carnation.
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