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ABSTRACT: Seed biopriming followed by foliar spray of different newer fungicide molecules to manage sunflower leaf spot under field 
conditions have been tried in Coimbatore, Tamil Nadu, India for three consecutive years (2014-2016). The result indicated that among the 
different treatments tested, seed biopriming with TNAU Pseudomonas fluorescens (Pf1) @ 10g/kg seeds followed by spray of Hexacona-
zole @ 0.1% at 45 days and P. fluorescens (Pf1) @ 1.0% at 60 DAS showed less severity of Alternaria leaf spot (25.7) with the highest yield 
of 1471kg/ha against the control (47.7) which recorded yield of 1111kg/ha. In addition, seed biopriming promoted higher and uniform 
seed germination under field conditions.
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INTRODUCTION

Sunflower (Helianthus annuus L.) is the third most 
important edible oil seed crop worldwide and is cultivated 
over an area of 2.4 million hectares with the productivity 
of 608 kg/ha in India. Among the different growing states, 
Karnataka, Andhra Pradesh, Maharashtra, Tamil Nadu, 
Bihar, Punjab, Haryana and Uttar Pradesh are important. 
During the crop growth period, it is infected by more than 
thirty diseases (Gulya et al.,1994). Among the various dis-
eases, necrosis, leaf spot or blight occurs in early stages 
and powdery mildew which occurs in later stages are most 
important as they cause drastic yield losses (25-40 per cent) 
under field conditions (Shankergoud et al., 2006; Chander 
Rao et al., 2015). Within the diseases, leaf spot or blight 
caused by Alternaria helianthi (Hansf.) Tubaki & Nishi-
hara is a serious and potentially destructive one causing 
premature defoliation favored by higher relative humidity 
and warm temperature (Prathuangwong et al. 1991; Wang 
et al., 2014). The damages are due to the formation of leaf 
spots, reduction of plant photosynthetic area and early de-
foliation (Leite et al., 2006; Alves et al., 2013). Further, 
the leaf spot or blight significantly reduces head diameters, 
seed numbers, 1000-seed weight and oil percentage (Bal-
asubrahmanyam and Kolte 1980; Reddy and Gupta 1977). 
Until now, there is no resistant variety or hybrid available 

against leaf spot or blight disease, also an efficient disease 
management system is not available for suppressing the 
disease during an epidemic. Hence, use of fungicides be-
come inevitable. In the present study, to manage the leaf 
spot or blight, seed biopriming with TNAU-Pf1 and foliar 
spray of different newer molecules have been tried under 
field conditions to reduce the excess and repeated use of 
fungicide. Seed priming often results in more rapid and uni-
form seedling emergence and may be useful under adverse 
soil conditions (Mathre et al., 1994). Besides controlling 
the pathogen, seed-borne infections of A. helianthi are con-
trolled by Pseudomonas fluorescens seed treatment which 
showed least seed infection, higher root and shoot length in 
sunflower (Ahila Devi et al., 2014). Hence, in the present 
study, bio priming along with newer fungicide molecule fo-
liar spray have been tested under field conditions to find out 
their efficacy against the leaf blight disease.

MATERIALS AND METHODS

Field and soil conditions

The field trials were conducted at the Department of 
Oilseeds, TNAU, Coimbatore, Tamil Nadu, India during the 
season kharif, 2014, 2015 and 2016. The field experiment 
was laid out in randomized block design with four replica-
tions with the plot size of 4.2 m x 3.0 m with the spacing 
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of 60 x 30 cm. The performed experiment site is low in ni-
trogen, phosphorus content and medium in nutrient potash. 
As per the TNAU crop production guide recommendation, 
nutrients were applied to the soil. The soil was red loam in 
texture with the pH of 6.7. For the better germination of 
crop, sowing was taken up in 5-7 cm soil depth.

Talc-based bioformulation TNAU-Pf1

The talc-based bio-formulation of Pseudomonas 
fluorescens was prepared with some modification (Vid-
hyasekaran and Muthamilan, 1995). At the time of use, 
the P. fluorescens population in the formulation was 3x108 
cfu/g talc powder. 

Bio priming with TNAU-Pf1

The sunflower hybrid CO 2 was used for the field eval-
uation. Sunflower seeds were surface sterilized with 1.5 % 
NaOCl for 5 minutes and pre soaked in sterile water for 12 
hrs, the seeds were treated with TNAU P. fluorescens Pf1 @ 
10 g/kg and incubated in moist blotter for 48 hrs (25-32oC) 
and used for sowing.

Newer molecule and disease assessment

After seed biopriming, foliar spray was given at 45 
and 60 days after sowing as per the treatment mentioned 
below. Observations on seed germination and disease se-
verity in Per cent Disease Index (PDI) were recorded as 
per the formula mentioned below. Totally thirty individual 
leaves were observed per treatment per replication.  Newer 
fungicide molecules namely Hexaconazole, Propiconazole, 
Tebuconazole and fungicide chlorothalanil were purchased 
from private agency.

The treatment details were 

T1 – SB with Pseudomonas fluorescens (Pf1) @10g/
kg seeds followed by two sprays of P. fluorescens (Pf1) @ 
1.0% at 45 and 60 DAS

T2 – SB with Pseudomonas fluorescens (Pf1) @10g/
kg seeds followed by spray of Hexaconazole @ 0.1%  at 45 
days and P. fluorescens (Pf1) @ 1.0% at 60 DAS

T3 - SB with Pseudomonas fluorescens (Pf1) @10g/
kg seeds followed by spray of Propiconazole @ 0.1 % at 45 
days and P. fluorescens (Pf1) @ 1.0% at 60 DAS

T4 – SB with Pseudomonas fluorescens (Pf1) @10g/
kg seeds followed by  spray of Tebuconazole @ 0.1 % at 45 
days and P. fluorescens (Pf1) @ 1.0% at 60 DAS

T5 - SB with Pseudomonas fluorescens (Pf1) @10g/
kg seeds followed by  spray of chlorothalanil @ 0.2 % at 45 

days and P. fluorescens (Pf1) @ 1.0% at 60 DAS

T6 – Control

SB: seed biopriming and DAS: days after sowing

Per cent Disease Index (PDI) was calculated by using 
the formula given by Wheeler (1969).

Sum of individual disease ratings 100PDI x
Total number of  leaves observed Maximum disease grade

Alternaria leaf spot/blight

0: Leaf showing no symptoms 

1: Scattered brown spots covering 1% or less of the leaf 
area which is small and circular 

3: Dark brown enlarging spots covering 1-10% of leaf area 

5: Dark brown spots enlarging, target like appearance cov-
ering 11-25% of leaf area 

7: Dark brown spots coalescing with target like appearance 
covering 26-50% of leaf area 

9: Uniformly dark brown spots, coalescing covering 51% or 
above of leaf area

Seed yield 

At the time of harvest, sunflower head from all treat-
ments were weighed as per the replications separately and 
average weight was calculated. After threshing and win-
nowing, seed weight of each replication in kilogram was 
recorded and yield per hectare was computed by using net 
plot yield data.

Statistical analysis

The data were statistically analyzed using the IR-
RISTAT version 92 developed by the International Rice 
Research Institute Biometrics unit, the Philippines (Gomez 
and Gomez 1984). The percentage values of the disease 
index were arcsine transformed. Data were subjected to 
ANOVA at significant level (p < 0.05) and means were 
compared by DMRT. 

RESULTS AND DISCUSSION

Sunflower (Helianthus annuus L.) is one of the impor-
tant oilseed crops in the world and it ranks third in area after 
soybean and groundnut and it is most susceptible to Alter-
naria helianthi which cause seedling blight, reduces crop 
stand and can infect both leaves and stems during anthesis 
and seed filling stage (Jeffrey et al., 1984). This symptom 
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appears more frequently on older leaves than on young and 
expanding ones (Balasubramanyam and Kolte 1980). To 
manage, spraying of broad spectrum fungicide mancozeb 
has been recommended by several workers (Ramakrishnan 
et al., 1971; Stevenson 1977). Hence, to avoid the repeated 
use of fungicide with higher doses, the present study was 
carried out to test whether the bioagent seed priming and 
one foliar spray with newer fungicide molecule will help 
in managing the disease. In the present study, first season 
field experiment was started during the year 2014, among 
the different treatments tested, seed treatment with Pseu-
domonas fluorescens (Pf1) @ 10g/kg seeds followed by fo-
liar spray of Hexaconazole @ 0.1% at 45 days and P. fluo-
rescens Pf1 @ 1.0% at 60 DAS (T2) have recorded lowest 
incidence of Alternaria leaf spot (8.9 PDI) with the highest 
yield of 1194 kg/ha which is statistically on par with T4 
(the seed treatment with P. fluorescens Pf1 @10g/kg seeds 
followed by spray of Tebuconazole @ 0.1 % at 45 days and 
P. fluorescens Pf1 @ 1.0% at 60 DAS) when compared to 
control which recorded 20.8 PDI with the yield of 965 kg/
ha (Table 1).

Table 1. �Management of Alternaria leaf spot/blight 
through bioagents and fungicides in sunflower 
-Kharif 2014

Treatments Disease severity 
(PDI)

Yield (kg/ha) B:C ratio

T1 9.9a 1178 2.05

T2 8.9a 1194 2.03

T3 9.1a 1178 2.00

T4 8.9a 1185 2.01

T5 9.9a 1179 2.00

T6 20.8b 965

S.E 0.63 11.2

CD (0.05) 1.35 38.6
Values are means of four replications

Second season field trial was carried out during kha-
rif 2015 using Coimbatore sunflower Hybrid CO 2 and the 
sowing was taken up on 10.07.2015 with four replications. 
The severity of Alternaria leaf spot or blight varied from 
4.25 to 17.50 during 50 DAS. At 90 DAS, Alternaria leaf 
spot severity varied from 35.17 to 62.72. The same treat-
ment T2 recorded the lowest severity of Alternaria leaf spot 
(35.17). The next best treatment was T3 which recorded 
the disease severity of 43.20 whereas disease severity was 
62.72 in control. The yield was significantly superior in 
all the treatments over control, the treatment T2 recorded 
highest yield of 1766 kg/ha with B:C ratio of 2.03 followed 
by treatment 3 which recorded 1428 kg/ha with B:C ratio 
of 1.60 as against control which recorded 1129 kg/ha with 

B:C ratio of 1.30 (Table 2).

Table 2. �Management of Alternaria leaf spot/blight 
through bioagents and fungicides in sunflower 
- Kharif 2015

Treatments Disease severity (PDI) Yield (kg/ha) B:C ratio

T1  54.92d 

(47.83)
1273bc 1.46

T2  35.17a

(36.36)
1766a 2.03

T3  43.20b 
(41.09)

1428b 1.60

T4  44.87bc

(42.05)
1375bc 1.52

T5  48.75c

(44.28)
1373bc 1.50

T6  62.72e

(52.38)
1129c

S.E 1.34 134.42

CD (0.05) 2.86 286.51
Values are means of four replications and the values in parenthesis are 
arcsine transformed value

For the third season field trial during kharif 2016, the 
sowing was taken up on 5.07.2016 with four replications. 
Alternaria leaf spot severity varied from 33.0 to 59.7. The 
same trend was observed in treatment T2 which recorded 
the Alternaria leaf spot severity of 33.0 followed by T3 
with disease severity of 42.0. The disease severity was 59.7 
in control. The yield was significantly superior in all the 
treatments over control, the treatment T2 recorded high-
est yield of 1453 kg/ha with B:C ratio of 1.52 followed by 
treatment T3 which recorded 1379 kg/ha with B:C ratio of 
1.41 as against control which recorded 1241 kg/ha (Table 
3). Three years pooled analysis showed that the treatment 
T2 (seed treatment with Pseudomonas fluorescens (Pf1) @ 
10g/kg seeds followed by spray of Hexaconazole @ 0.1% 
at 45 days and P. fluorescens (Pf1) @ 1.0% at 60 DAS) 
showed less severity of  Alternaria leaf spot (25.7) followed 
by treatment T3 (31.4) against the control (47.7). Further, 
the same treatment recorded highest yield (1471kg/ha) as 
against control (1111kg/ha) (Table 4).

In the study, seed biopriming promotes higher and 
uniform seed germination under filed conditions. Similar 
results were obtained by Herbar (1991) who reported that 
that germination and growth of plant were significantly 
increased in Pseudomonas fluorescens treated seeds when 
compared to untreated seeds. The growth promoting effect 
and inhibiton of seed-borne fungi by biocontrol agent is re-
ported by Rao (2006). The efficacy of talc-based BCAs has 
already been demonstrated on foliar diseases. Beattie and 
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Lindow (1995) suggested that P. fluorescens might survive 
on leaf surfaces by occupying particular surface sites. The 
P. fluorescens (Pf1), Bacillus subtilis (Bs1) are the major 
potential biocontrol agents against foliar pathogens. MPf1 
and MBs1 were found to be most effective in inhibiting the 
mycelial growth of Alternaria helianthi (Ahila Devi et al., 
2014).

Table 3. �Management of Alternaria leaf spot/blight 
through bioagents and fungicides in sunflower 
- Kharif 2016

Treatments Disease severity (PDI) Yield (kg/ha) B:C ratio

T1  45.8b

(42.60)
1364 1.44

T2  33.0a

(35.08)
1453 1.52

T3  42.0b 
(40.44)

1379 1.41

T4  43.6b

(41.33)
1347 1.36

T5  45.7b

(41.97)
1306 1.31

T6  59.70c

(50.61)
1241

S.E 1.16 135.79

CD (0.05) 2.47 289.43

CV % 3.91   14.24
Values are means of four replications and the values in parenthesis are 
arcsine transformed value

Table 4. �Management of Alternaria leaf spot/blight 
through bioagents and fungicides in sunflower 
(pooled analysis of 3 years data)

Treatments Disease severity 
(PDI)

Yield (kg/ha)

T1 36.9 1271

T2 25.7 1471

T3 31.4 1328

T4 32.4 1302

T5 34.4 1286

T6 47.7 1111

S.E CD @ 0.05 S.E CD @ 0.05

Treatment 0.74 2.11* 45.32 128.82 *

Seasons 0.52 1.49* 32.04 91.09 *

Seasons x Treatment 1.28 3.65* 78.49 223.13 ns

CV % 7.39 12.12

The result of the three years pooled analysis showed 
that seed priming with Pseudomonas fluorescens (Pf1) @10 
g/kg seeds followed by spray of Hexaconazole @ 0.1% at 
45 days and P. fluorescens (Pf1) @ 1.0% at 60 DAS) showed 
less severity of Alternaria leaf spot (25.7) with the highest 
yield of 1471kg/ha. In the field trials, (rainy season of the 
years 2009-10 and 2010-11), seed treatment, foliar applica-
tion of T. harzianum Th4d SC at 2 ml/l and consortium for-

mulations (T. harzianum Th4d SC + T. asperellum Tv5SC at 
1ml/l) effectively reduced the severity of the disease (ALB 
reduction up to 50-55% and BGM up to 55-65%). In addi-
tion, these applications enhanced sunflower and castor yield 
compared to untreated control (Navaneetha et al., 2014). P. 
fluorescens and T. harzianum followed by B. subtilis treat-
ment showed higher peroxidases activity  over control are 
associated with stages of the infection process and are in-
volved in generation of hydrogen peroxidase which inhibit 
the pathogen directly by producing free radicles having an-
timicrobial activity and lignification (Hammerschmidt et 
al., 1982).  

Hence our studies indicate that seed treatment with 
Pseudomonas fluorescens (Pf1) @ 10g/kg seeds followed 
by spray of Hexaconazole @ 0.1% at 45 days and P. fluore-
scens (Pf1) @ 1.0% at 60 DAS is effective for the manage-
ment of Alternaria leaf spot or blight in sunflower crop.
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