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Abstract

A field experiment was conducted during Rabi season of 2023 at Crop Research Farm Department of
Agronomy. The treatment consisted of three levels of Sulphur (20 kg/ha, 25 kg/ha and 30 kg/ha) and PSB —
20 g/kg, Azotobacter — 20 g/kg and PSB + Azotobacter — 20 g/kg (0.5%, 1% and 1.5%) along with
recommended dose of nitrogen, phosphorus, potassium and control (60:80:60 NPK kg/ha), this experiment
was laid out in a Randomized Block Design with ten treatment and replications thrice application Sulphur.
The application of (PSB 20 g + Azotobacter 20 g) + Sulphur 25 kg/ha (Treatment 9) recorded significantly
maximum plant height (135.41 cm), Plant dry weight (49.37 g/plant), seeds/capitulum (307.00), test weight
(50.20 g), seed yield (8.56 g/ha), stover yield (31.26 g/ha) and harvest index (26.23%).

It was concluded that for obtaining higher yield components with better quality of Sunflower application of
(PSB 20 g + Azotobacter 20 g) + Sulphur 25 kg/ha was recommended.

Keywords: Bio-fertilizer, sulphur, sunflower, yield

Introduction

Sunflower (Helianthus annuus L.) is an oleaginous species cultivated in many regions of the
world, such as Russia, Ukraine, United States, Argentina, and China [Kostenkova 2019] !, due
to its wide phenotypic plasticity. The term Helianthus is derived from the Greek helios, meaning
sun, and anthos, meaning flower. This crop has high nutritional value and medicinal properties
through compounds extracted from seeds fixed in achene (dried fruit) of this oilseed. In addition
to the production of edible oil, sunflower has also been used as a raw material in the production
of cosmetics, paints, lubricants, and biodiesel [Rocha-Filho 2016] 1. After the process of
extracting oil from the seeds, sunflower bran is also a byproduct used as a protein source for
human consumption or as a food supplement for ruminant and non-ruminant feed [Adeleke
2020] ™. Sunflower oil content varies from 48-53% and it is premium oil with pale yellow in
colour used for cooking and margarine. Sunflower is a rich source of linoleic acid (64%) which
helps in reducing cholesterol deposition in the coronary arteries of the heart. Oil contains high
level of alpha tocopherol, a form of vitamin E. There are two types of sunflowers seed produced,
oilseed and confectionery. About 95% of world production is the oil seed type and only 5% the
confectionery type. Sunflower contains appreciable quantities of proteins, vitamins A, B, E & K.
The sunflower meal is nutritious and can be used to feed the milk cattle, poultry and pigs. In
India the sunflower is traditionally cultivated in Karnataka, Maharashtra and Andhra Pradesh. In
recent years its cultivation has also been taken up in non-traditional states like Haryana, Punjab,
UP, Gujarat, Tamil Nadu, Orissa, MP, and Rajasthan. Among the important sunflower growing
states in the country, Karnataka is one where it occupies an area of 9.85 lakh hectares with
annual production of 3.62 lakh tones and productivity of 336 kg per hectare.

Azotobacter fixes the atmospheric nitrogen to make available for the plants. It increases the seed
germination, plant growth and yield. In certain conditions, they also exhibit antifungal activities
and there by fungal disease may be controlled indirectly. It increases the reproductive stage
duration, grain filling duration and the total duration of plant growth. Beside this, application of
Azotobacter effects the grain yield, stalk yield and oil content of the crop (Amutha et al., 2014)
(21, Azotobacter are considered as indicates of plant health. It is well established that root
exudates produced diverse organic substances important for rhizosphere microbes. Azotobacter
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stimulate architecture, producing siderophores and lowering
ethylene level of non-legumes plants (Chand et al., 2006) &I,

The PSB (Phosphate solubilizing bacteria) application was able
to mobilize P efficiently in the sunflower and improved seed
quality and oil yield. It also enhanced the head diameter, 1000
seed weight, kernel ratio and oil content and led to seed and oil
yield increases of 15.0 and 24.7% over no application,
respectively (Chen et al., 2009) 241,

Sulphur is regarded as a quality nutrient because it affects not
only crop yield but also crop quality through its effects on
protein metabolism, oil synthesis, and amino acid formation.
The average increase in oil content due to sulphur application in
major oilseeds is 11.3 percent in groundnut, 9.6% in mustard,
6.0% in linseed and 3.8% in sunflower (Sharma et al. 2009) [*7]
Sulphur is a mobile element that is quickly lost from the soil.
The level of available sulphur reaches below the critical limit
and sunflower is bound to suffer sulphur deficiency. Sulphur-
deficient soils are unable to provide enough sulphur to satisfy
crop demand, resulting in crop sulphur deficiency and
suboptimal yield. Sulphur is increasingly being recognized as
the fourth major plant nutrient after nitrogen, phosphorus and
potassium (Tandon and Messick, 2003) 1, Sulphur plays a
predominant role in improving the grain quality of sunflower
crop and also the use efficiency of nitrogen and phosphorus
(Najer et al., 2011) [*21,

Materials and Methods

The experiments on the effect of S and B as foliar application
with different levels of sulphur along with recommended dose of
fertilizers (RDF) on the growth and yield enhancement of
sunflower were conducted at Rabi season of 2023 at Crop
Research Farm, Department of Agronomy, Naini Agricultural
Institute, SHUATS, Prayagraj which is located at 25° 24 42 N
latitude, 81° 50 56 E longitude and 98 m altitude above the mean
sea level. This area is situated on the right side of the river
Yamuna by the side of Prayagraj Rewa Road about 5 km away
from Prayagraj city. A composite soil sample was collected at a
depth of 0-30 cm. It was air dried, crushed, and tested for
physical and chemical properties. The soil was sandy clay loam
in texture with soil reaction of (pH 7.6), 0.69 organic matter
(0.72%), available nitrogen (152.7 kg/ha), phosphorus (10.4
kg/ha), potassium (174.0 kg/ha), Sulphur (7.2 mg/kg), Zn (0.72
mg/kg) and available B (0.56 mg/kg). Experiments were carried
out in a randomized block design with ten treatments [T;- PSB
20 g/kg + Sulphur 20 kg/ha, To- PSB 20 g/kg + Sulphur 25 kg/ha
- 1%, Ts- PSB 20 g/kg + Sulphur 30 kg/ha, Ts- Azotobacter 20
g/kg + Sulphur 20 kg/ha, Ts- Azotobacter 20 g/kg + Sulphur 25
kg/ha, Te- Azotobacter 20 g/kg + Sulphur 30 kg/ha, T+- (PSB 20
g + Azotobacter 20 g) + Sulphur 20 kg/ha, Ts- (PSB 20 g +
Azotobacter 20 g) + Sulphur 25 kg/ha, Te- (PSB 20 g +
Azotobacter 20 g) + Sulphur 30 kg/ha, T1o - Control (60-80-60)
NPK kg/ha]. Experimental plots consisted of three levels of
Sulphur (20 kg/ha, 25kg/ha and 30 kg/ha) as soil application and
Bio-fertilizer [PSB (Phosphate solubilizing bacteria) - 20 g/kg,
Azotobacter - 20 g/kg, PSB -20 g + Azotobacter- 20 g/kg] as
seed treatments and control i.e., recommended N, P and K
(60:80:60 kg/ha) alone as soil application. All the treatments
were applied by balancing to the initial soil test values and crop
requirements to justify the crop response to the supplied
nutrients in both years.

Results and Discussion
Plant Height: Highest plant height (135.41 cm) was recorded
with the application of (PSB 20 g + Azotobacter 20 g) + Sulphur
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30 kg/ha (To), at 80 DAS there was significant difference among
the treatments. Whereas treatment (PSB 20 g + Azotobacter 20
g) + Sulphur 25 kg/ha (131.63 cm) was found to be statistically
at par with Ty, and minimum was reported in control (125.76
cm). According to Tisdale et al., 2003 [ in addition to its high
N fixation and biofertilizers is known to synthesize growth
substances such as IAA and other auxines and vitamins B which
might have also helped in growing the plant height.

Plant Dry Weight: Highest plant dry weight (48.09 gm) was
stated with the application of (PSB 20 g + Azotobacter 20 g) +
Sulphur 30 kg/ha (To), whereas treatment (PSB 20 g +
Azotobacter 20 g) + Sulphur 25 kg/ha (47.78 gm) was found to
be statistically at par with To, and minimum was reported in
control (41.07 gm). Biofertilizers not only provide nitrogen but
also produces a variety of growth- promoting substances, among
them indole acetic acid, gibberellins, and B-vitamins this might
have helped in the hike in no. of leaves. These findings are
similar to that of Kavitha (2013) [¥; Vaghasia and Kahanpara
(2008) U: Rani et al., (2009) 4: Hussain et al., (2011) [
Basavaraju (1999) %1,

Crop growth rate: During 60 — 80 DAS interval treatment with
(PSB 20 g + Azotobacter 20 g) + Sulphur 30 kg/ha (6.91
g/m?/day) was recorded higher, and minimum was reported in
(PSB 20 g + Azotobacter 20 g) + Sulphur 25 kg/ha (5.46
g/m?/day) over all the treatments and there was no significant
difference between the treatments.

Relative growth rate: Highest Relative growth rate (0.710
g/g/day) was reported with the treatments (PSB 20 g +
Azotobacter 20 g) + Sulphur 30 kg/ha. Whereas minimum
Relative growth rate (0.593 g/g/day) PSB 20 g + Azotobacter 20
g + Sulphur 25 kg/ha and also reported by other treatments and
there was no significant difference between the treatments. This
might be due to reduced uptake of nutrients and water as the
roots start getting suberized after completion of active vegetative
growth (Russell 1952) [161,

Seeds per capitulum: Maximum seeds/capitulum (307.00) was
observed with the treatment of application of (PSB 20 g +
Azotobacter 20 g) + Sulphur 30 kg/ha over all the treatments,
minimum was recorded in Control (290.00) However, the
treatments (PSB 20 g + Azotobacter 20 g) + Sulphur 25 kg/ha
(300.33) which was found to be statistically at par with T.
Vessey (2003) 22 reported that Azotobacter and Azotobacter
increase the available nitrogen in the soil which could enhance
the grain number. Grain yield was significantly influenced with
different combinations of biofertilizers with chemical fertilizers.

Test weight: Significantly maximum test weight (g) (50.20 g)
was observed with the treatment of application of (PSB 20 g +
Azotobacter 20 g) + Sulphur 30 kg/ha (To) over all the
treatments, minimum was recorded in Control (42.85 @)
However, the treatments (PSB 20 g + Azotobacter 20 g) +
Sulphur 25 kg/ha (49.89 g) which was found to be statistically at
par with To.

Seeds yield (g/ha): Significantly maximum seed yield (8.56
g/ha) was recorded with the treatment of application of (PSB 20
g + Azotobacter 20 g) + Sulphur 30 kg/ha (Tg) over all the
treatments, minimum was recorded in Control (6.90 g/ha).
However, the treatments (PSB 20 g + Azotobacter 20 g) +
Sulphur 25 kg/ha (8.56 g/ha) which was found to be statistically
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at par with Te. The increase in yield and vyield attributing
parameters might due to the application of the combined use of
inorganic fertilizers, organic manures and bio fertilizers can
enhance the inherent nutrients supplying capacity of the soil
with respect to both macro- and micronutrients (Jayabal and
Chelliah, 2000) [ and also improve the physical properties of
the soil, which promote better rooting, higher nutrient uptake by
the crop and increase in seed yield.

Stover yield (g/ha): Significantly Maximum stover yield (31.26
g/ha) was observed with the treatment of application of (PSB 20
g + Azotobacter 20 g) + Sulphur 30 kg/ha over all the
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treatments, minimum was recorded in Control (28.35 g/ha)
However, the treatments (PSB 20 g + Azotobacter 20 g) +
Sulphur 25 kg/ha (30.91 g/ha) which was found to be
statistically at par with Ty.

Harvest index (%): Significantly Maximum harvest index
(26.60%) was observed with the treatment of application of
(PSB 20 g + Azotobacter 20 g) + Sulphur 30 kg/ha over all the
treatments, minimum was recorded Control (26.05%). Similar
results have also been reported by Ramu and Reddy (2003) %]
and Shekhawat and Shivay (2009) €,

Table 1: Effect of sulphur and biofertilizer on yield attributes and yield of Sunflower

S No Treatments Seeds/capitulum|Test weight (g)|Seed yield (g/ha)|Stover yield (g/ha)|Harvest index (%6)
1. PSB 20 g/kg +Sulphur 20 kg/ha 295.00 44.83 7.34 28.97 26.51
2. PSB 20 g/kg + Sulphur 25 kg/ha 296.67 46.78 7.71 29.79 26.30
3. PSB 20 g/kg + Sulphur 30 kg/ha 296.00 46.42 7.63 29.50 26.45
4. Azotobacter 20 g/kg + Sulphur 20 kg/ha 297.33 47.28 7.80 30.32 26.05
5. Azotobacter 20 g/kg + Sulphur 25 kg/ha 294.00 43.78 7.15 28.53 26.60
6. Azotobacter 20 g/kg + Sulphur 30 kg/ha 296.00 45.90 7.54 29.32 26.09
7. |(PSB 20 g + Azotobacter 20 g) + Sulphur 20 kg/ha 294.00 44.46 7.26 28.71 26.45
8. [(PSB 20 g + Azotobacter 20 g) + Sulphur 25 kg/ha 300.33 49.89 8.32 30.91 26.60
9. |(PSB 20 g + Azotobacter 20 g) + Sulphur 30 kg/ha 307.00 50.20 8.56 31.26 26.23
10. Control (RDF): 60:80:60 NPK kg/ha 290.00 42.85 6.90 28.35 26.54
F — Test S S S S NS
SEm (%) 2.77 0.58 11.43 5.80 0.517
CD (p=0.05) 8.23 1.73 35.05 1.08 1.536
Table 2: Effect of sulphur and biofertilizer on growth attributes of Sunflower
s At 80 DAS During 40 — 60 DAS
N6 Treatment combinations Plant Height Dry Weight Crop Growth Relative Growth Rate
' (cm) (gm/plant) Rate (g/m?%day) (g/g/day)
1. PSB 20 g/kg +Sulphur 20 kg/ha 129.15 43.05 6.38 1.148
2. PSB 20 g/kg + Sulphur 25 kg/ha 130.10 45.00 6.52 1.174
3. PSB 20 g/kg + Sulphur 30 kg/ha 129.63 44.64 6.43 1.158
4. Azotobacter 20 g/kg + Sulphur 20 kg/ha 130.18 45.50 6.55 1.179
5. Azotobacter 20 g/kg + Sulphur 25 kg/ha 128.29 42.00 6.04 1.087
6. Azotobacter 20 g/kg + Sulphur 30 kg/ha 130.26 44,12 6.45 1.162
7. | (PSB 20 g + Azotobacter 20 g) + Sulphur 20 kg/ha 128.63 42.68 6.21 1.118
8. | (PSB 20 g + Azotobacter 20 g) + Sulphur 25 kg/ha 131.63 47.78 6.70 1.212
9. | (PSB 20 g + Azotobacter 20 g) + Sulphur 30 kg/ha 135.41 48.09 6.73 1.205
10. Control (RDF): 60:80:60 NPK kg/ha 125.76 41.07 6.06 1.091
F- test S S S NS
S.Em(%) 1.20 0.77 0.14 0.04
CD (p=0.05) 3.57 2.29 0.41 -
Conclusion 2020;24:1-17.
It was concluded that for obtaining higher yield components 2. Amutha R, Karunakaran S, Dhanasekaran S. Isolation and
with better quality of Sunflower application of (PSB 20 g + mass production of Dbiofertilizer (Azotobacter and

Azotobacter 20 g) + Sulphur 30 kg/ha was recorded significantly
higher as compared to other treatments. Since, the finding based
on the research done in one season.
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