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ABSTRACT: A trial was executed during Zaid season of 2021, at crop research farm of Department of
Agronomy at Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj with the
objective to study effect of biofertilizers and levels and sources of sulphur on growth, yield and oil content
of sunflower (Helianthus annuus L.) under Randomized block design comprising of 9 treatments, with 2
different levels of sulphur from 2 different sources along with 2 different biofertilizers. The treatment T6
has recorded maximum plant height (134.90 cm) at 80 DAS, RGR of 0.24 g/g/day, highest number of seeds
in capitulum 375.33, test weight (39.20), grain yield (1495.67 kg/ha), stover yield (3255.33 kg/ha). While
highest leaves (23.40) were reported by treatment T₇ and oil content (42.26%). Treatment T8 has recorded
maximum Crop growth rate (3.43) at 20-40 DAS and Harvest index (35.83). Treatment T5 has recorded
maximum dry weight of 13.02g at harvest. Treatment T5 has recorded maximum gross and net return of
160233.33 and 111752.3 INR/ha respectively, while highest B: C ratio (1.4645) was obtained by T8.
Keywords: Sulphur, Biofertilizers, Gypsum, FYM, Growth, Yield, Economics.

INTRODUCTION
Sunflower is one of the most important oilseeds
considered as premium because of its high
polyunsaturated fatty acid (PUFA) content with a high
level of linoleic acid (64%) and absence of linolenic
acid which helps in washing out cholesterol deposition
in the coronary arteries of the heart and thus good for
cardio vascular disease. Contributing for “Yellow
revolution” in oil seeds for self-support in the country
is noteworthy (Mangala 2002). great promise because
after sunflower crop soybean contribute more due to
short lived, high seed multiplication ratio, wider
adaptability, photo-insensitivity, higher water use
efficiency and drought tolerance. In our country this
crop is in an area of 0.48 million hectares. Sunflower
competes in the world oilseed complex, which consists
of soybean, rapeseed, sunflower, palm oil and
cottonseed (Klein Gartner, 1997). In spite of the
cultivation of a number of oilseed crops, the country
meets 50% of its domestic requirements through
import. Low productivity and stock still or decline in
area of production of these oil seeds like groundnut,
rapeseed, and mustard are the key reason which has
caused insufficient carrying capacity. As increase in the
number of the people oil of vegetables is increasing at
the rate of about 4–6% (Agarwal, 2007). To cope up
with the present demand-supply deficit there is
imperative necessitate perking up the productivity.
Only sunflower and rapeseed derive about 75% of their
value from oil.
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Sulphur is the fourth most important nutrient after
Nitrogen, phosphorus and potassium deficiency is
widespread in India (Yadav et al. 2000; Sakal et al.
2001). Sulphur deficiency is observed primarily due to
high crop yield and therefore remove of sulphur highly
in crops and low recommendation of fertilizers
containing sulphur. (Messick, 2003). The uptake of
sulphur by oilseed crops is much like that of
phosphorous. Oil crops require about the same amount
as S as, or more than, phosphorus for high yield and
product quality (Jamal et al. 2010). Sulphur is best
known for its role in the synthesis of cysteine,
methionine, chlorophyll and oil content of oilseed
crops. It is also responsible for the synthesis of certain
oil formation of flavoured compounds. Sulphur
fertilization improves both the quality and quantity of
oilseeds.
An intensive cropping system has depleted the inherent
soil fertility, leading to deficiency of important plant
nutrients which finally causes poor nutrition. Proficient
use of inputs along with ample and impartial fertilizer
use is mandatory for sustainable production. Global
agriculture is facing serious upshot of population
pressure, climatic variations and detrimental
environmental impacts. To subsist on the earth,
enlarged population needs more food. To warrant food
security new-fangled method should be initiated by
sustainable crop production that contribute plenty
nourishment, devoid of harming the agroecosystem
(Panwar and Vijayaluxmi, 2005).
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Biofertilizers have attracted greater attention as a
substitute for costly chemical fertilizers. Biofertilizers
contain living microorganisms that provide eco-friendly
organic agro-input and are more cost-effective than
chemical fertilizers (Amrutha et al., 2014). When
applied to soil or used as seed treatment, they colonize
the rhizosphere i.e., the root zone or the interior part of
the plant which promotes by enhancing the availability
of essential nutrients to the host plant. Through natural
processes like nitrogen fixation and invigorating plant
growth by the amalgamation of growth-promoting
substances to append nutrients (Vessey, 2003).
Biofertilizers are generally applied to the soil, seeds, or
seedlings, with or without some carrier for the
microorganisms, for example, FYM, peat, composts, or
coal (Chand et al., 2006). Azotobacter, and
Azospirillum, can fix atmospheric nitrogen into the soil
and make it available to plant. To a low degree
combination of development support substances viz.,
auxins, gibberellins, cytokinin’s, and vitamins that play
a significant function in the nitrogen cycle in nature,
binding atmospheric nitrogen. Azotobacter has a jampacked array of enzymes essential to execute the
nitrogen fixation: ferredoxin, hydrogenase, and a chief
enzyme nitrogenase (Amutha et al., 2014).
Azospirillum being an associative symbiotic, this
bacterium brings many benefits to many nonleguminous crops like cereals, millets, forage crops, and
vegetable crops. When associate with roots N2 -fixing
capacity is very high. It also increases germination,
vigour in young plants leading to improved crop stands,
root proliferation and this bacterium secretes a vast
group of plant hormones.
MATERIALS AND METHODS
The experiment was carried out during the Zaid season
of 2021 at the CRF of Agronomy department, Sam
Higginbottom University of Agriculture, Technology
and Sciences, Prayagraj, Uttar Pradesh. To assess the
effect of different levels of Sulphur from and
biofertilizers on Growth, Yield and Economics of
Sunflower (Helianthus annus L.). The experiment was

conducted in Randomized complete block design with
treatments containing 9 and with 3 replications.
Treatment combination consisted of two factors, one
with two different biofertilizers i.e., Azotobacter and
Azospirillum and the other with two levels of sulphur
i.e., Sulphur S1: 20 kg/ha, Sulphur S2: 30 kg/ha, Sulphur
from different sources viz., Single super phosphate
(SSP) and Gypsum. The related factors are given in
Table-1. The nutrient sources were Urea, DAP, SSP,
MOP and Gypsum to fulfil the requirement of Nitrogen,
Phosphorus, Potassium and Sulphur. Each treatment
was given nitrogen, phosphorus and potassium
(80:60:400 kg/ha) respectively as per calculation based
on sulphur in SSP. Plant. The recommendations were
followed according to region for protection of crop
without infestation of pests and diseases. Five random
plants were selected and tagged properly in each plot
for recording plant height, number of leaves/plant at an
interval of 20, 40, 60 DAS and at harvest stages of the
crop. To record plant dry weight three random plants
were selected from border rows of each plot. The
harvested crop of plot area (1 m2) was taken and
threshing was carried out by manually for drying. Later
winnowed, cleaned and weighed the grain per net plot
value, the grain yield per ha was computed and
expressed in tonnes per hectare. The data were
computed and analysed by following the statistical
method of Gomez and Gomez (1984). After plots were
prepared. To analyse the various major nutrients the
soil sample was collected from the plots. Nitrogen (N),
phosphorous (P), potassium (K), Organic Carbon (OC),
pH and soluble salts. Sandy loam is the type of soil in
trial field. The pH of the experimental field was 7.4, EC
of 0.30 d/Sm, organic carbon was 0.47%. The N status
of the experimental field was 210 kg/ha, available P
was 11 kg/ha, while available K status was 233 kg/ha.
Yield parameters grain yield kg/ha, straw yield kg/ha,
were recorded as per the standard method. The
monetary parameters like cost of cultivation, gross
returns, net returns, and Benefit: Cost ratios were
worked out as per the standard method.

Table 1: Details of treatment combination.
S. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.

Treatment no.
T1
T2
T3
T4
T5
T6
T7
T8
T9

Treatment combination
20 kg/ha of Sulphur through SSP + Azospirillum
20 kg/ha of Sulphur through SSP + Azotobacter
20kg/ha of Sulphur through gypsum + Azospirillum
20kg/ha of Sulphur through gypsum + Azotobacter
30kg/ha of Sulphur through SSP + Azospirillum
30kg/ha of Sulphur through SSP + Azotobacter
30kg/ha of Sulphur through gypsum + Azospirillum
30kg/ha of Sulphur through gypsum + Azotobacter
Control

RESULTS AND DISSCUSIONS
Growth parameters. At harvest, treatment T6 has
recorded a height plant height of 134.90 cm. However,
the treatments T5, T7, and T8 were found at par to the
maximum. Plant height might have increased with
rising sulphur uptake as it boosts cell multiplication,
elongation and cell expansion all through the whole
Sandhya et al.,

period of crop growth, higher levels of sulphur in
protein & carbohydrate metabolism, activating many
enzymes which persuade shoot length (Kumar et al.,
2011). These findings are in agreement with Wu et al.,
(2005); Gabhiye et al., (2003). At 80 DAS treatment
having T7 has reported the maximal number of
leaves/plants 23.40. While the treatments T5, T6, and T8
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have shared the parity with the maximum.
Ramakrishnan and Selvakumar (2012) report suggest
that biofertilizers can enhance nitrogen absorption by
plants and improves plant mineral concentration

through nitrogen fixation which can lead to enhanced
no. of leaves. Similar findings were observed by
Bhadauria et al. (2005); Gopinathan and Prakash,
(2014); Ravi et al., (2008).

Graph 1: Graph depicting the yield attributes of sunflower

Graph 2: Graph depicting the grain and stover yield of sunflower.

At harvest, treatment T5 has recorded the highest dry
weight of 13.02 g, and the treatments T6, T7, and T8
were found at par to the maximum. Sulphur helps in
better photosynthesis means more dry matter
accumulation as sulphur is a constituent of succinyl CoA, which is involved in chlorophyll in leaves and their
activation
at the
cellular
level
accelerates
chemosynthesis. Biofertilizers not only provide
nitrogen but also produces a variety of growthpromoting substances, among them indole acetic acid,
gibberellins, and B-vitamins this might have helped in
the hike in no. of leaves Wu et al., (2005). These
findings are similar to that of Kavitha (2013); Vaghasia

and kahanpara (2008); Rani et al. (2009); Hussain et al.
(2011); Basavaraju (1999). At harvest, all the
treatments except T2, T4, and T9 have shared the parity
with maximum. The crop fertilized with sulphur
increased the CGR considerably up to 40-60 days stage
which might be because of improved plant vigour due
to efficient photosynthesis, protein, and carbohydrate
metabolism (Kumar et al. 2011). These are in
agreement with the statements of Gashti et al. (2009).
At harvest the treatments T1, T4, T6, and T7 have
recorded the highest relative growth rate of 0.04
g/g/day. The data was presented in Table 2.

Table 2: Effect of biofertilizers and levels and sources of sulphur on growth parameters of sunflower.
S.No.

Treatment no.

Plant height (cm)

No. of leaves/plant

1.
2.
3.
4.
5.
6.
7.
8.
9.

T1
T2
T3
T4
T5
T6
T7
T8
T9
F-test
CD (P=0.05)
SEm±

125.07
126.03
125.53
126.33
131.73
134.90
134.17
133.70
121.80
125.07
125.53
126.03

21.23
21.08
20.87
21.73
22.23
22.77
23.40
22.53
19.57
S
0.49
1.46

Dry weight
(g/plant)
10.80
10.94
10.75
11.12
13.02
12.22
12.38
12.18
10.21
S
0.36
1.07

Crop growth rate
g/m2/day
1.68
1.52
1.72
1.52
1.76
1.75
1.74
1.67
1.41
S
0.06
0.19

Relative growth
rate (g/g/day)
0.04
0.03
0.03
0.04
0.03
0.04
0.04
0.03
0.02
NS
0.01
0.02

*S-Significant at P < 0.05; NS-Non-significant at P > 0.05
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Effect on yield and yield attributes of sunflower:
Maximum no. of seeds/ capitulum was recorded by the
treatment T6 and the treatments T5, T7, and T8 were
found at par to the maximum. The increase in the
number of seeds per head might be due to an increase in
translocation of assimilates from source to sink
Shekavat and shivaay (2009). These findings are similar
to that of Mirche et al. (2016); Gabhiye et al. (2003).
The highest no. of unfilled grains was recorded in
Treatment T9, while the treatments T1 and T3 have
shared the static parity with maximum. Sulphur
application might have increased seed yield of
sunflower owing to an increase in seed filling and thus
decreasing the number of unfilled seeds Shekavat and
shivaay (2009). The highest test weight was recorded in
the treatment T6 of 39.20 g. While the lowest was
recorded with the treatment T9. However, treatments T4,
T5, T7, and T8 were found at par to the maximum.
Increased translocation of photosynthesis to sink might
have increased test weight. These findings are similar to
Intodia and tomar (2004); Kumar and singh (2005). The
treatment T6 has recorded a maximum grain yield of
1495.67 kg/ha while the lowest of 1313.33 kg/ha was
recorded with the treatment T9. The treatments T4, T5,
and T7 were found statistically at par to the
maximum. Sarkar and Mallick (2009) also observed
that sulphur is known to play a vital role in the
formation of amino acids. Higher dry matter

accumulation and better translocation of photosynthates
led to increasing in yield components, which in turn
resulted in an increase in seed yield. Similar findings
were reported by Kacharoo and Kumar (1997); Sharma
and Gupta (2003). Patel et al. (2011) observed that
increased yield may be due to yield is associated with
good inorganic nitrogen utilization with the existence of
biofertilizers which leads to better biological Nitrogen
fixation for improved root development and higher
production of plant growth hormones. Ramakrishnan
and Selvakumar (2012) reported that biofertilizers can
enhance nitrogen absorption by plants and improves
plant mineral concentration through nitrogen fixation
which alters yield in plants. These are in agreement
with the statements of Kloepper et al., (1991);
Balasubramani et al. (1997). The treatment T6 has
recorded the highest stover yield of 3255.33 kg/ha,
while the lowest of 2613.33 kg/ha was recorded by the
treatment T9. The treatment T7 has shared the parity
with the maximum. An increase in stover yield can be
ascribed to the overall improvement in plant organs
associated with faster and uniform vegetative growth of
the crop with sulphur application Solanki & Sharma,
(2016). The highest harvest index was recorded with
treatment T9 of 38.427, while the lowest was recorded
with the treatment T8 of 35.839, while all the treatments
except T6, T7, and T8 have shared the parity with the
maximum.

Table 3: Effect of biofertilizers and levels and sources of sulphur on yield and yield attributes of sunflower.
Sr. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.

T. No.
T1
T2
T3
T4
T5
T6
T7
T8
T9
F-test
CD = (0.05)
SEm±

No. of
seeds/capitulum
339.67
342.83
344.67
346.17
356.47
375.33
361.73
356.23
322.03
S
26.62
8.88

No. of unfilled
grains/capitulum
21.45
20.75
21.98
19.67
17.37
16.20
17.83
17.50
25.23
S
3.70
1.24

Test
weight (g)
36.10
36.40
35.47
37.77
38.33
39.20
38.43
38.30
33.73
S
2.07
0.69

Grain yield
(kg/ha)
1411.33
1404.33
1398.67
1429.33
1457
1495.67
1443
1407.33
1313.33
S
66.64
22.23

Straw yield
(kg/ha)
2890
2935.5
2960.60
3008.67
3052
3255.33
3186.67
3106.67
2613.33
S
118.81
39.63

Harvest
index (%)
37.835
37.50
37.082
37.363
37.574
36.246
35.907
35.839
38.427
S
1.59
0.53

Fig. 1. Land preparation and sowing operation; Spraying operation in sunflower crop at crop research farm,
Department of Agronomy, SHUATS, Prayagraj, during Zaid, 2021.
CONCLUSION

FUTURE SCOPE

Treatment T5 which obtained gross return (160233.3
INR/ha) and net return (111752.3 INR//ha), whereas
highest benefit: cost ratio (1.4645) was obtained by
treatment T8, which may be more preferable for farmers
since it is economically more profitable and hence, can
be recommended to the farmers. As the monetary units
is the supreme importance in the farmer perspective.
Sandhya et al.,

Since findings were based on the one season under
agro-ecological conditions of Prayagraj. So, for
recommendation to the farmers the trail should be
repeated for further.
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