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Sunflower is an important oil crop in India. The present study aims to find out the response of 
biofertilizers and homo-brassinolide on growth, yield and oil content of sunflower (Helianthus annuus 
L.). The results showed that inoculation of biofertilizers significantly affected plant height, total 
chlorophyll content and also significantly increased yield attributes viz., thalamus diameter, weight of 
thalamus, filled seeds capitulum-1 and 1000 seed weight as well as seed yield, biological yield and oil 
content. The combined inoculation of Phosphate solubilizing bacteria (PSB) + Vesicular-arbuscular 
mycorrhizal (VAM) + Azotobacter recorded higher seed yield (3189 and 3263 kg ha-1) over Azotobacter 
(1866 and 2073 kg ha-1), PSB + Azotobacter (2269 and 2421 kg ha-1) and VAM + Azotobacter inoculation 
(2545 and 2752 kg ha-1) respectively, during the both years. Twice sprayings of homo-brassinolide at 
budding + flowering stages significantly recorded higher value of plant height, total chlorophyll content 
and yield parameters as compared to brassinolide spraying at budding stage alone. The maximum seed 
yield (2760 and 2917 kg ha-1) was obtained from crop receiving both spraying of homo-brassinolide at 
budding + flowering stages over only one spraying at budding stage (2171 and 2337 kg ha-1) 
respectively, during 2010-2011 and 2011-2012. 
 
Key words: Azotobacter, brassinolide, phosphate solubilizing bacteria (PSB), Sunflower, vesicular-arbuscular 
mycorrhizal (VAM). 

 
 
INTRODUCTION 
 
Sunflower (Helianthus annuus L.) is one of the most 
important oilseed crops containing high quality edible oil. 
Sunflower kernel has 50% oil content, of which 30% is 
the essential fatty linoleic acid (Oraki et al., 2011). It is 
easily cultivated and grown in different conditions and 
soils (Kaya and Kolsarici, 2011; Lopez-Valdez et al., 
2011). Sunflower oil has excellent nutritional properties 
(Seiler, 2007). Sunflower is one of the fastest growing 

oilseed crops in India popularly known as "Surajmukhi." 
Majority of the present day varieties grown all over the 
world is originated from former USSR. In India, sunflower 
as an oilseed crop was introduced in 1969. Prior to which 
it was used mainly as an ornamental plant. Sunflower oil 
is popular as healthy cooking oil due to its health 
benefits, while the meal is used in animal feed industry 
and  also  being  used  in  the  manufacture  of  soap  and  
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vanishes (Lawal et al., 2011). Among sunflower products, 
meal is the most traded in world market.  

In view of the environmental and health problems 
arising from chemical fertilizers usage, many attentions 
have been drawn to the application of biological fertilizers 
in agriculture. Use of biofertilizers is one of the important 
components of integrated nutrient management, as they 
are cost effective and renewable source of plant nutrients 
to supplement the chemical fertilizers for sustainable 
agriculture. Several microorganisms and their association 
with crop plants are being exploited in the production of 
biofertilizers. Azotobacter has been used as biofertilizer 
because of their positive effects on growth and 
productivity of plants via several mechanisms including 
plant hormones production, nitrogen (N2) fixation, 
antagonism against phytopathogenic microorganisms 
and solubilization of nutrients (Rokhzadi and Toashih, 
2011). 

Phosphorus (P) is one of the most essential plant 
nutrients for plant growth after nitrogen and required for 
higher and sustained productivity of oil from sunflower. 
However, the availability of this nutrient for plants is 
limited by different chemical reactions especially in 
tropical and subtropical soils (Mehrvarz et al., 2008). 
Phosphorus plays a significant role in several 
physiological and biochemical plant activities like 
photosynthesis, transformation of sugar to starch and 
transporting of the genetic characters because 
phosphorus is a vital component of the substances that 
are building blocks of genes and chromosomes. Sharma 
(2002) reported that one of the advantages of feeding the 
plants with phosphorus is to produce deeper and more 
profuse roots. Malakooti (2000) reported that phosphorus 
had an important role in early ripening, decreasing grain 
moisture, improving crop quality. Arpana et al. (2002) 
reported that a large proportion of phosphorus in 
chemical fertilizer becomes unavailable to the crop plants 
after its application in the soil due to its rapid fixation in 
soil. Its influence on seed yield, oil yield and oil quality 
has been well established by Loubser and Human 
(1993), Bahl and Toor (1999), Chandrashekara et al. 
(1995) and Zubillaga et al. (2002); also, application of 
phosphorus has become an essential part of sunflower 
fertilizer program. 

In general, phosphorus is added to soil as inorganic 
phosphates, because the free inorganic P in soil solution 
plays a central role in P-cycling and plant nutrition (Peix 
et al., 2001). However, a large portion of soluble 
inorganic phosphate applied to soil as chemical fertilizer 
is immobilized rapidly after application due to phosphate 
fixation by aluminum, calcium, iron, magnesium and soil 
colloids (Rodriguez and Fraga, 1999) and becomes 
unavailable to plants (Singh and Kapoor, 1994). 
Therefore, P is often a limiting nutrient in agricultural 
soils. Micro-organisms are also involved in a range of 
process that affect the transformation of soil P and thus 
an integral part of the soil P cycle (Chen et al., 2006). 
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In particular, P-solubilizing micro-organisms (bacteria or 
fungi) are able to solubilize unavailable soil P and 
increase the yield of crops (Adesemoye and Kloepper, 
2009). Plant growth-promoting rhizobacteria (PGPR) and 
rhizosphere bacteria are free-living soil organisms that 
can benefit plant growth by different mechanisms (Glick, 
1995). P-solubilization ability of micro-organisms is 
considered to be one of the most important traits 
associated with plant P nutrition (Chen et al., 2006). 
Several bacterial species, in association with plant 
rhizosphere are capable of increasing availability of 
Phosphorus to plants either by mineralization of organic 
phosphate or by solubilization of inorganic phosphate by 
production of acids (Rodriguez and Fraga, 1999). 

Vesicular-arbuscular mycorrhizal (VAM) fungi are 
normally known to benefit plant health, with the net 
benefit to plant increasing as stress increases due to lack 
of nutrient and soil moisture (Bethlenfalvay and Svejcar, 
1991; Sieverding, 1991). VAM fungi contribute greatly to 
phosphorus uptake (George et al., 1992; Smith et al., 
1992) and to nitrogen uptake directly (Azcon-Aguilar et 
al., 1993). Regardless of the actual mechanism involved, 
VAM fungi can increase the efficiency of phosphorus and 
nitrogen removal from the soil solution over that of roots 
alone, which has obvious implications for reducing 
fertilizer inputs and leaching. VAM fungi have also been 
shown to be important in the uptake of other ions, 
including K, S, Mg, Fe, Z, Cu (Cooper, 1984; Sieverding, 
1991). Brassinosteroids (BRs) are naturally occurring 
steroidal plant hormones and their various forms, widely 
distributed in the plant kingdom, have a distinct role in 
stem elongation, pollen tube growth, leaf bending, 
ethylene biosynthesis, and xylem differentiation (Khripach 
et al., 2002). The standing plants supplemented with BRs 
improved the productivity potential of economically 
important crops by activating cell elongation, vascular 
differentiation, and/or proton pump (Rao et al., 2002). 
Plants supplemented with BRs exhibited an increase in 
the activities of carbonic anhydrase and nitrate reductase 
(Hayat et al., 2001; Hayat et al., 2001a), 
phosphoenolpyruvate carboxylase, ribulose-1,5-
bisphosphate carboxylase/oxygenase (Rubisco), and the 
contents of soluble proteins (Braun and Wild, 1984; 
Braun and Wild, 1984a; Yang et al., 1992). BRs treated 
plants also exhibit higher resistance to stress and 
produce more seeds in crop plants (Rao et al., 2002). 
Brassinosteroids (BRs) are regarded essential for the 
normal growth and development of plants (Li and Chory, 
1999). Hence, an experiment was conducted to study the 
response of biofertilizers and homo-brassinolide 
phytohormone on growth, yield and oil content of 
sunflower (H. annuus. L). 
 
 
MATERIALS AND METHODS 
 
A field experiment was conducted during the winter season 
(October to March) of 2010-2011  and  2011-2012  at  farmers  field  
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adjacent to the farm of the Institute of Agriculture (Palli Siksha 
Bhavana), Visva-Bharati, Sriniketan, West Bengal. The place is 
situated at 23°39’ N latitude, 87°42’ E longitude and an elevation of 
58.9 m above mean sea level. The experiment was established in 
sandy loam soil with pH 5.7, low in available nitrogen (130 kg ha-1), 
phosphate (12.50 kg ha-1) and medium in potassium (163.5 kg ha-

1). Seed bed preparation included ploughing, disk harrowing and 
cultivation. Sowing was performed manually. 

The experiment was laid out in factorial randomized block design 
with four types of biofertilizers inoculation (Azotobacter, Phosphate 
solubilizing bacteria (PSB) + Azotobacter, Vesicular arbuscular 
mycorrhizae (VAM) + Azotobacter and Phosphate solubilizing 
bacteria (PSB) + Vesicular arbuscular mycorrhizae (VAM)) + 
Azotobacter and two spraying of homo-brassinolide (HBR) @ 0.5 
ml L-1 of water at 50% budding stage and 50% budding + 50% 
flowering stages. In all, eight treatments were replicated three 
times. Each plot consisted of ten rows, and each row was 5 m long. 
The first and last rows in each plot were considered as marginal 
effects. The seed was inoculated with Azotobacter and PSB by 
slurry method whereas the soil was inoculated with VAM inoculums 
(Manufactured by Symbiotic Sciences, New Delhi). The VAM 
inoculums were placed at the seeding depth of the soil and then 
pre-inoculated seeds were sown according to the treatment. Homo-
brassinolide (DOUBLE) was used according to the treatment. Plots 
were fertilized with the same amount of fertilizer as 80 kg ha-1N, 
100 kg ha-1 P2O5 and100 kg ha-1 K2O but ½th nitrogen fertilizer was 
added before sowing as basal dose and rest amount was added 
before bud formation. 

In the study, “PAC 36” commercial hybrid of oilseed sunflower, 
which had early to medium maturation, high yield potential, 
responsive to higher inputs, more tolerant to diseases and pests, 
higher drought tolerance, more self fertile, superior in their seed 
filling ability and higher adaptation ability, was used as plant 
material. Seeds were sown in rows 45 cm apart and plant to plant 
distance 20 cm, using 5 kg seed ha-1.  

The sunflower plants were harvested by hand, from middle seven 
rows excluding side rows and 1 m from each end of plots at the 
stage of physiological maturation when the back of the head had 
turned from green to yellow and the bracts were turning brown 
(Anonymous, 2005) or fruit dry weight (FDW) has reached its 
maximum value with a water content about 38% (Rondanini et al., 
2007). Plant height and head diameter were determined at 
physiological maturity, by harvesting 10 plants of sunflower per 
experimental unit. Aerial dry matter production was determined at 
45, 60, 75 and 90 DAS, by cutting 5 plants at ground level from 
each plot kept in a hot air oven at 65°C for 48 h till constant weight 
was obtained. The dry weight of plants were recorded and used for 
determination of aerial dry matter production. Heads were 
separated from vegetative parts. Head diameter was estimated for 
distance in cm across the apical head at its widest point. The head 
samples for yield were also dried at 60°C for 48 h in hot air oven to 
get constant weight and threshed mechanically. Seed yield was 
adjusted to a 10% moisture basis. Filled grain and empty hulls were 
separated by hand. Hereafter, grain number per head refers to filled 
grains only. Harvest index was computed by dividing the seed yield 
from the total biological yield and was expressed as percentage. 
The harvest index (HI) was calculated by the formula given by 
Donald (1962). 
 
HI = 

yield Biological

yield Economic

 

x 100 (%) 

 
Seed oil contents were determined using the Soxhlet and Kjeldahl 
method in seed kernel (dehulled). Fully open fresh new leaves were 
clipped from plants of each plot at morning hours and immediately 
brought to the laboratory in a plastic bag for estimation chlorophyll 
content at 30, 45, 60 and 75 DAS. Total chlorophyll content was 
measured adopting the method  of  Hiscox  and  Israelstam  (1979),   

 
 
 
 
using Dimethyl sulfoxide (DMSO). The chlorophyll content was 
determined using the formula given by Arnon (1949) and expressed 
as mg g-1 of fresh leaf. Arnon’s formula estimate total chlorophyll as 
follows. 
 
Total Chlorophyll = [20.2(D645) + 8.02 (D663)] ×V/[1000×W], 
 
Where, D = Absorbance, V = Final volume of DMSO (ml); W = 
Weight of fresh leaf (g) 
 
 
Statistical Analysis 
 
Data collected were subjected to statistical analysis of variance 
according to Gomez and Gomez (1984) using MSTAT computer 
program. 
 
 
RESULTS AND DISCUSSION 
 
Plant height 
 
Effect of biofertilizers and homo-brassinolide on plant 
height at harvest stage of sunflower is presented in Table 
1. The tallest plant height (118.6 and 121.4 cm) was 
recorded with inoculation of PSB + VAM + Azotobacter 
over other biofertilizers treatment during 2010-11 and 
2011-12 seasons, respectively. There was no significant 
difference between the treatments of PSB + Azotobacter 
and VAM + Azotobacter in respect of plant height during 
both years. The dwarf plant height (72.9 and 78.9 cm) 
was obtained from crop receiving Azotobacter alone 
during both years and it was significantly lowest than 
other biofertilizers treatments. The tallest height might be 
due to the strong synergistic effect of PSB + VAM + 
Azotobacter. Inoculations of PSB which are known to 
produce growth hormones like IAA and GA (Sattar and 
Gaur, 1987) are likely to favor increased plant height. The 
results are in conformity with those of Mukherjee and Rai 
(2000). Twice sprayings of homo brassinolide at budding 
+ flowering stages significantly improved plant height as 
compared to one spraying of homo brassinolide at 
budding stage. Increased plant height might be due to 
positive effect of homo-brassinolide on meristamatic 
tissues of plant as well as in increasing number and size 
of cell (Prakash et al., 2008). Similar result was reported 
by Mitchell and Gregory (1972). 
 
 

Aerial biomass production 
 
Data on crop aerial biomass production at different 
growth stages (45, 60, 75 and 90 DAS) are presented in 
Table 1. Scrutiny of records during all the observations 
revealed that the maximum aerial biomass production 
(9.39 to 53.45 g plant-1) of crop was obtained using PSB 
+ VAM + Azotobacter as compared to other treatment or 
treatment combinations irrespective of the growth stages 
during both years. The minimum aerial biomass 
production (4.25 to 23.88 g plant-1) of crop was obtained 
from   the   crop   receiving    Azotobacter    and   it    was 
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Table 1. Plant height and aerial biomass (g plant-1) of Sunflower at different growth stages as influenced by biofertilizers and homo-
brassinolide. 
 

Treatments 
Plant height at harvest 

Aerial biomass (g plant-1) 

45 DAS 60 DAS 75 DAS 90 DAS 

2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 

Bio-fertilizers           
Azotobacter 72.9 78.9 3.87 4.25 11.60 12.40 17.80 18.60 21.85 23.88 
PSB + Azotobacter 95.7 99.2 7.00 7.21 15.62 16.14 25.07 27.27 35.24 39.79 
VAM + Azotobacter 100.5 104.2 7.12 7.55 16.89 17.47 26.12 27.74 36.35 40.51 
PSB+VAM+Azotobacter 118.6 121.4 9.12 9.39 21.80 22.38 33.98 36.17 48.53 53.45 
S.Em± 2.22 1.99 0.17 0.15 0.47 0.48 0.60 0.56 0.78 0.83 
C.D. (P=0.05) 6.75 6.04 0.54 0.46 1.44 1.46 1.81 1.71 2.38 2.52 

           

Homo-brassinolide           
Budding stage 90.4 95.2 6.76 7.04 16.33 17.09 23.92 24.93 32.58 35.49 
budding + flowering stage 103.4 106.7 6.79 7.15 16.62 17.10 27.56 29.95 38.39 43.32 
S.Em ± 1.57 1.40 0.12 0.11 0.33 0.47 0.42 0.40 0.55 0.58 
C.D. (P=0.05) 4.77 4.27 NS NS NS NS 1.28 1.21 1.68 1.78 

 
 
 
significantly lower than other biofertilizers treatment. The 
high response of plant to the PSB + VAM + Azotobacter 
inoculation might be due to solubilization and mobilization 
of available P by the native soil microflora, or attributed 
due to increased PSB and VAM activity in the 
rhizosphere and consequently enhanced P solubilization 
and mobilization. Therefore, increased aerial biomass 
production of crop by PSB + VAM + Azotobacter might be 
due to better development of root systems resulting in 
tapping larger volume of bound soil water and nutrients 
especially phosphorus. This result is in conformity with 
the findings of Mukherjee and Rai (2000). Homo-
brassinolide level exerted significant positive effect on 
aerial biomass production. The maximum aerial biomass 
production was recorded in crop receiving spraying of 
homo-brassinolide at budding + flowering stages at 75 
and 90 DAS over one spraying of homo-brassinolide at 
budding stage. There was no effect of homo-brassinolide 
because it was applied after 60 DAS. Increased aerial 
biomass production of crop with homo-brassinolide might 
be due to higher plant growth as well as more positive 
effect on meristamatic tissues of plant and in increasing 
number and size of cell (Prakash et al., 2008). 
Homobrassinolide (HBR) is one of the bioactive 
brassinosteriods considered as plant hormone with 
pleiotropic effects as they influence on developmental 
processes such as growth (Sasse, 1999). 
 
 
Total chlorophyll content 
 
Data on total chlorophyll content in leaf as affected by 
application of biofertilizers and homo-brassinolide are 
presented in Table 2. Data also indicated that total 
chlorophyll   content   increased   with   advancement    of  

the crop age up to 60 DAS and thereafter marginally 
decreased at 75 DAS. The decrease in the amount of 
chlorophyll contents suggested that the leaves were at 
their senescence stage. During the process of 
senescence, the composition of cell components of the 
leaves are progressively degraded (Erickson, 1968; 
Sinclair et al., 1971; Craig and Shih, 1998). Inoculation of 
crop with PSB + VAM + Azotobacter recorded 
significantly higher total chlorophyll content at 75 DAS. 
This might be due to higher content of nitrogen and 
magnesium which are the core component of chlorophyll 
(Ruiz-Lozano and Azicon, 1995). This finding is generally 
in agreement with the previous finding of Demir et al. 
(2011). Spraying of homo-brassinolide significantly 
influenced total chlorophyll content at 75 DAS. Twice 
spraying of homo-brassinolide at budding + flowering 
stage recorded significantly higher total chlorophyll 
content (1.89 and 1.95 mg g-1 of fresh leaf) as compared 
to one spray of budding stage (1.53 and 1.62 mg g-1 of 
fresh leaf). This might be due to better vigorousness of 
root system with consequent supply of nitrogen from soil. 
It has been evidenced that there is a positive correlation 
between nitrogen and total chlorophyll content. These 
results are in agreement with the findings of Ramraj et al. 
(1997), Vardhini and Rao (1998) and Nakashita et al. 
(2003). 
 
 
100 seed weight 
 
The highest 100 seed weight was obtained with 
inoculation of PSB + VAM+ Azotobacter (Table 3) over 
Azotobacter, PSB + Azotobacter and VAM + Azotobacter 
inoculation. The lowest test weight of 100 seed weight 
recorded  was   obtained   with   Azotobacter   inoculation  
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Table 2. Total chlorophyll content (mg g-1 of fresh leaf) of Sunflower at different growth stages as influenced by biofertilizers and 
homo-brassinolide. 
 

Treatments 
30 DAS 45 DAS 60 DAS 75 DAS 

2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 

Bio-fertilizers         
Azotobacter 1.05 1.07 1.65 1.75 1.94 2.00 1.55 1.58 
PSB + Azotobacter 1.14 1.16 1.73 1.79 1.99 2.07 1.60 1.68 
VAM + Azotobacter 1.21 1.16 1.77 1.86 2.05 2.34 1.78 1.84 
PSB+VAM+Azotobacter 1.30 1.36 2.35 2.16 2.23 2.37 1.93 2.06 
S.Em (±) 0.03 0.02 0.04 0.08 0.04 0.03 0.04 0.04 
C.D. (P=0.05) 0.09 0.06 0.12 0.26 0.13 0.11 0.12 0.12 

         

Homo-brassinolide         
Budding stage 1.17 1.19 1.87 1.81 2.02 2.17 1.53 1.62 
budding + flowering stage 1.18 1.18 1.88 1.96 2.09 2.22 1.89 1.95 
S.Em± 0.02 0.01 0.03 0.06 0.03 0.03 0.02 0.03 
C.D. (P=0.05) NS NS NS NS NS NS 0.07 0.08 

 
 
 
Table 3. Yield components, seed yield, harvest index and oil % of Sunflower at different growth stages as influenced by biofertilizers and 
homo-brassinolide. 
 

Treatment 

100 seed weight 
(g) 

Diameter of 
thalamus (cm) 

Seed yield (kg ha-1) 
Stalk yield (kg 

ha-1) 
Harvest index 

(%) 
Oil % 

2010-
11 

2011-
12 

2010-11 
2011-

12 
2010-

11 
2011-

12 
Pooled 

2010-
11 

2011-
12 

2010-
11 

2011-
12 

2010-
11 

2011-
12 

Bio-fertilizers              
Azotobacter 4.70 4.72 11.20 11.67 1866 2073 1969 5929 6157 25.54 26.79 30.98 32.14 
PSB + Azotobacter 4.87 4.94 12.70 13.48 2264 24.21 2342 6573 6918 27.09 27.32 32.85 33.66 
VAM + Azotobacter 4.97 5.06 13.45 14.17 2545 27.52 2648 6935 7200 28.21 29.02 34.17 34.99 
PSB+VAM+Azotobacter 5.33 5.44 15.25 16.00 3189 32.63 3225 7582 7544 30.90 31.52 36.52 37.84 
S.Em± 0.05 0.06 0.34 0.35 65 59 44 99 107 0.54 0.33 0.44 0.29 
C.D.(P=0.05) 0.16 0.18 1.03 1.08 197 181 127 300 324 1.64 1.00 1.35 0.90 

              

Homo-brassinolide              
Budding stage 4.76 4.86 11.93 12.85 2171 2337 22.54 6434 6634 26.62 27.47 32.74 33.44 
budding + flowering 
stage 

5.16 5.21 14.36 14.80 2760 2917 28.38 7074 7275 29.24 29.85 34.51 35.87 

S.Em± 0.04 0.04 0.24 0.25 45 42 31 70 75 0.38 0.23 0.31 0.21 
C.D.(P=0.05) 0.11 0.12 0.72 0.76 139 128 89 212 229 1.16 0.71 0.95 0.64 
 
 
 
alone. These results are in agreement with the previous 
findings of Barea et al. (1975). Twice spraying of homo-
brassinolide at budding + flowering stage recorded a 
significant highest 100 seed weight as compared to one 
spraying of homo-brassinolide at budding stage. The 
results are in conformity with those of Mitchell and 
Gregory (1972). 
 
 
Diameter of thalamus 
 
Diameter    of   thalamus    recorded    was     significantly  

influenced by the combined inoculation of PSB + VAM + 
Azotobacter (Table 3) as compared to Azotobacter, PSB 
+ Azotobacter and VAM + Azotobacter inoculation. The 
high response of plant to the PSB + VAM+ Azotobacter 
inoculation might be due to mobilization of available P by 
the native soil microflora, or attributed to increased 
phosphate solubilizing bacteria activity in the rhizosphere 
following PSB + VAM + Azotobacter application and 
consequently by enhanced P solubilization. For these 
reasons, it enhanced P uptake by the crops and an 
increased thalamus diameter ultimately leading to higher 
seed yields. Similar result was  reported  by  Barea  et  al.  



 
 
 
 
(1975). Spraying of homo-brassinolide at budding + 
flowering stage was significantly highest in diameter of 
thalamus as compared to one spray at budding stage. 
The results are in conformity with those of Mitchell and 
Gregory (1972). 
 
 
Seed yield 
 
Inoculation of PSB + VAM + Azotobacter showed 
significant effect on seed yield (Table 3) as compared to 
Azotobacter, PSB + Azotobacter and VAM + Azotobacter 
inoculation. The result of pooled analysis showed that 
combined inoculation of PSB + VAM resulted in 63.78, 
37.70 and 21.79% higher seed yield over Azotobacter, 
PSB + Azotobacter and VAM + Azotobacter inoculation, 
respectively. This increase in yield parameters by PSB + 
VAM + Azotobacter inoculation might be due to increase 
in phosphorus and nitrogen availability, roots, relative 
water content, root biomass, nodule number and dry 
weight that could be ascribed to a better translocation of 
photosynthates towards yield attributes and yield. 
Photosynthesis generates the high energy sugars. 
Increased availability of phosphorus provides the 
mechanism for energy storage in the form of ATP and the 
transfer of that energy source to fuel vital plant functions 
such as N fixation. Rose (1957) recorded similar findings. 
The phosphate solubilizing bacteria is known to produce 
vitamins (Baya et al., 1981) and IAA- and GA-like growth 
substance (Satter and Gaur, 1987). The result is in 
conformity with those of Jones and Sreenivas (1993). 
Spraying of homo-brassinolide at budding + flowering 
stage was significant as compared to one spraying at 
budding stage. The result of pooled analysis showed that 
two spraying of homo-brassinolide increased 25.90% 
higher seed yield as compared to one spraying. The 
increase in yield might be due to the higher 
photochemical efficiency in terms of hill reaction, and CO2 

intake in twice spraying of homo-brassinolide may be 
attributed to increased accumulation of photosynthetic 
pigments particularly chlorophyll and higher soluble 
protein content. The results are in conformity with those 
of Nayak and Murthy (1980) and Chowdhary et al. 
(1994). 
 
 
Stalk yield  
 
Inoculation of PSB + VAM + Azotobacter recorded 
significantly higher stalk yield as compared to 
Azotobacter, PSB + Azotobacter and VAM + Azotobacter 
inoculation (Table 3). This increase in stalk yield by PSB 
+ VAM + Azotobacter inoculation might be due to better 
growth of the plants. Shinde (1990) and Yadav and 
Shrivastava (1997) recorded similar findings. Twice 
spraying of homo-brassinolide at budding + flowering 
stage produced significantly higher  stalk  yield  over  one  
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spraying of homo-brassinolide at budding stage. The 
result is in conformity with those of Meudt et al. (1983). 
 
 

Harvest index 
 
The maximum harvest index was recorded with the 
combined inoculation of PSB + VAM + Azotobacter 
(Table 3) followed by Azotobacter + VAM, PSB + VAM 
and Azotobacter. The minimum harvest index was 
obtained from the crop receiving only Azotobacter, PSB + 
Azotobacter and VAM + Azotobacter inoculation. The 
higher harvest index might be due to better yield with 
PSB + VAM + Azotobacter. Similar type of result was 
previously reported by Barea et al. (1975). Spraying of 
homo-brassinolide at budding + flowering stage showed 
significant highest harvest index as compared to one 
spray at budding stage. The results are in conformity with 
those of Mitchell and Gregory (1972). 
 
 
Oil content (%) 
 
Combined inoculation of PSB + VAM + Azotobacter  
recorded significantly higher oil content over Azotobacter 
+ VAM, PSB + VAM and Azotobacter. Our results were 
similar to the findings of Patra et al. (2013). The spraying 
of homo-brassinolide at budding + flowering stage 
recorded maximum oil content whereas Azotobacter 
recorded minimum oil content in seed The increase in oil 
content might be due to spraying of homo-brassinolide 
which was in consonance with the findings of Mai et al. 
(1989) and Prakash et al. (2008) in rice and sesame 
respectively. The increase in oil content might be due to 
increase in morphological, physiological and biochemical 
parameters (Prakash et al., 2008). 
 
 
Correlation studies 
 
Looking at the correlation coefficients in Table 4, a 
significant positive correlation was noted between seed 
yield and test weight during both years of experiment. 
There was also a positive relationship between seed yield 
and chlorophyll content. Sharafai et al. (2006) reported 
positive and significant relation between grain yield and 
100-grain weight in maize. Thus, correlation studies 
showed that seed yield was positively and significantly 
correlated with test weight and total chlorophyll content at 
different stages of crop growth during both years of 
experiment. 
 
 
Relationship between yield parameter and seed yield 
 
Head diameter, head weight and number of filled seed 
head-1 showed significant positive association with seed 
yield during both years (Figures 1 and 2). The increase in 
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Table 4. Simple correlation coefficient for seed yield and test weight and total chlorophyll content in sunflower during 2010 to 2012. 
 

Characters Years Seed yield (Y) 
Test weight 

(X1) 
Total chlorophyll content 

at 30 DAS (X2) 
Total chlorophyll content 

at 45 DAS (X3) 
Total chlorophyll 

content at 60 DAS (X4) 
Total chlorophyll 

content at 75 DAS (X5) 

Y 
2010-11 1.000 0.882** 0.757** 0.709** 0.661** 0.855** 
2011-12 1.000 0.868** 0.655** 0.726** 0.700** 0.910** 

        

(X1) 
2010-11  1.000 0.511 0.578 0.693** 0.848** 
2011-12  1.000 0.756** 0.675** 0.669** 0.881** 

        

(X2) 
2010-11   1.000 0.740** 0.397 0.476 
2011-12   1.000 0.711** 0.581 0.636** 

        

(X3) 
2010-11    1.000 0.499 0.510 
2011-12    1.000 0.404 0.734** 

        

(X4) 
2010-11     1.000 0.556 
2011-12     1.000 0.695** 

        

(X5) 
2010-11      1.000 
2011-12      1.000 

 

**Significant at P=0.01 levels. 
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Figure 1. Relationship between (a) head diameter (cm), (b) head weight (g) and (c) number of filled seed head-1 with seed yield (q ha-1). 
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Figure 2. Relationship between (d) head diameter (cm), (e) head weight (g) and (f) number of filled seed head-1 with seed yield (q ha-1). 
 
 
 
seed yield with increasing head diameter, head weight 
and number of filled seed head-1 was linear in fashion. 
Head diameter accounted for 75% variability in seed yield 
during 2010-11 and 86% variability in seed yield during 
2011-12. Similarly, head weight accounted for 76% 
variability in seed yield during 2010-11 and 85% 
variability in seed yield during 2011-12. On the other 
hand, number of filled seed head-1 accounted for 85% 
variability in seed yield during 2010-11 and 84% 
variability in seed yield during 2011-12. Hence, 
increasing head diameter, head weight and number of 
filled seed head-1 has direct effect on increasing the seed 
yield of sunflower. 
 
 
Conclusion 
 
The maximum plant height, aerial biomass production, 
chlorophyll content, 100 seed weight, diameter of 
thalamus, seed yield, stalk yield, harvest index and oil 
content were obtained with inoculation of PSB + VAM + 
Azotobacter. On the other hand, twice spraying of homo-
brassinolide at 50% budding initiation + 50% flowering 
stages also recorded maximum aerial biomass 
production, chlorophyll content, 100 seed weight, 
diameter of thalamus, seed yield, stalk yield, harvest 
index and oil. The result indicated the importance of 
adopting suitable combination of biofertilizers and 
spraying of homo-brassinolide in this experiment lateritic 
soil. Thus, the appropriate combination of biofertilizers 
and homo-brassinolide can increase seed yield and 
improve oil content in sunflower. 
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