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Biodiesel is considered as a potential alternative energy source, but problem exists with the quantity and
quality of feedstock used for it. To improve the feedstock quality of biodiesel, a field experiment was
conducted under natural conditions. Cultivar Thori of kasumbha was used in the experiment.
Commercialized biofertilizers were applied at the rate of 20 kg per acre and chemical fertilizer (diammo-
nium phosphate) was applied as half dose (15 kg/ha). Results indicated that number of leaf plant�1, leaf
area, number of seeds capitulum�1 was significantly increased by biofertilizer treatment alone (BF) and
combine treatment of biofertilizer and chemical fertilizer (BFCF). Agronomic traits such as plant height,
no. of branches of a plant, no. of capitulum/plant was improved significantly by BF treatment over the
control. Maximum 1000 seed weight (41%) and seed yield (23%) were recorded in half dose of chemical
fertilizers treatment (CFH). Seed oil content and seed phenolics were significantly improved by BF and CF
treatments while maximum biodiesel yield was recorded by BF treatment. Maximum oleic acid was
recorded by BF treatment while other fatty acids being maximum in control except linoleic acid in
BFCF treatment. Results for specific gravity were non-significant while acid value and free fatty acid con-
tents were substantially reduced by BF treatment as compared to other treatments. Maximum value of
iodine number was recorded in BFCF treatment while tocopherol contents were improved by BF treat-
ment. It is inferred that biofertilizer treatment alone perform better as compared to other treatments
and 50% chemical fertilizer can be replaced using biofertilizer which is a good approach for sustainable
environmental-friendly agriculture.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Energy is the one of the fundamental aspects for the viable
commodity and responsible for the socio-economic development
of a country (Khan et al., 2019). Energy produced from fossil fuel
will run out soon due to its uncontrollable consumption. Similarly,
change of climate and global warming due to environmental pollu-
tion and greenhouse gases have drastic effects on the productivity
of the crops (Takase et al., 2021). Therefore, it is very important and
need of the day to search the environmental-friendly renewable
and sustainable energy resources in order to reduce the emission
of greenhouse gases and to improve the economy of the country.
It is indispensable to increase the supply of energy by diversifica-
tion of the energy sources and utilizing the biomass from those
sources which have no competition with the conventional food
resources (Mizik and Gyarmati, 2021).

Biodiesel is an alternative energy source that is renewable, sus-
tainable and environmental-friendly. It is one of the promising
alternative fuels which has almost similar properties to that of
petro-diesel (Singh et al., 2021).
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This studywasdesigned to enhance theplant growth, yield, qual-
ity, quantity and antioxidant properties of oil produced fromhighoil
yielding plant kasumbhawith the objective to biodiesel production.
Kasumbha is a drought resistant crop and can also be grown in
drought prone areas and is considered as a good source of oil with
total oil contents of 25–35% (Nosheen et al., 2018). In order to
improve the growth and yield of crops, chemical fertilizers are used,
although chemical/synthetic fertilizers are essential source of nutri-
ents for development and growth of the plant, yet the excessive use
of chemical fertilizers is linked with soil, water and environmental
pollution (Nosheen et al., 2021). In order to cope with these detri-
mental effects, there is a growing interest to find out alternative
ways that are sustainable, cost effective and environmental-
friendly. One such alternative is the use of biofertilizers to reduce
the quantity of chemical/synthetic fertilizers (Nosheen et al.,
2009). The biofertilizers are relatively sustainable and
environmental-friendly that also circulate the nutrients and reduce
the excessive use of chemical/synthetic fertilizers to noticeable
extent (Fasusi et al., 2021). The positive role of biofertilizers on oil-
seed crops has been often stated. Nosheen et al. (2011, 2013)
reported the application of PGPR not only improved the yield but
also the nutritional value of canola oil to a considerable extent.
The current researchwas emphasized on improving the oil contents
and oil quality of a crop with the objective for biodiesel production.
2. Materials and methods

A field experiment was conducted with three replications under
natural conditions having a plot size of 2 � 2 m2. The design used
for the experiment was randomized complete block design (RCBD)
and about 45 cm distance was created between the rows.
Kasumbha cv. Thori seeds were obtained from National
Agricultural Research Centre (NARC). Sterilization of seeds was
carried out with 95% (v/v) ethanol for 3 min and washed with
autoclaved distilled water successively for 3–4 times before sow-
ing. The commercialized biofertilizers containing living organisms
e.g phosphate solubilizing bacteria were mixed with the soil as
20 kg ha�1 to study their effect on plant growth and yield.
Chemical fertilizer used was diammonium phosphate and was
applied as half dose (DAP as 15 kg ha�1). At the time of sowing,
entire amount of DAP fertilizer was mixed with the soil and
irrigations were applied as recommended.

Treatments were C (control treatment was without biofertilizer
and DAP application), BF (Biofertilizers), CFH (treatment with half
dose of Diamonium Phosphate 15 kg/ha) and BFCF (combined
application of biofertilizer and half dose of DAP).

2.1. Sampling and measurements of agronomic traits

Agronomic traits such as leaf area, plant height, no. of branches
and sub-branches plant�1, number of capitulum plant�1 were
recorded. Plants were harvested on maturity when the capitulum
turned brown in color and further work on oil contents, oil extrac-
tion, oil analysis, biodiesel production and oil quality analysis was
carried out.

Leaf area was measured following the method of Ahmed and
Morsy (1999) and following formula was used for the calculation.

Leaf area ¼ 0:53 Length�Widthð Þ þ 1:66
2.2. Oil extraction

Kasumbha seed oil was extracted according to the AOCS Ag
1–65 method (AOCS, 1993) using Soxhlet apparatus in which
hexane was used as a solvent and extraction was carried out at
44
60 �C for 6 h . The seeds were dried in an oven at 50 �C prior to
extraction of oil by Soxhlet apparatus. The 30 g of the ground seeds
was placed in the thimble which was loaded in the main chamber
of Soxhlet extractor. The Soxhlet extractor with ground seeds was
placed onto a solvent containing flask. The solvent used for oil
extraction was n-hexane and the chamber containing desired com-
pound with solvent was filled slowly. Chamber was automatically
emptied by the siphon side arm when the Soxhlet chamber was
almost full. This cycle was repeated multiple times till about 6 h
to complete for each sample. After extraction, hexane was removed
using rotary evaporator.

The oil extracted by Soxhlet apparatus was dried and its weight
was determined. Then seed oil contents were calculated by the fol-
lowing equation

Seed oil contentsð%Þ ¼ Weight of oil ðgÞ
Weight of ground seed used ðgÞ � 100
2.3. Transesterification reaction

Kasumbha oil was preheated over hot plate in order to remove
moisture at a temperature of 120 �C for about 1 h before transes-
terification process. Then kasumbha oil was converted to biodiesel
using NaOH as a catalyst (w/w) at 1: 6 M ratio of oil/methanol. The
temperature was retained at 65 �C during the reaction and contin-
uous stirring was carried out for an hour. Then separating funnel
was used for the cooling and separation of mixture. Upper layer
containing biodiesel was separated and washed and the residual
water was removed by filtering with anhydrous sodium sulphate
(Na2SO3). Methanol present in the biodiesel was removed by rotary
evaporator at 45 �C for 30 min. A yellowish transparent liquid thus
obtained was a pure biodiesel. Calculation for the biodiesel yield
was done through the formula used by Rashid and Anwar (2008).

Biodiesel Yieldð%Þ ¼ Biodiesel produced ðgÞ
Oil used ðgÞ � 100
2.4. Phenolic contents

Phenolic contents of kasumbha seeds were estimated according
to the method of Sadasivam and Manickam (1992) which is called
as Folin-Ciocalteu method. The sample was lyophilized and dis-
solved (0.1 g) in deionized water (1 mL). Then it was mixed with
2.8 mL of deionized water and 2 mL of Na2CO3 (2%) and 0.1 mL
of Folin-Ciocalteau reagent (50% v/v) was added to the mixture,
incubation was carried out for 30 min at room temperature. The
absorbance was measured on spectrophotometer at wavelength
of 750 nm using deionized water as a blank. Gallic acid was used
to plot a standard curve. The data were expressed as mg gallic acid
equivalents (GAE)/100 g lyophilized powder.

2.5. Fatty acid analysis

For fatty acid analysis, the samples were analysed by NIRS
(Nuclear Infrared Spectroscopy) at NIFA (Nuclear Institute of Food
and Agriculture) Oilseed Quality Laboratory, Peshawar.

2.6. Acid value and free fatty acid

Cox and Pearson (1962) method was used for the determination
of acid value. A solution of ethanol:diethylether was prepared in
the ratio of 1:1 (v/v) and oil (0.2 g) was mixed with 2.5 mL of above
solution and then titration was carried out with 0.1 N NaOH.
Indicator used for this analysis was phenolphthalein and then cal-
culations for acid values were made.
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Acid value was multiplied with 0.503 factor for the measure-
ment of kasumbha oil free fatty acid contents.

2.7. Specific gravity

The AOAC (1970) method was used for the determination of
specific gravity of kasumbha oil. The weight of empty specific grav-
ity bottle was measured (A) and filled with 5 mL of oil sample and
weighed again (B). Then specific gravity bottle was filled with 5 mL
water and weighed again (C). The specific gravity of sample was
calculated by the following formula:

Specific Gravity at 30
�
C ¼ ðB - AÞ=C
2.8. Iodine value

The AOAC (1984) standard method was followed for the iodine
value analysis. Oil (0.2 g) was mixed with carbon tetrachloride
solution (15 mL) and then 25 mL Wij’s reagent (0.1 mol/L iodine
monochloride acetic acid solution) was added in the flask. This
mixture was allowed to stand for 2 h at 25 �C in the dark and then
addition of potassium iodide was carried out. Then titration was
done with 0.2 N sodium thiosulphate and starch was used as an
indicator. A blank was prepared by the same procedure and then
iodine value was calculated.

2.9. 1H NMR analysis

For 1H NMR analysis of the kasumbha oil biodiesel, Avan CE
300 MHz spectrometer was used with deuterated chloroform
(CDCl3) as a solvent and internal standard used was tetramethylsi-
lane (TMS).

2.10. Statistical analysis

Data of the experiment was analyzed through Statistix software
and comparison between the treatments was made through Least
Significant Difference (LSD) test of Steel and Torrie (1980) at
P < 0.05.

3. Results

The results indicated that leaf area was significantly increased
(74%) by biofertilizer treatment alone (BF) and combine treatment
of biofertilizer and chemical fertilizer (BFCF) (69%) as compared to
the control (Fig. 1A). The chemical fertilizer treatment alone (CFH)
showed 24% nonsignificant increase in leaf area over control (C).
The treatment BFCF (combined) showed 3% and 29% increase over
BF and CFH treatments respectively while treatment BF showed
26% increase in leaf area over CF treatment.

Maximum number of leaf plant�1 (43%) was recorded by BFCF
treatment which showed significant increase over the control
(Fig. 1B). Treatment BF showed 37% and CFH showed 14% increase
over control. The treatment BFCF showed 19% increase in number
of leaf plant�1 as compared to CFH.

All the treatments significantly improved the plant height over
the control, however, maximum significant increase of 8% was
recorded by BF treatment (Fig. 1C). Similarly, half dose of chemical
fertilizers and combined application of biofertilizer and chemical
fertilizer showed significant increase (6% and 4%) in the plant
height over the control respectively.

Results in Fig. 1D indicated that maximum significant increase
(33%) in number of branches plant�1 was recorded by BF treatment
over that of the control (C). Treatment CFH and BFCF (combined
application of bio-chemical-fertilizers) showed non-significant
45
(16%) increase in the no. of branches as compared to that of the
control.

Number of sub-branches plant�1 was significantly increased by
all the treatments (Fig. 1E), however; maximum significant
increase (96%) was recorded by biofertilizer treatment (BF) when
compared with the control. The CFH and BFCF treatments resulted
in significant increase of 23% and 25% in the number of sub-
branches plant�1 over the control. The percentage increase shown
by BF treatment was 37% over the CF treatment and 36% over the
BFCF treatment respectively.

Fig. 1F showed that all the treatments significantly enhanced
no. of capitulum plant�1, however, maximum significant increase
(160%) was recorded by BF as compared to the control. Similarly,
CFH and BFCF treatment both significantly increased (36 and
65%) the no of capitulum plant�1 over the control. The % increase
shown by BF treatment was 61% over CF and 13.33% over BFCF
treatments respectively.

All the treatments significantly enhanced the no. of seeds capit-
ulum�1 over the control as shown in Fig. 2A, however, maximum
significant increase (70%) was recorded by BFCF treatment. The
biofertilizer and half dose of chemical fertilizer treatments signifi-
cantly increased (32 and 39%) the number of seeds capitulum�1

over the control. The percent increase by BFCF treatment over BF
and CFH was 28 and 22 % respectively.

All the treatments significantly improved the 1000 seed weight
when compared with the control (Fig. 2B). The maximum 1000
seed weight (41%) was recorded by CFH treatment followed by
combine treatment of BFCF (35.4%) as compared to the control.
treatment BF also significantly increased (25%) the 1000 seed
weight over that of the control.

Results indicated that all the treatment showed increase in seed
yield, however, the effect of the treatments was non-significant
when compared with that of the control as shown in Fig. 2C. Max-
imum seed yield (23%) was recorded by the half dose of chemical
fertilizers treatment followed by biofertilizer treatment (17%)
when compared with that of the control. The combined application
of biofertilizer and chemical fertilizer showed 9% non-significant
increase over that of the control.

All the treatments significantly enhanced the oil contents of the
seeds over the control (Fig. 2D). The treatment BF showed maxi-
mum significant increase (12%) in seed oil content followed by
CF treatment (11%) compared to the control. The BFCF treatment
showed 6% increase in seed oil content over control.

Seed phenolics were significantly improved by BF and CF treat-
ments, however, BFCF showed non-significant effect as compared
to the control (Fig. 2E). The maximum (70%) phenolics were
recorded by CF treatment while BF showed 59% increase over the
control. The treatment CFH showed 41% and 7% increase in seed
phenolics as compared to the BFCF and BF treatments respectively.

Results indicated that tocopherol contents were improved by all
the treatments (Fig. 2F). Maximum increase (5%) in tocopherol con-
tents were recorded in BF treatment over the control. Treatments
CF and BFCF also showed significant increase in tocopherol con-
tents over that of the control.

Variations in fatty acid profile by different treatments were
observed (Fig. 3A-D). The results indicated that maximum palmitic
acid contents were found in control treatment while other treat-
ments showed reduction in palmitic acid over the nontreated con-
trol (Fig. 3A). Maximum reduction was observed in BFCF treatment.

Similarly, reduction in stearic acid fatty acid was also recorded
by all treatments over that of the control as shown in Fig. 3B. The
treatment BF showed 19% reduction over control while maximum
reduction (35%) was recorded in BFCF treatment. Chemical fertil-
izer treatment also showed considerable reduction in stearic acid
contents over control.



Fig. 1. Effects of Biofertilizer and chemical fertilizers on (A) leaf area (cm2), (B) no. of leaves/plant�1, (C) plant height, (D) no. of branches plant�1, (E) no. of sub-branches
plant�1, (F) no. of capitulum plants-1of kasumbha. The mean values with different letters are significantly different from each other at P < 0.05 while values which are sharing
letter are non-significant to each other. Symbols used for treatments: C: Control, BF: Biofertilizer, CFH: Half dose of chemical fertilizer, CFBF: Combine application of
biofertilizer and half dose of chemical fertilizers.
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The treatment BFCF showed maximum increase of 4% in linoleic
acid over the control (Fig. 3C). The other two treatments BF and CF
showed non-significant decline in linoleic acid when compared
with the control.

The results in Fig. 3D indicated that oleic acid contents were sig-
nificantly enhanced (16%) by BF treatment when compared with
the control. The magnitude of increase in oleic acid contents
recorded by treatments CF and BFCF was non-significant compared
to the control.

Results in Fig. 4A showed that there was no effect of treatments
on specific gravity of oil. All the treatments were non-significant as
compared to the control and among each other as well.
46
All the treatments reduced the acid value of kasumbha when it
was compared with the control (Fig. 4B). The BF treatment showed
29% significant reduction in acid value while CF treatment showed
non-significant reduction over control. However, BFCF treatment
showed maximum reduction (43%) in acid value.

Decrease in free-fatty-acid of oil was recorded by all treatments
as shown in Fig. 4C; however, maximum reduction of 38% was
resulted in BFCF treated plants oil over the value of control. Other
treatments showed non-significant reduction compared to the
control.

Iodine value of the kasumbha oil was increased by 3% by BFCF
treatment while the iodine value of BF treatment was almost at



Fig. 2. Effects of Biofertilizer and chemical fertilizers on (A) no. of seeds capitulum�1, (B) 1000 Seed weight, (C) seed yield, (D) seed oil content, (E) seed phenolics and (F) total
tocopherol of kasumbha. The mean values with different letters are significantly different from each other at P < 0.05 while values which are sharing letter are non-significant
to each other. Symbols used for treatments: C: Control, BF: Biofertilizer, CFH: Half dose of chemical fertilizer, CFBF: Combine application of biofertilizer and half dose of
chemical fertilizers.
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par to that of the control. Treatment CF showed significant reduc-
tion in iodine value as compared to the control (Fig. 4D).

The maximum biodiesel yield was recorded in BF treatment
that showed 3% significant increase over the control (Fig. 4E).
Chemical fertilizer treatment showed 2% significant increase over
the control while BFCF treatment showed non-significant effect
on biodiesel yield as compared to the control.

Fig. 5 showed the 1HNMR spectra for the yield of biodiesel. The
appearance of signals at 3.659 ppm of methoxy protons indicated
the conversion of kasumbha oil into biodiesel. The BF treatment
showed 99% conversion while CFH showed 98% conversion of
kasumbha oil into biodiesel.
47
4. Discussion

The application of biofertilizer and chemical fertilizers improved
the growth and yield of the kasumbha. The stimulatory effect of
biofertilizer and combine application of biofertilizer and chemical
fertilizer on leaf area and number of leaves/plant might be due to
production of phytohormones by the bacteria which improve the
growth attributes of the plant. Karakurt and Aslantas (2010)
reported the similar results who indicated that growth parameters
like leaf area and contents of pigment fractions in plant seedlings
were increased by bacterial inoculation. The application of biofertil-
izer enhanced the numberof branchesplant�1, plant height, number



Fig. 3. Effects of Biofertilizer and chemical fertilizers on (A) Palmitic acid (%), (B) Stearic Acid (%), (C) Linoleic acid (%), (D) Oleic acid (%) of kasumbha. The mean values with
different letters are significantly different from each other at P < 0.05 while values which are sharing letter are non-significant to each other. Symbols used for treatments: C:
Control, BF: Biofertilizer, CFH: Half dose of chemical fertilizer, CFBF: Combine application of biofertilizer and half dose of chemical fertilizers.
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of sub-branches plant�1, and number of capitulum plant�1 as com-
pared to the control. Increased in growth of plants inoculated with
phosphate solubilizer might be due to the increased phosphate
accumulation and resulted in better growth of roots, which
increased the uptake of water and nutrients to the plants (Yasmin
et al., 2021). The treatments BFCF and CFH resulted in increase in
no. of seeds capitulum�1, 1000 seed weight and seed yield over the
control and treatment BF also have significant effect on the yield
attributes and these findings such as increased in height of plants,
spike/spikelets number, number of tillers, straw and grain yield
and 1000 grain weight were reported by Akhtar et al. (2009) using
PGPR inoculated seeds along with recommended dose of chemical
fertilizers and compost in wheat. Similarly, it has been reported in
a previous study that plant growth, nutrient contents (phosphorus
and nitrogen) and yield were improved by combined application
of PGPR and chemical fertilizers to the plant (Adesemoye et al.,
2009). Increase in the weight of the seeds might be due to the fact
that biofertilizer improved the dry matter accumulation in the seed
weight whereas, the higher seed yield in CFH treatment might be
due to the increase supply of nutrients which improved leaf area,
and number of branches plant�1 and these results were according
to previous studies who described that the usage of phosphorus
and nitrogen fertilizers plus Azospirillum and Azotobacter in com-
bined application in barley resulted inmaximum1000 grainweight
and grain yield when comparedwith that of the control (Mirshekari
et al., 2012).

In the present study, improvement in seed oil contents by BF
and BFCF are in line with the results of Mirzaei et al. (2010) who
48
stated that significantly enhanced in the seed yield and oil contents
of safflower was recorded by the inoculation of Azospirillum and
Azotobacter in addition of half dose of chemical fertilizers.
Nosheen and Bano (2014) reported the similar results that PGPR
inoculation along with urea and DAP application increased 1000-
seed weight, height of the plants, and oil content over the uninoc-
ulated control in safflower. The increase in oil content might be
due to the increase in endogenous level of phytohormones as it
was reported previously by Sharma et al. (2008) that phytohor-
mones played a critical role in seed maturation and accumulation
of seed oil contents in Brassica. Yasmin and Bano (2011) reported
that phosphate solubilizing bacteria not only improved plants
growth of chickpea but also enhanced the level of abscisic acid
and to our understanding, this phytohormone (ABA) might be
involved in the increase of oil contents of an oilseed crop. Another
reason behind the increased oil contents might be the improving
the function of enzymes which are involved in the oil production
by the application of PGPR. It has been reported that
hydroxymethylglutaryl-CoA (Hmgr-CoA) and phytoene desaturase
(crtl) genes isolated from bacteria (E. uredovora) were manipulated
in sunflower resulted in enhanced oil contents and quality of the
plant (Dağüstü et al., 2008).

In the present investigation maximum improvement in seed
phenolics and tocopherol was recorded by BF and CF treatments.
These results confirm the findings of Raj et al. (2005) who stated
that PGPR improved the phenolic contents. Seed phenolics and
tocopherol are the natural antioxidants that improve the oil quality
by increasing the oxidation stability and enhancing the storage



Fig. 4. Effects of Biofertilizer and chemical fertilizers on (A) Specific gravity (g/cm3), (B) Acid value (mgKOH/g), (C) Free Fatty acid contents, (D) Iodine value (gI2/100g) (E)
Biodiesel yield of kasumbha. The mean values with different letters are significantly different from each other at P < 0.05 while values which are sharing letter are non-
significant to each other. Symbols used for treatments: C: Control, BF: Biofertilizer, CFH: Half dose of chemical fertilizer, CFBF: Combine application of biofertilizer and half
dose of chemical fertilizers.
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qualities of kasumbha oil. Siger et al. (2008) demonstrated that
oxidation stability of polyunsaturated fatty acid was increased by
the seed phenolics. Enhancement in the yield of kasumbha biodie-
sel by BF treatment might be due to its noticeable effect on acid
value and free fatty acids of kasumbha. A similar improvement in
yield of biodiesel was reported by Nosheen et al. (2009) in soybean
inoculated with commercialized biofertilizers (Biozote and
Biopower) in comparison with the control. Presence of free fatty
acids in the biodiesel results in soap formation and required higher
quantities of basic catalyst in order to neutralize them. The soap
49
formation resulted in an increase in viscosity and hence formation
of gels that affects reaction and also the separation of glycerol
takes place. Low acid value vegetable oils neutralize the effect of
free fatty acids (Freedman et al., 1984) and also the other factors
can affect the biodiesel yield such as fatty acid silhouette and other
properties of oil.

Results of current study depicted a noteworthy finding that BF
treatment showed higher improvement in the oleic acid contents.
Oleic acid improves the biodiesel properties i-e oxidation stability,
viscosity, cetane number, specific gravity, and cold flow properties



Fig. 5. 1H NMR Spectra for biodiesel yield.
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and is considered as a vital fatty acid to produce biodiesel of better
quality. In the present work, single application of biofertilizers
enhanced the oleic acid contents as compared to that of control.
Present results are in accordance to that of the Choudhury and
Kennedy (2004) that sunflower inoculation with nitrogen fixing
bacteria increased the phosphorus level that influenced the seed
oil content and ultimately altered the proportion of fatty acids (un-
saturated/saturated fatty acids ratio. Similarly, Jha et al. (2007)
explained that after the transformation and functional expression
Azospirillum brasilense ACP in Brassica juncea enhanced the overall
fatty acid profile mainly oleic acid (C18:1) fatty acid. The prime
improvement was observed for oleic acid (C18:1) and linoleic acid
(C18:2) in the seeds with parallel reduction of C22:1 (erucic acid)
which indicated that biofertilizers played a critical role in improv-
ing the oleic acid content in the Brassica seed. According to our
results, CFH took part in enhancing the composition of fatty acid
in term of monounsaturated fatty acid (oleic acid). Nitrogen and
phosphate fertilizers play a very key role in altering the composi-
tion of fatty acid of oil seed crops during the seed development
process which requires N and C skeleton for biosynthesis which
is under genetic control (Texier, 1993). It was reported by
Gopinath et al. (2009) that cetane number of the biodiesel is signif-
icantly influenced by the fatty acid methyl esters. Increase in
unsaturation decreases the cetane number and while increase in
chain length of fatty acid methyl ester increase the cetane number.
Therefore, increase in the degree of unsaturation, decreased the
cetane number of unsaturated fatty acids and vice versa for satu-
rated fatty acids. Oxidation stability is an important indicator of
fuel quality, and it depends upon degree of unsaturation.
Polyunsaturated-fatty-acids are more susceptible to oxidation
and leads to bad biodiesel-storage-properties when compared with
monounsaturated fatty acids (Atabani et al., 2012). Hence, the
application of biofertilizers improved the cetane number and oxi-
dation stability safflower by improving the oil quality which are
variables affecting biodiesel yield and quality significantly.

The oil properties play an important role for good quality bio-
diesel production. An important variable called acid value affect
the biodiesel quality during transesterification process and
strongly need to be monitored (Babderra et al. 2016). The presence
of higher acid contents causes the corrosion of the engine (Atabani
et al., 2012; Dodos et al., 2012). According to the present study, all
the treatments decreased the acid value of kasumbha oil; however,
maximum reduction was brought about by BFCF treatment
followed by BF treatment. Our results confirm the findings of
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Abd El-Gawad et al. (2009) who stated that peroxide and acid value
of canola was decreased by Azotobacter chroococcum and Bacillus
megaterium inoculation as compared to untreated control. It has
been stated by Ullah et al. (2011) that production of phytohormone
by PGPR might decrease the acid value as he indicated that the
treatment of cytokinin reduced the safflower oil acid value.
Bondioli et al. (2002) reported that improved-storage-properties
and oxidation stability of biodiesel can be achieved by lowering
the acid value of vegetable oil and biodiesel. Presence of large
amount of free fatty acids in the oil highly influenced the yield
and quality of biodiesel (Babderra et al. 2016) during base cat-
alyzed transesterification reaction which results in the formation
of soap and eventually leads to the reduction of biodiesel quality
and yield (Demirbas, 2009).

Specific gravity is of paramount importance and basic property
of biodiesel as heating value and cetane number which are the
most important indicator of performance are correlated with it
(Tat and Gerpen, 2000). The results indicated that there is no sig-
nificant effect of treatments on the specific gravity of kasumbha
oil. The increase in specific gravity leads to poor biodiesel quality
and creates problem during the operation process. Tat and
Gerpen (2000) reported that specific gravity is very important vari-
able that is linked with the storage of fuel and transportation.
Increase in specific gravity tends to lower the cetane number
(Evangelos and Giakoumis, 2013).

The CF treatment showed maximum reduction in the iodine
value in the current study while BFCF treatment resulted in higher
iodine value resulting in the formation of deposit, consequently,
cause problems of storage stability of the oil and biodiesel. Iodine
value has a strong correlation with the degree of unsaturation of
fatty acids and strongly affect the biodiesel yield and quality. The
oils with monounsaturated fatty acid have lower iodine value as
compared to the oil with higher polyunsaturated fatty acid (Ibeto
et al., 2012). Iodine value and refractive index are in direct correla-
tion with each other, oxidation stability and quality of oil can be
improved by lowering the value of both variables (Eid et al., 2010).

4.1. Conclusion

It is inferred from the present investigation that biofertilizer
and chemical fertilizers treatments alone significantly improved
the growth and agronomic attributes such as leaf area, plant
height, number of branches plant�1, number of sub-branches
plant�1, number of capitulum plant�1, yield attributes. The com-
bine treatment BFCF also stimulatory effect on the growth and
yield of kasumbha, however its effect was not much pronounced
on some traits. The seed oil contents which play an important role
in improving the oil quantity were significantly improved by BF
treatment. Similarly, maximum biodiesel yield was also recorded
in biofertilizer treatment. The seed phenolics and tocopherols
which are considered as antioxidant were improved by both
biofertilizer treatment. The fatty acid profile in term of increase
in oleic acid and the oil quality were significantly improved by
biofertilizer treatment. It can be concluded that application of
biofertilizer alone impart a very effective role in improving the
growth, yield and oil quality of kasumbha followed by chemical
fertilizer alone as compared when applied as a combine treatment.
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