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Abstract

Ten CMS lines and three R lines were crossed using a line x tester mating design to assess the combining ability for yield and component
characters in sunflower (Helianthus annuus L.). Fourier Transform Infrared Spectroscopy (FTIR), fatty acid profiling and protein content
analysis of thirty developed hybrids and their parents were conducted to identify and estimate the relative amounts of various bioactive
compounds in sunflower. The analysis of variance showed significant variation among lines as well as testers for all the traits under study
indicating presence of substantial genetic variation. The line CMS-519 was observed as good general combiner for plant height, head
diameter, stem diameter, number of leaves/plants, seed yield/plant, biological yield/plant, where as CMS-240 was good general combiner
for oil content and volume weight. Among the testers GP4-1424 was identified as a good general combiner for most traits. Among the
hybrids, CMS-519 x GP4-1424 exhibited the highest specific combining ability (SCA) for plant height, head diameter, stem diameter,
biological yield per plant and seed filling percentage. The cross CMS-207 x RHA-1-1 and CMS-243 x GP4-1424 showed highest SCA for seed
yield and oil content respectively. Fatty acid composition analysis revealed that the hybrids were rich in unsaturated fatty acids,
particularly oleic and linoleic acids. FTIR analysis confirmed the presence of functional groups such as =C-H, -C-H (CHs), -C-H (CH), -C=0
(ester), -C-0, -(CH,) n-. Crosses such as CMS-240 x |IR-6, CMS-243 x GP4-1424, HA-89 x IR-6 and CMS-519 x GP4-1424 were superior in terms of
both oil yield and protein content.

Introduction for the nutritional quality of sunflower oil. The remaining fatty
acids are palmitic (C16:0) and stearic acid (C18:0). The interest
in polyunsaturated fatty acids of plant origin increased
following the publication of the WHO guidelines (2023) (4) on
the potential adverse effects of certain fats and oils on human
health. Many studies have been conducted to ascertain the
impact of the various fatty acids on the diet on human health.
Fatty acids have historically been linked to cardiovascular
disease, but it is now known that they also affect several other
illnesses, including cancer, inflammatory conditions and
metabolic disorders like type 2 diabetes (5).

Sunflower is one of the most important oilseed crops grown
throughout the world as a source of premium oil and dietary
fibre that significantly contributes to human health (1). Due to
the ever-increasing human population, the demand for
sunflower oil and by-products has also increased and to meet
the demand, there is a need to intensify efforts to expand
sunflower output (2). Common sunflower (Helianthus annuus
L.) cultivars exhibit limited genetic variation. This is largely due
to hybrid breeding programs relying on a relatively narrow
genetic base. Modern sunflower breeding programs are
directed towards improving high yield traits combined with Sunflower oil is mostly composed of oleic acid, a mono-
resistance to abiotic and biotic stress. Hybridization and saturated fat and linoleic acid, a polyunsaturated fat. Sunflower
introgression breeding have been of paramount significance in il contains approximately 5 % palmitic acid, 6 % stearic acid,
the exploration and utilization of wild germplasm for the 30 % oleic acid (monounsaturated omega-9) and 59 % linoleic
genetic enhancement of sunflower (3). acid (polyunsaturated omega-6) (6).

The high percentage of C:18 fatty acids, specifically The main concern Of_ the oil p'rocess.ing inc.:lu§try and
linoleic (18:2) and oleic acid (18:1), which together account for ~ consumers is the adulteration of edible oils. This involves
approximately 90 % of the total fatty acid content, is the reason substitution with cheaper oils such as palm oil and addition
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of non-edible oils such as mineral oil. Fourier Transform
Infrared Spectroscopy (FTIR), one of the well-known vibrational
spectroscopies, has emerged as a viable method for detecting
edible oil adulteration in recent years. For both qualitative and
quantitative research on edible oil adulteration, it is an
extremely sensitive and dependable analytical technique. It
offers a quick, safe and non-destructive alternative with
minimal sample preparation and no use of hazardous reagents
(7).

This study aims to identify heterotic hybrids based on
their combining ability studies and to carryout FTIR spectra
analysis, fatty acid profiling and protein content estimation of
heterotic hybrids.

Materials and Methods

The experimental material comprised 30 hybrids developed
using line x tester mating design, along with their parents (10
CMS lines and 3 restorer lines) and 3 check varieties. All 46
genotypes were grown in randomized block design (RBD) with
three replications at the (EB Il) research plot of the Department
of Plant Breeding and Genetics, Odisha University of
Agriculture & Technology, Bhubaneswar during the rabi 2023
season. The crop was raised under protective irrigation with
recommended agronomic practices such as thinning at 15
days after sowing, weeding, top dressing and earthing up and
plant protection measures includes spraying of imidacloprid.

Data on 12 quantitative characters were recorded from
five competitive plants per replication. These included: days to
50 % flowering, days to maturity, plant height (cm), head
diameter (cm), stem diameter (mm), number of leaves per plant,
seed yield per plant (g), biological yield per plant (g), seed filling
percentage, hulling percentage, volume weight (g), 100- achene
weight (g). Plot yield was recorded from all the plants in the plot.
Harvest index was calculated using the formula (Yield of
harvested product / Total above-ground biomass). Oil content
and fatty acid profiling were carried out at Indian institute of
Oilseeds Research (lIOR) using nuclear magnetic resonance
spectroscopy (8). The protein content was determined using
Kjeldahl method in the laboratory of Department of Soil Science
and Agricultural Chemistry. FTIR analysis was carried out at the
Central Laboratory of OUAT.

Statistical analysis

The means of the data recorded from five plants were
subjected to statistical analyses. Line x Tester analysis was
carried out (9) to study the nature of gene action and
combining ability of the parents and crosses. Statistical
analysis of line x tester was analysed using R-software with
significant levels of "p <0.05, “p <0.01. FTIR graphs were made
using the Origin software.

Results and Discussion
Per se performance

The per se performance is the primary criteria in selecting
superior hybrids. The average performance of crosses and
parents (lines and testers) is shown in Table 1. Most traits
exhibited considerable variation in mean performance
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between parents and their hybrids. Of all the lines PET-2-7
had shown superior performance for days to 50 % flowering
(55 days) and days to maturity (83 days), CMS-519 had
performed better for plant height (149.53 cm) and biological
yield per plant (119.53 g). CMS-852A had shown superior
performance for the traits like head diameter (22.87 cm) and
stem diameter (16.82 mm). The line CMS-207 has shown
superior performance for number of leaves per plant (23.20),
seed filling percentage (94.67 %) and 100- achene weight
(6.85 g), whereas the line CMS-240 has shown superior
performance for volume weight (42.71 g) and oil content
(40.78 %). The line HA-89 and CMS-243 were found superior
for hulling percentage (25.84 %) and for harvest index (44.08)
respectively. The line CMS-2A had shown superior
performance with respect to seed yield (45.87 g), oil yield
(943.42 g/ha) and plot yield (25.48 g/ha). Among testers, GP4-
1424 was found superior for almost all the traits including oil
yield (693.71 g/ha). RHA-1-1 has shown superior performance
for days to 50 % flowering (59.33 days) and days to maturity
(87.33 days). IR-6 has shown superior performance for harvest
index (42.43) and volume weight (47.93 g). Among crosses
CMS-519 x GP4-1424 had shown superior performance for
most of traits i.e. plant height (188.93 cm), head diameter
(29.20 cm), stem diameter (21.55 mm), number of leaves/
plant (28.00), seed yield/plant (63.63 g), biological yield/plant
(191.80 g) and plot yield (35.35 g/ha). CMS-2A x GP4-1424 had
shown superior performance regarding days to 50 %
flowering (55.67 days) and days to maturity (80.00days),
whereas CMS-852A x IR-6 had performed better for seed
filling percentage (96.67 %). Cross between COSF-7A x GP4-
1424 had performed better for hulling percentage (32.26 %),
cross CMS-240 x IR-6 had shown superior performance for
volume weight (48.84 g) and oil yield (1320.68 g/ha). Cross
CMS-243 x GP4-1424 had performed better with respect to
100- achene weight (9.00 g). Cross CMS-240 x GP4-1424 had
shown superior performance regarding oil content (44.31 %).

Analysis of variance for combining ability

The analyses of variances (Table 2) revealed significant
difference among parents for all the traits, whereas significant
differences were observed among crosses for all the traits
except for hulling percentage. Among lines differences were
observed for traits like days to 50 % flowering, days to
maturity, stem diameter, hulling %, volume weight and oil
content. The significant differences were observed for traits
like days to 50 % flowering, days to maturity, stem diameter,
hulling %, volume weight, 100- achene weight and oil content
among the testers. Mean sum of squares for line x testers were
significant for all the traits except for hulling %. The above
results suggested that ample variation was present. Also, the
significance with respect to effects of parents’ vs. crosses
indicated the presence of heterosis among cross combination.
Several workers have reported significant differences among
lines, testers as well as line x tester interactions for yield and
contributing traits and these traits can be subjected to
heterosis breeding (10, 11).

Combining ability and gene action

The general combining ability of parents is presented in Table
3. Line CMS-519 recorded good general combining ability for
plant height (12.962), head diameter (2.512), stem diameter
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(2.977), number of leaves per plant (2.218), seed yield per
plant (8.204) and biological yield per plant (27.75). Line PET-2-
7 recorded good combining ability for days to 50 % flowering
(-2.778), maturity (-2.944) and harvest index (4.731). Line CMS-
240 recorded good combining ability for hulling percentage (-
2.889), volume weight (4.436) and oil content (3.205). Lines
CMS-852A and CMS-243 recorded good combining ability for
seed filling percentage (2.956) and 100- achene weight
(1.049). Regarding testers, GP4-1424 exhibited good general
combining ability (GCA) for days to 50 % flowering (-1.111),
maturity (-1.322), plant height (3.738), head diameter (0.197),
stem diameter (0.715), hulling percentage (-0.972) and oil
content (2.16). In addition, IR-6 recorded good general
combining ability for number of leaves per plant (0.429), seed
yield per plant (2.503), biological yield per plant (4.804),
volume weight (1.404) and plot yield (1.391). Tester RHA-1-1
recorded good combining ability for seed filling percentage
(1.611), harvest index (2.062) and 100- achene weight (0.455).
Thus, lines CMS-519, PET-2-7, CMS-240 and testers GP4-1424
and IR-6 were deemed superior for seed yield and component
traits while considering the effects of general combining
ability. In some traits, the GCA of parents did not align with
their per se performance, indicating that selection should rely
primarily on GCA rather than observed values alone.

The hybrids' specific combining ability (SCA) is shown in
Table 4. Of all the hybrids, two hybrids (CMS-519 x RHA-1-1 and
CMS-2A x GP4-1424) recorded negative and significant SCA
values for days to 50 % flowering and 3 hybrids (CMS-240 x RHA
-1-1, CMS-519 x RHA-1-1 and CMS-2A x GP4-1424) for days to
maturity as negative values indicated less days for maturity
which is desirable. Among the 30 hybrids evaluated, four
showed significant SCA for plant height, six for head diameter,
three for stem diameter, six for number of leaves per plant, five
for seed yield per plant, plot yield and harvest index, nine for
biological yield per plant, eight for seed filling percentage, only
one (CMS-243 x GP4-1424) for volume weight and oil content,
three for 100- achene weight. No hybrid exhibited significant
SCA effects for hulling percentage. CMS-519 x IR-6 reported
non-significant SCA among the hybrids produced utilizing
good general combiners for seed yield, suggesting that the
gene action engaged in this cross may be attributable to an
additive kind of gene action, while CMS-519 x GP4-1424
recorded positive and significant SCA indicating the presence
of non- additive type of gene action. Regarding oil content the
hybrids generated using the good general combiners, CMS-240
x GP4-1424 recorded non-significant SCA indicating the
presence of additive type of gene action. The GCA variance and
SCA variance was found to be equal for days to 50 % flowering
indicating that equal contribution of both additive and
dominance variances (Table 5). This indicates that both
selection (for additive effects) and hybridization (for non-
additive effects) are viable breeding strategies. Regarding all
other traits except volume weight and oil content the ratio of
GCA variance to SCA variance was found to be less than unity
indicating the pre ponderance of non-additive gene action. For
volume weight and oil content, the GCA variance and SCA
variance ratio were found to be greater than unity indicating
the presence of additive type of gene action. These results are
consistent with earlier reports (10-15).

FTIR spectral studies

Fourier transform infrared (FTIR) is one of the important
analytical techniques for researchers. This type of analysis
can be used for characterizing samples in the forms of liquids,
solutions, pastes, powders, films, fibres and gases. This
analysis is also possible for analysing material on the surfaces
of substrate (16). Compared to other types of characterization
analysis, FTIR is quite popular. It is quite rapid, good in
accuracy and relatively sensitive (17).

In the FTIR analysis, samples were subjected to
contact with infrared (IR) radiation. The particular absorption
and/or transmission of energy is the outcome of the IR
radiations' effects on a molecule's atomic vibrations in the
sample. Because of this, the FTIR can be used to identify
certain chemical vibrations in the material (18).

FTIR spectra of all the 46 samples (30 hybrids, 13
parents and 3 checks) recorded (Fig. 1a-1le) in the wave
number range of 4000 cm™ - 500 cm™ revealed highly similar
pattern of peaks with minor differences. Their characteristics
bands are presented in Table 6. Similar results have been
reported (19-23).

Fatty acid profiling

As essential fatty acids are not produced by the body and
directly affect human health, vegetable oils with a high
proportion of unsaturated fatty acids can be categorized as
such (24). About 85 % of the fatty acids in regular sunflower
oil are unsaturated and 15 % are saturated. About 44-75 % of
unsaturated fatty acids are linoleic acid and about 14-43 %
are oleic acid (25). The fatty acid profiling along with protein
content of all the parents, checks and nine promising hybrids
(high oil yielders) which includes HA-89 x IR-6, CMS-240 x IR-6,
COSF-7A x RHA-1-1, CMS-207 x RHA-1-1, CMS-243 x GP4-1424,
CMS-243 x IR-6, COSF-6A x GP4-1424, CMS-519 x GP4-1424
and CMS-519 x IR-6 is presented in Table 7.

Palmitic acid (%)

The overall range of palmitic acid was 4.85 % to 9.88 %
among all the genotypes. Low levels of palmitic acid (16:0)
are considered favorable for health, as a reduced saturated
fatty acid content in oil is desirable. Among the parents, the
palmitic acid ranged from 5.44 % to 9.88 %. The lowest
palmitic acid percentage was observed in IR-6 (5.44 %) and
the highest was observed in CMS2A (9.88 %). Among the three
checks, KBSH-78 has shown the lowest palmitic acid
percentage with the value of 4.85 % and the highest was
shown by KBSH-44 with the value of 7.6 %. Among the
selected hybrids, the palmitic acid ranged from 6.64 % to 9.65
%. Lowest palmitic acid was observed in HA-89 x IR-6 (6.64 %)
and the highest was observed in CMS-243 x IR-6 with the
value of 9.65 %.

Stearic acid (%)

Stearic acid (%) is also type saturated fatty acid. A lower level
of saturated fatty acids in sunflower oil is preferred; therefore,
a low percentage of stearic acid is desirable. The overall
range of stearic acid was 1.72 % to 4.03 %. Among the
parents, the stearic acid ranged from 1.72 % to 4.03 %. The
lowest stearic acid percentage was observed in PET-2-7 (1.72
%) and the highest was observed in HA 89 (4.03 %). Among
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Fig. 1a. FTIR overlay spectra of 13 parents used in the study. Parents: COSF-6A, CMS-2A, CMS-519, CMS-243, CMS-207, GP4-1424, CMS-240, PET
-2-7, COSF-TA, CMS-852A, RHA-1-1, HA-89 and IR-6.
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Fig. 1b. FTIR overlay spectra of crosses (Cross 1-10) used in the study. Crosses: CMS-2A x GP4-1424, CMS-207 x |R-6, HA-89 x RHA-1-1, CMS-852A
x GP4-1424, CMS-240 x GP4-1424, PET-2-7 x IR-6, CMS-243 x RHA-1-1, PET-2-7 x GP4-1424, COSF-6A x IR-6 and HA-89 x IR-6.
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Fig. 1c. FTIR overlay spectra of crosses (Cross 11-20) used in the study. Crosses: CMS-852A x RHA-1-1, CMS-240 x IR-6, CMS-207 x GP4-1424,
COSF-7A x RHA-1-1, CMS-2A x IR-6, CMS-207 x RHA-1-1, CMS-243 x GP4-1424, COSF-7A x IR-6, CMS-243 x IR-6 and COSF-6A x GP4-1424.
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Fig. 1d. FTIR overlay spectra of crosses (Cross 21-30) used in the study. Crosses: COSF-6A x RHA-1-1, COSF-7A x GP4-1424, CMS-852A x IR-6, CMS
-240 x RHA-1-1, CMS-519 x GP4-1424, HA-89 x GP4-1424, CMS-519 x RHA-1-1, CMS-519 x IR-6, PET-2-7 x RHA-1-1 and CMS-2A x RHA-1-1.
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Fig. 1e. FTIR overlay spectra of checks. Checks: KBSH-78, DRS1 and KBSH-44.

Table 6. Characteristic bands of FTIR spectroscopy

S. No. Wavenumber (cm™) Type of Vibration Functional group

1 3008 Asymmetric stretching vibration =C-H

2 2923.50 Symmetric stretching vibration -C-H (CHs)

3 2854 Asymmetric stretching vibration -C-H (CH;

4 1744 Stretching vibration -C=0 (ester)

5 1461 Scissoring bending vibration -C-H (CHy)

6 1378 Symmetric bending vibration -C-H (CHs)

7 1240, 1160 and 1092 Stretching vibration -C-0

8 721 Rocking vibration -(CH2) n-

https://plantsciencetoday.online
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Table 7. Fatty acid profiling and protein content of parents, checks and promising hybrids

Saturated fatty acids Unsaturated fatty acids Crude
Sho- Gemobpe  Palmiticadd  stearicadd  gueicacia(cag)  UMOIEICATd  gug ratio ofLratio (og)

1 CMS-852 5.88 1.84 46.68 45.61 0.08 1.02 25.48
2 CMS-240 7.89 2.32 52.85 36.94 0.11 1.43 21.67
3 CMS-519 8.03 2.59 46.91 42.47 0.12 1.10 27.88
4 COSF-7A 6.73 3.08 48.21 41.98 0.11 1.15 28.96
5 CMS-2A 9.88 3.15 42.49 44.49 0.15 0.96 26.27
6 CMS-207 8.28 3.07 47.74 40.91 0.13 117 23.77
7 CMS-243 9.62 3 50.58 36.81 0.14 1.37 23.07
8 COSF-6A 6.17 2.33 45.99 45.5 0.09 1.01 28.16
9 PET-2-7 6.76 172 57.81 33.712 0.09 171 28.71
10 HA-89 8.6 4.03 4441 42.96 0.14 1.03 30.01
11 RHA-1-1 7.3 3.28 40.9 48.52 0.12 0.84 29.73
12 IR-6 5.54 2.09 43.21 49.15 0.08 0.88 18.44
13 GP4-1424 8.03 2.5 44.06 45.42 0.12 0.97 16.79
14 HA-89 x IR-6 6.64 2.55 50.32 40.49 0.10 1.24 22.83
15 CMS-240 x IR-6 7.03 2.55 52.2 38.21 0.11 137 21.3
16 COSF-TAx RHA-1-1 8.87 3.39 50.16 37.59 0.14 1.33 18.79
17 CMS-207 x RHA-1-1 6.72 2.46 46.45 44.37 0.10 1.05 21.55
18  CMS-243 x GP4-1424 9.33 3.28 48.96 38.43 0.14 1.27 19.06
19 CMS-243 x IR-6 9.65 3.12 51.42 35.81 0.15 1.44 18.81
20  COSF-6A x GP4-1424 7.01 2.83 48.31 41.85 0.11 1.15 22.68
21 CMS-519x GP4-1424 7.12 2.58 54.97 35.32 0.11 1.56 24.3
22 CMS-519 x IR-6 8.34 2.6 49.51 39.55 0.12 1.25 19.89
23 KBSH-78 4.85 2.28 71.58 21.29 0.08 3.36 24.91
24 DRSI 7.01 2.55 52.76 37.68 0.11 1.40 25.21
25 KBSH-44 7.6 3.82 51.89 36.69 0.13 141 25.19

Maximum 9.88 4.03 71.58 49.15 0.15 3.36 30.01

Minimum 4.85 1.72 40.09 21.29 0.08 0.84 16.79

(S/US- Saturated/Unsaturated, O/L- Oleic/Linoleic)

three checks, KBSH-78 has shown the lowest stearic acid
percentage with the value of 2.28 % and the highest was
shown by KBSH-44 with the value of 3. 82 %. Among the
selected hybrids, the stearic acid ranged from 2.46 % to 3.39 %.
the lowest stearic acid was observed in CMS-207 x RHA-1-1
(2.46 %) and the highest was observed in COSF-7A x RHA-1-1
with the value of 3.39 %.

Oleic acid (%)

Oleic acid (18:1) is one of the mono unsaturated fatty acids
having nutritionally prime importance. Higher proportion of
oleic acid is desired in sunflower oil not only for health
benefits like heart health and reducing inflammation but also
in the quality of biodiesel production (26). The overall range
of oleic acid was 40.09 % to 71.58 %. Among the parents, the
oleic acid ranged from 40.9 % to 57.81 %. The lowest oleic
acid percentage was observed in RHA-1-1 (40.9 %) and the
highest was observed in PET-2-7 (57.81 %). Among three
checks, KBSH-78 has shown the highest oleic acid percentage
with the value of 71.58 % and the lowest was shown by KBSH-
44 with the value of 51.89 %. Among the selected hybrids, the
oleic acid ranged from 46.45 % to 54.97 %. Oleic acid content
was least in CMS-207 x RHA-1-1 (46.45 %) and the highest was
observed in CMS-519 x GP4-1424 with the value of 54.97 %.

Linoleic acid (%)

Linoleic acid (18:2) is one of the essential fatty acids having

polyunsaturated bonds. Keeping quality of oil linked to
linoleic acid i.e. oil with lower linoleic acid have higher self-
life. The overall range of linoleic acid was 21.29 % to 49.05 %.
Among the parents, the linoleic acid ranged from 33.72 % to
49.15 %. The lowest linoleic acid percentage was observed in
PET-2-7 (33.72 %) and the highest was observed in IR-6 (49.15
%). Among three checks, KBSH-78 has shown the lowest
linoleic acid percentage with the value of 21.29 % and the
highest was shown by DRSH 1 with the value of 37.68 %.
Among the selected hybrids, the linoleic acid ranged from
35.32 % to 44.37 %. The lowest linoleic acid was observed in
CMS-519 x GP4-1424 (35.32 %) and the highest was observed
in CMS-207 x RHA-1-1 with the value of 44.37 %. Similar
results of fatty acid profiling have been reported by (27-30).

Ratio of saturated to unsaturated fatty acid

A lower ratio of saturated to unsaturated fatty acids is
nutritionally desirable. The overall ratio ranged from 0.08 to
0.15 (Table 7) among all the genotypes. Among the parents
the saturated to unsaturated fatty acid ratio ranged from 0.08
(CMS852 and IR-6) to 0.15 (CMS2A). Among promising hybrids,
the ratio ranged from 0.10 (HA-89 x IR-6 and CMS-207 x RHA-1
-1) to 0.15 (CMS-243 x [IR-6). Similar results have been
reported previously (31).

Ratio of oleic acid to linoleic acids The ratio of oleic acid to
linoleic acid is most important parameter for keeping quality
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of oil (32). Higher the ratio, longer is the shelf-life of the oil
because Oleic acid is monounsaturated acid which contain
only single double bond due to which oxidation of oil is lesser
which in turn increases the shelf-life. The ratio varied from
0.84 to 3.36 across all samples (Table 7). Among the parents
the ratio ranged from 0.84 (RHA-1-1) to 1.43 (CMS-240).
Among the selected hybrids, the ratio ranged from 1.05 (CMS-
207 x RHA-1-1) to 1.44 (CMS-243 x IR-6).

Protein content

Sunflower seed cake has long been utilized as animal feed,
organic fertilizer and soil compost; but, in recent years,
numerous studies have been carried out to examine its
nutritional value for human consumption, given that it still
contains a variety of components. One of the nutritional
benefits is the presence of high protein content in its seed
cake. Protein analysis of nine promising hybrids, 13 parents
and 3 checks has been done and the results are presented in
the Table 7. The overall range of protein content was
observed to be 16.79 % to 30.01 %. Among the parents HA-89
has shown highest protein content with the value of 30.01 %,
whereas GP4-1424 has shown the lowest protein content with
the value of 16.79 %. Among the crosses the highest protein
content was shown by CMS-519 x GP4-1424 with the value of
24.30 % followed by HA-89 x IR-6 with the value of 22.83 %.
Similar results have been reported earlier (28, 33).
Comparative performance of Qil Yield (OY), Crude protein
(CP), Oleic acid (OLA) and linoleic acid (LINLA) of promising
hybrids is shown in the Fig. 2.

Conclusion

A prevalence of non-additive gene action across all the traits
stress upon the potential of breeding to exploit hybrid vigor in
sunflower. Higher proportion of unsaturated fatty acids such
as oleic and linoleic acids in the present study would certainly
offer health benefits. FTIR analysis revealed variations in
absorption spectra corresponding to functional groups such
as =C-H, -C-H (CHs), -C-H (CH,), -C=0 (ester), -C-O, -(CH,)-n.
Crosses like CMS-240 x |R-6, CMS-243 x GP4-1424, HA-89 x IR-6
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and CMS-519 x GP4-1424 proved to be better regarding both
oil yield and protein content. Given the predominance of non-
additive gene action across traits, future breeding programs
should emphasize hybrid development using heterotic
grouping and line x tester analysis to maximize hybrid vigor in
sunflower. The identification of genotypes rich in unsaturated
fatty acids like oleic and linoleic acids highlights the need for
targeted breeding for oil quality improvement to meet
growing consumer demand for heart-healthy oils.
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