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ABSTRACT

A Line x Tester analysis was carried out by using 16 parents and their resulting 60 hybrids along with
four checks (LSFH-171, PDKVSH 952, PDKV Suraj and DRSH-1) of sunflower to estimate heterosis
in the inheritance of majority of yield and its contributing traits. The experiment was conducted in ran-
domized block design with three replications at the Oilseeds Research Unit, Dr. PDKYV, Akola,
Agricultural Research Station, Dr. PDK'V, Ekarjuna and Oilseeds Research Station, MPKYV, Jalgaon dur-
ing Kharif-2024 seasons. Overall, the results demonstrated substantial heterotic variability among the
hybrids for most traits. HA 288A x AKSFI-22-3 showed the greatest and most consistent negative het-
erosis for earliness, while HA 288A x PB 1208 showed pronounced negative heterosis for plant height.
CMS 138A x AKSFI-22-4 was notable for head diameter, HA 228A x PB 1575 for 100-seed weight,
HA 288A x PB 1100 for volume weight, and HA 228A x PB 1103 for reduced hull content. For the
principal economic trait, seed yield per plant, HA 302A x PB 1100 exhibited the strongest and most
consistent heterotic response, recording 61.25% average heterosis, 52.77% heterobeltiosis, and standard
heterosis of 20.34, 10.91, 4.56 and 6.95% over LSFH 171, PDKVSH 952, PDKV Suraj and DRSH 1,
respectively.

Keywords: Heterosis, Heterobeltiosis, Standard heterosis

Introduction

Sunflower (Helianthus annuus L., 2n = 2x = 34) is an important oilseed crop after groundnut, soybean,
rapeseed and mustard belonging to family Asteraceae, native to the Southern part of USA and Mexico. The
genus Helianthus is named from the Greek word Helios meaning ‘Sun’ and anthus meaning ‘Flower’. The
genus name associates the characteristic heliotropism exhibited during the flowering period.

India is the 4™ largest oilseed producing country in the world after USA, China and Brazil. However, it is
the 3" largest consumer and 29 largest importer of edible oils (DVVOF, 2017) and enjoys a distinct posi-
tion in terms of diversity in annual oilseed crops. After cytoplasmic male sterile (CMS) lines and fertility re-
storer lines were discovered, population breeding was switched to heterosis breeding. Commercial sunflower
farming started in India in the 1970s with the selection of imported open-pollinated populations. Classical
cytoplasmic male sterility (PET-1) discovered by Leclercq (1969) [] and a few restorer lines are being uti-
lized for commercial hybrid seed production in sunflowers over the world since 1972. The utilization of a
single source of male sterility results in a high level of vulnerability to biotic and abiotic stresses.

A heterotic cross combination is more likely to produce an F; with a wide range of variation in segregating
generations the more unlike the parents. The numerous CMS and restorer lines aim to produce superior hy-
brids with increased oil content and seed output as well as improved heterosis and stability. Exploring het-
erosis is a strategy for boosting sunflower productivity and output. High-yielding hybrids have rapidly sur-
passed open-pollinated cultivars in sunflower production, which was previously dominated by them.
However, many hybrids failed to pique the interest of the agricultural community as profitable crops due to
poor seed filling, low yield levels, low oil content, and vulnerability to disease and insects. These events
might occur as a result of the interaction between Genotype and Enviornment. The decision was made to
look for high heterotic stable crosses as a result. Numerous candidate genotypes are typically evaluated in a
variety of conditions for critical yield-related variables prior to the selection of approved genotypes. The
genotype's performance in terms of yield and yield contributing potential was significantly influenced by lo-
cation, seasonal variation, and their interactions.

Materila and methods

The present research conducted at Oilseeds Research Unit, Akola, Agricultural Research Station, Ekarjuna
and Oilseeds Research Unit, Jalgaon during Kharif-2024 seasons. Crossing programme adopting using line x
tester mating design (Kempthorne, 1957) [2] and the parental material consisting of four CMS lines (HA
288A, HA 228A, HA 302A, CMS 17A, CMS 138A, AKSF 10-1-1A) and ten testers (PB 1208, PB 1210, PB
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1100, PB 1103, PB 1575, PB 898, AKSFI-22-1, AKSFI-22-2, AKSFI-
22-3 and AKSFI-22-4). The resultant 60 hybrids along with their 16
parents and four checks viz. LSFH-171, PDKVSH 952, PDKV Suraj
and DRSH-1 were evaluated in randomized block design. Each plot
consisted of one row of 3.0 meter length with a spacing of 60 cm be-
tween rows and 30 cm between plants. Observations were recorded in
each entry on randomly selected three plants for importance yield
contributing characters viz. days to 50% flowering, days to maturity,
plant height, head diameter (cm), 100 seed weight (g), volume weight
(g/100 ml), seed filling (%), hull content (%) and seed yield per plant

(2)

Results and discussion

Pooled location wise (Akola, Ekarjuna and Jalgaon) analysis of vari-
ance was carried out for seed yield and its components. The results
are presented in Table 1. Pooled locationwise (Akola, Ekarjuna and
Jalgaon) analysis of variance for Kharif 2024 revealed significant ge-

https://www.biochemjournal.com

netic and environmental variation for seed yield and its component
traits. The mean sum of squares due to parents and hybrids were
highly significant for all the characters, indicating substantial variabil-
ity among the genotypes. The parents vs. hybrids effect was also
highly significant for most traits, except volume weight, demonstrat-
ing considerable divergence between parental and hybrid perfor-
mance. Significant environment X genotype interactions were ob-
served for most characters, except hull content and seed yield, indi-
cating differential response of genotypes across environments.
Environment X parent interactions were significant for the majority of
traits, whereas environment X hybrid interactions were significant for
most characters, except hull content and seed yield. The environment
x parent vs. hybrid interaction was significant for nearly all charac-
ters, except volume weight. Overall, the pooled analysis demonstrated
the presence of substantial genetic variability along with significant
environmental influence and genotype x environment interaction,
suggesting differential expression and environmental responsiveness
of parents and hybrids for seed yield and its component traits.

Table 1. Pooled locationwise (Akola, Ekarjuna and Jalgaon) analysis of variance across the season (Kharif 2024)
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Source of Variation d.f.  Days to 50% flowering Days to maturity Plant height Head diameter 100 seed weight
Mean sum of Squares
Environments 2 1730.63 ** 1004.43 ** 1094.36 ** 60.28 ** 11.32 **
Genotypes 75 67.77 ** 33.80 ** 4517.27 ** 2.93 ** 5.68 **
Parents 15 45.827 ** 2441 ** 2370.94 ** 3.06 ** 6.32 **
Hybrids 59 45.89 ** 31.59 ** 4983.57 ** 2.87 ** 4.67 **
Parent vs Hybrids 1 1683.96 ** 305.29 ** 9200.99 ** 4.59 ** 55.47 **
Environment x Genotypes 150 13.02 ** 23.65 ** 90.46 ** 0.22 ** 0.21
Environment x Parents 30 11.40 ** 13.00 ** 4.033 0.30 ** 0.02
Environment x Hybrids 118  10.26 ** 26.24 ** 111.76%* 0.19 * 0.25 *
Environment x Parent vs Hybrids 2 200.63 ** 30.36 ** 130.31%** 0.55 * 1.03 **
Error 450  1.89 3.11 12.64 0.14 0.19 ;
2. Pooled location wise (Akola, Ekarjuna and Jalgaon) average het- 2024) ié
erosis, heterobeltiosis and standard heterosis across season (Kharif f
Table 1. cont...
Source of Variation d.f. Volume weight Seed filling Hull content Seed yield
Mean sum of Squares
Environments 2 189.13 ** 62.72 ** 55.00 ** 422.04**
Genotypes 75 90.69 ** 957.33 ** 29.32 ** 379.29%*
Parents 15 134.68 ** 89.41 ** 25.53 ** 199.39 **
Hybrids 59 80.96** 916.71%* 27.97 ** 423.56 **
Parent vs Hybrids 1 4.96 16373.01 ** 165.87 ** 465.93 **
Environment x Genotypes 150 2.96 ** 47.39 ** 1.03 9.33
Environment x Parents 30 0.65 11.61 ** 0.04 0.03
Environment x Hybrids 118 3.51 ** 56.12 ** 0.84 10.23
Environment x Parent vs Hybrids 2 5.44 69.40 ** 27.14 ** 95.85 **
Error 450 2.11 5.13 1.78 12.17

*, **._ significant at 5% and 1% level respectively

The heterosis range of all characters given in Table 2. The maximum
average heterosis, heterobeltiosis and standard heterosis was esti-
mated for all characters is given in Table 3. The heterosis analysis

conducted during Kharif-2024 revealed considerable variation among
the hybrids for seed yield and its component traits. The character-wise
results are summarized below.

Table 2. Pooled locationwise (Akola, Ekarjuna and Jalgaon) heterosis range of heterosis (%) for various traits across the seasons (Kharif 2024)

Character H1 (%) H; (%) H3 (%) Hy (%) Hs (%) H6 (%)
Days to 50% -14.83 to 3.64 -17.82 t0 3.45 -9.06 to 7.84 -14.49 to 1.39 -16.01 to -0.41 -16.75 t0 -1.29
flowering
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Character H1 (%) H; (%) Hj3 (%) Hy4 (%) Hs (%) Heé6 (%)

Days to maturity ~ -7.90 to 3.15 -8.63 t0 3.13 -1.58 to 8.95 -7.16 t0 2.77 -9.35t0 0.35 -14.29 to -5.12
Plant height -33.56 to 28.54 -38.36 to 25.67 -21.06 t0 43.90  -42.83to 4.21 -45.75 to -1.11 -46.18 to -1.89

Head diameter -8.52t0 12.43 -9.89 to 12.00 -8.33t0 6.49 -12.38t0 1.79 -12.46 t0 1.70 -11.77 t0 2.50
100-seed weight ~ -27.06 to 59.94 -32.10 to 39.35 -27.24t036.19  -34.65t022.32  -39.57to 13.12 -36.07 to 19.67
Volume weight -19.12 to 18.75 -25.78 to 14.83 -8.81 t0 27.01 -13.39t020.64  -16.61 to 16.15 -18.54 to 13.46
Seed filling -42.38 to 4.40 -44.29 to 2.31 -4425t0-130  -4583t0-4.10  -44.23to0-1.27 -44.08 to -1.01
Hull content -21.51t0 26.08 -28.2210 19.74 -28.401010.04  -32.10t0 13.12  -29.86 to 12.61 -26.40 to 22.01

Seed yield -32.04 to 61.25 -38.14 t0 52.77 -46.421t020.34  -50.62t0 1091  -53.44 to 4.56 -52.38 10 6.95

H ;- Mid Parent, Hy Better Parent, H3- LSFH 171 (C), H4- PDKVSH
952 (C), Hs- PDKYV Suraj (C), Hg-DRSH 1 (C)

H;- Mid Parent, Hy Better Parent, H3- LSFH 171 (C), H4- PDKVSH
952 (C), Hs- PDKV Suraj (C), Hg-DRSH 1 (C)

* **_significant at 5% and 1% level respectively

For days to 50% flowering forty-eight hybrids exhibited significant
negative average heterosis, ranging from -14.83 to 3.64%. The high-
est negative average heterosis was recorded by HA 288A x AKSFI-
22-3 (-14.83%), followed by AKSF 10-1-1A x AKSFI-22-1
(-14.08%) and HA 228A x AKSFI-22-3 (-14.00%). Fifty-two hybrids
showed significant negative heterobeltiosis, ranging from -17.82 to
3.45%, with HA 288A x AKSFI-22-3 (-17.82%) being the highest.
Standard heterosis over LSFH 171, PDKVSH 952, PDKV Suraj and
DRSH 1 ranged from -9.06 to 7.84%, -14.49 to 1.39%, -16.01 to
-0.41% and -16.75 to -1.29%, respectively. The highest negative het-
erosis was recorded by HA 288A x AKSFI-22-3 over all four checks,
with values of -9.06, -14.49, -16.01 and -16.75%, respectively.

For days to maturity thirty-three hybrids showed significant negative
average heterosis, ranging from -7.90 to 3.15%, with HA 228A x
AKSFI-22-3 (-7.90%) recording the highest negative value.
Heterobeltiosis ranged from -8.63 to 3.13%, with the same hybrid
recording the highest negative heterobeltiosis (-8.63%). Standard het-
erosis over PDKVSH 952, PDKV Suraj and DRSH 1 ranged from
-7.16 to 2.77%, -9.35 to 0.35% and -14.29 to -5.12%, respectively.
HA 228A x AKSFI-22-3 recorded the highest negative standard het-

erosis of -7.16, -9.35 and -14.29%, respectively. No hybrid showed
significant negative standard heterosis over LSFH 171.

For plant height thirty-nine hybrids exhibited significant negative av-
erage heterosis, ranging from -33.56 to 28.54%. HA 288A x PB 898
(-33.56%) recorded the highest negative average heterosis. Forty-four
hybrids showed significant negative heterobeltiosis, ranging from
-38.36 to 25.67%, with HA 288A x PB 1208 (-38.36%) recording the
highest value. Standard heterosis over LSFH 171, PDKVSH 952,
PDKYV Suraj and DRSH 1 ranged from -21.06 to 43.90%, -42.83 to
4.21%, -45.75 to -1.11% and -46.18 to -1.89%, respectively. HA
288A x PB 1208 recorded the highest negative standard heterosis
over these checks, with values of -21.06, -42.83, -45.75 and -46.18%,
respectively.

For head diameter thirty-one hybrids showed significant positive av-
erage heterosis, ranging from -8.52 to 12.43%. CMS 138A x AKSFI-
22-4 (12.43%) recorded the highest average heterosis, followed by
CMS 17A x AKSFI-22-4 (12.25%). Fifteen hybrids exhibited signifi-
cant positive heterobeltiosis, ranging from -9.89 to 12.00%, with
CMS 17A x AKSFI-22-4 (12.00%) recording the highest value.
Standard heterosis over LSFH 171 ranged from -8.33 to 6.49%, with
HA 302A x AKSFI-22-2 (6.49%) recording the highest value. No hy-
brid showed significant positive standard heterosis over PDKVSH
952 or PDKV Suraj, where the maximum values were 1.79 and
1.70%, respectively. Four hybrids showed significant positive hetero-
sis over DRSH 1, with HA 302A x AKSFI-22-2 (2.50%) recording
the highest value.

Table 3. Pooled locationwise (Akola, Ekarjuna and Jalgaon) maximum heterosis in desirable direction for various traits across the seasons
(Kharif 2024)

Character Hybrids

HA 288A x AKSFI-22-3

Days to 50% flowering

HA 288A x AKSFI-22-3

HA 288A x AKSFI-22-3

HA 288A x AKSFI-22-3

HA 288A x AKSFI-22-3

HA 288A x AKSFI-22-3
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Maximum Average heterosis (H1),

heterobeltiosis (Hy) and

standard heterosis (H3),(Hy4), (Hs) and (H6)

Hl= —1483""

H2= —17.82""

H3= —9.06""

H4= —1449""

H5= —16.01""

H6= —16.75""

(continued on next page)
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Days to maturity HA 228A x AKSFI-22-3
Hl= -790" g
HA 228A x AKSFI-22-3 5
H2= —863"" e
HA 228A x AKSFI-22-3 g
H3 = —1.58 5
HA 228A x AKSFI-22-3 E
H4= —716"" i
HA 228A x AKSFI-22-3
H5= —935""

HA 228A x AKSFI-22-3
H6= —14.29""

Plant height HA 288A x PB 898
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Hl= —3356""

HA 288A x PB 1208
H2= —3836""

HA 288A x PB 1208
H3= —21.06"

HA 288A x PB 1208
H4= —4283""

HA 288A x PB 1208
H5= —45.75""
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HA 288A x PB 1208
H6 = —46.18""

Head diameter CMS 138A x AKSFI-22-4
H1l=1243""
CMS 17A x AKSFI-22-4 _
H2=12.00"" H
HA 302A x AKSFI-22-2 -
H3=649""
HA 302A x AKSFI-22-2 2
H4 =1.79 g
HA 302A x AKSFI-22-2
H5 =1.70 f
HA 302A x AKSFI-22-2
H6 =2.50"

(continued on next page)
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100-seed weight HA 302A x PB 1208
H1l=59.94"" g
HA 302A x PB 1208 5
H2=39.35"" E
HA 228A x PB 1575
H3=136.19""
HA 228A x PB 1575
H4=2232""
HA 228A x PB 1575 i
H5=13.12"" 2
HA 228A x PB 1575 s
H6 =19.67"" =
Volume weight AKSF 10-1-1A x AKSFI-22-2 §
H1=18.75"" 5
CMS 138A x AKSFI-22-1
H2=1483""
HA 288A x PB 1100
H3=2701""
HA 288A x PB 1100
H4 =20.64""
HA 288A x PB 1100
H5=16.15""
HA 288A x PB 1100
H6 =13.46""
Seed filling % HA 288A x AKSFI-22-2
H1=4.40""
HA 288A x AKSFI-22-2 2
H2 =231 H
AKSF 10-1-1A x AKSFI-22-4
H3= —1.30
AKSF 10-1-1A x AKSFI-22-4 2
H4= —410"" e
AKSF 10-1-1A x AKSFI-22-4
H5= —1.27 f
AKSF 10-1-1A x AKSFI-22-4
H6 = —1.01

(continued on next page)
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HA 228A x PB 1103

Hull content

HA 228A x PB 1103

HA 228A x PB 1103

HA 228A x PB 1103

HA228A x PB 1103

HA 228A x PB 1103

Seed yield

HA 302A x PB 1100

HA 302A x PB 1100

HA 302A x PB 1100

HA302A x PB 1100

HA 302A x PB 1100

HA 302A x PB 1100

https://www.biochemjournal.com

Hl= —-2151""

H2= —2822""

H3= —2840""

H4= —3210""

H5= —29.86""

H6= —2640""

H1=6125""
H2=5277""
H3=12034""
H4=1091""
H5 = 4.56
H6 = 6.95"

For 100-seed weight forty-two hybrids exhibited significant positive
average heterosis, ranging from -27.06 to 59.94%. HA 302A x PB
1208 (59.94%) recorded the highest average heterosis. Twenty-five
hybrids showed significant positive heterobeltiosis, ranging from
-32.10 to 39.35%, with HA 302A x PB 1208 (39.35%) recording the
highest value. Standard heterosis over LSFH 171, PDKVSH 952,
PDKYV Suraj and DRSH 1 ranged from -27.24 to 36.19%, -34.65 to
22.32%, -39.57 to 13.12% and -36.07 to 19.67%, respectively. HA
228A x PB 1575 consistently recorded the highest positive standard
heterosis, with values of 36.19, 2232, 13.12 and 19.67%,
respectively.

For volume weight twenty hybrids showed significant positive aver-
age heterosis, with values ranging from -19.12 to 18.75%. The high-
est positive average heterosis was recorded by AKSF 10-1-1A x
AKSFI-22-2 (18.75%). Ten hybrids exhibited significant positive het-
erobeltiosis, ranging from -25.78 to 14.83%, with CMS 138A x
AKSFI-22-1 (14.83%) recording the highest value. Standard heterosis
over LSFH 171, PDKVSH 952, PDKV Suraj and DRSH 1 ranged
from -8.81 to 27.01%, -13.39 to 20.64%, -16.61 to 16.15% and -18.54
to 13.46%, respectively. HA 288A x PB 1100 recorded the highest
positive heterosis over all four checks, with values of 27.01, 20.64,
16.15 and 13.46%, respectively.

For seed filling percentage average heterosis ranged from -42.38 to
4.40%, with only two hybrids showing significant positive heterosis.

HA 288A x AKSFI-22-2 (4.40%) recorded the highest value, fol-
lowed by AKSF 10-1-1A x AKSFI-22-4 (2.12%). Heterobeltiosis
ranged from -44.29 to 2.31%, with only one hybrid showing signifi-
cant positive heterobeltiosis. Standard heterosis over LSFH 171,
PDKVSH 952, PDKV Suraj and DRSH 1 ranged from -44.25 to
-1.30%, -45.83 to -4.10%, -44.23 to -1.27% and -44.08 to -1.01%, re-
spectively. No hybrid showed significant positive standard heterosis
over any of the four checks, indicating limited heterotic expression
for seed filling percentage. Lakshman ez al. (2020) [31; Pole et al.
(2020) [4]; Rajane et al. (2022) [3]; Shinde et al. (2023) [®]; Sharron ez
al. (2024) 71 also reported high positive heterosis for volume weight
and seed filling percentage.

For hull content since lower hull content is desirable, negative hetero-
sis was considered favourable. Average heterosis ranged from -21.51
to 26.08%, with significant negative heterosis in nine hybrids. HA
228A x PB 1103 (-21.51%) recorded the highest negative average
heterosis. Heterobeltiosis ranged from -28.22 to 19.74%, with HA
228A x PB 1103 (-28.22%) recording the highest negative value.
Standard heterosis over LSFH 171, PDKVSH 952, PDKV Suraj and
DRSH 1 ranged from -28.40 to 10.04%, -32.10 to 13.12%, -29.86 to
12.61% and -26.40 to 22.01%, respectively. HA 228A x PB 1103
recorded the highest negative heterosis over all four checks, with val-
ues of -28.40, -32.10, -29.86 and -26.40%, respectively. Shinde et al.
(2023) [6]; Sharron et al. (2024) 7] also recorded lowest hull content.
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For seed yield per plant average heterosis ranged from -32.04 to
61.25%, with thirteen hybrids showing significant positive heterosis.
HA 302A x PB 1100 (61.25%) recorded the highest average heterosis,
followed by CMS 138A x PB 1100 (37.49%) and HA 288A x PB
1100 (32.38%). Heterobeltiosis ranged from -38.14 to 52.77%, with
HA 302A x PB 1100 (52.77%) recording the highest positive value.
Standard heterosis over LSFH 171 ranged from -46.42 to 20.34%,
with HA 302A x PB 1100 (20.34%) recording the highest value. Over
PDKVSH 952, heterosis ranged from -50.62 to 10.91%, with HA
302A x PB 1100 (10.91%) being the highest. Over PDKV Suraj, the
range was -53.44 to 4.56%, with no significant positive heterosis.
Over DRSH 1, the range was -52.38 to 6.95%, and HA 302A x PB
1100 (6.95%) was the only hybrid showing significant positive
heterosis.

Conclusion

Overall, the results demonstrated substantial heterotic variability
among the hybrids for most traits. HA 288A x AKSFI-22-3 showed
the greatest and most consistent negative heterosis for earliness, while
HA 288A x PB 1208 showed pronounced negative heterosis for plant
height. CMS 138A x AKSFI-22-4 was notable for head diameter, HA
228A x PB 1575 for 100-seed weight, HA 288A x PB 1100 for vol-
ume weight, and HA 228A x PB 1103 for reduced hull content. For
the principal economic trait, seed yield per plant, HA 302A x PB 1100
exhibited the strongest and most consistent heterotic response, record-
ing 61.25% average heterosis, 52.77% heterobeltiosis, and standard
heterosis of 20.34, 10.91, 4.56 and 6.95% over LSFH 171, PDKVSH
952, PDKV Suraj and DRSH 1, respectively.
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