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Abstract

The study involved eight linseed (Linum usitatissimum L.) genotypes, which were crossed following a
diallel cross design (Griffing 1956 Model 1, Method 2) during the Rabi season of 2010-11, resulting in 28
distinct hybrid combinations (excluding reciprocal crosses). These 28 F1 hybrids, together with the eight
parental lines and three check varieties (T-397, Neelum, and Allahabad Local), were evaluated using a
Randomized Block Design (RBD) with three replications during the 2011-12 cropping season at the Field
Experimentation Centre, Department of Genetics and Plant Breeding, SHIATS, Allahabad. A total of ten
agronomic traits were recorded to assess both heterosis and combining ability. The analysis of variance
(ANOVA) showed significant variation across all traits, indicating considerable genetic diversity within the
study population. The cross M-42(169) x POLF-19(1765) showed the best performance in terms of seed
yield and its components. Heterosis analysis revealed that the cross PbD2-42(2789) x GS-129(1018)
exhibited the highest heterosis, heterobeltiosis, and economic heterosis for seed yield per plant. Combining
ability analysis indicated significant differences for all traits, with FRW-6(973) and POLF-19(1765)
identified as the best general combiners for seed yield and other important traits. The cross PbD2-42(2789)
x GS-129(1018) demonstrated the highest positive specific combining ability (SCA) effect for seed yield
per plant.
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Introduction

Linseed (Linum usitatissimum L.) is one of the earliest domesticated crops and holds significant
economic value as an industrial non-edible oilseed. It has been cultivated for centuries for both
its seeds and fiber 1. While linseed is primarily grown for its oil, it also plays an important role
in the food industry due to its nutritional properties. The seeds are rich in essential
polyunsaturated fatty acids, such as alpha-linolenic acid, and contain high levels of soluble
dietary fiber. Linseed oil, known for its abundant linolenic acid, is widely used as an industrial
drying oil . In our country, linseed occupies 3.84 lakh ha area with a production of 1.54 lakh
tonne and contributes about 10.81% and 5.31%, respectively to the global area. The low yield
can be attributed to the limited resources available to smallholder farmers and the absence of
high-yielding varieties [, To improve competitiveness with other linseed-producing countries,
the development of high-yielding varieties is crucial. Such varieties can be achieved through
well-planned hybridization and selection programs aimed at identifying superior segregants 1.
Combining ability analysis is an effective tool for selecting ideal parent lines and understanding
the genetic control of important traits (1.

Materials and Methods

The experimental materials for this study included eight parental lines, which were crossed
following a diallel cross design /! during the Rabi season of 2010-11, resulting in 28 hybrid
combinations (excluding reciprocal crosses). A total of 39 entries, consisting of the 8 parental
lines, 28 F1 hybrids, and 3 check varieties, were sown on November 26, 2011, at the Field
Experimentation Centre, Department of Genetics and Plant Breeding, SHIATS, Allahabad
(U.P).
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The experimental layout followed a Randomized Block Design
(RBD) with three replications. Data for days to flowering and
days to maturity were recorded at the plot level. For other traits,
such as plant height, number of primary branches per plant,
number of capsules per plant, number of seeds per capsule, seed
yield per plant (in grams), 1000-seed weight (in grams), and
harvest index (%), measurements were taken from five randomly
selected plants in each plot. The mean values for these traits
were analyzed using analysis of variance (ANOVA) [, Further
statistical analyses were carried out to estimate heterosis,
heterobeltiosis, economic heterosis, and combining ability.

Results and Discussion

Flowering and Maturity: The analysis of variance (ANOVA)
showed significant differences between both the parental lines
and hybrids for days to 50% flowering and days to maturity,
with notable variations observed between parents and hybrids
for days to maturity (Table 1). The days to 50% flowering in the
hybrids ranged from 82.05 days in the cross FRW-6(973) x GS-
129(1018) to 98.71 days in the cross FRW-6(973) x POLF17
(1704) (Table 2). Significant mean squares for both general
combining ability (GCA) and specific combining ability (SCA)
underscored the involvement of both additive and non-additive
genetic factors in the inheritance of these traits. However, the
relatively low GCA/SCA ratios for days to 50% flowering (0.18)
and days to maturity (0.14) (Table 3) suggested that non-
additive genetic effects played a dominant role in controlling
these traits.

Our findings are consistent with the observations of ! and [,
who also reported the dominance of non-additive genetic effects
for days to flowering. However, our results differ from those of
[10], who found a higher variance in general combining ability
(GCA) compared to specific combining ability (SCA) for both
days to flowering and maturity. Specifically, the parent GS-
129(1018) exhibited the highest GCA effect for early flowering,
with a reduction of -2.12 days, while FRW-6(973) showed the
highest GCA effect for early maturity, with a decrease of -1.70
days (Table 4.1). These parents, therefore, hold potential for use
in recombination breeding programs aimed at developing early-
maturing linseed varieties.

The cross FRW-6(973) x POLF17(1704) exhibited the highest
and significantly positive specific combining ability (SCA)
effects for days to flowering, while the hybrid M-42(169) x
FRW-6(973) showed the most significant positive SCA effects
for days to maturity (Table 4.2). In contrast, the cross FRW-
6(973) x GS-129(1018) demonstrated the highest negative and
significant SCA effect for early flowering (-5.88 days), and M-
42(169) x PbD2-42(2789) displayed the highest negative SCA
effect for early maturity (-5.17 days) (Table 4.2).

For early maturity, the hybrids M-42(169) x PbD2-42(2789), M-
42(169) x POLF-19(1765), and FRW-6(973) x C91538 (456)
showed significant heterobeltiosis, (Table 5), indicating superior
performance compared to the best parent for this trait. Early
flowering and maturity are important goals in flax breeding [10],
and our results suggest that genetic improvement for these traits
can be effectively achieved using the genotypes involved in this
study.

Plant Height

The genotypes, including both the parents and their hybrids,
showed significant variation for plant height (Table 1). Among
the hybrids, the cross M-42(169) x GS-129(1018) produced the

tallest plants, measuring 81.81 cm, while POLF-19(1765) x
POLF-17(1704) had the shortest plants, at 58.70 cm. The
analysis of variance (ANOVA) for combining ability revealed
significant effects for both general combining ability (GCA) and
specific combining ability (SCA) for plant height. However, the
GCAJ/SCA ratio of 0.19 (Table 3) indicated that non-additive
genetic effects played a more dominant role in the genetic
variation observed for this trait. These results are in agreement
with the findings of [, but contrast with those of [, who
reported a greater influence of additive genetic effects.

Both positive and negative specific combining ability (SCA)
effects for plant height were observed in the hybrids (Table 4.2).
The SCA effects varied from -10.37 cm for the cross GS-
234(1703) x GS-129(1018) to +10.60 cm for the hybrid M-
42(169) x POLF-17(1704) (Table 4.2).

Primary Branches per Plant

The analysis of variance (ANOVA) showed significant
differences among the entries for the number of primary
branches per plant (Table 1). The hybrid crosses displayed
considerable variation in branch number, with M-42(169) x GS-
234(1703) having 3.71 branches per plant, and POLF-17(1704)
x (S-234(1703) producing 8.93 branches per plant, indicating
substantial diversity among the hybrids. The significant mean
squares for both general combining ability (GCA) and specific
combining ability (SCA) highlighted the influence of both
additive and non-additive genetic effects on this trait. However,
the GCA/SCA ratio of 0.23(Table 3) further indicated that non-
additive genetic effects played a dominant role in the inheritance
of primary branches per plant. These results align with the
findings of [8], but differ from those reported by [*2,

Estimates of combining ability revealed positive and significant
general combining ability (GCA) effects of 0.87 for the parent
C91538(456) and 0.36 for POLF-17(1704) (Table 4.1). The
specific combining ability (SCA) effects for primary branches
per plant ranged from -1.18 to +2.94, observed in the hybrids
C91538(456) x POLF-17(1704) and POLF-17(1704) x GS-
234(1703), respectively (Table 4.2). Additionally, notable and
significant heterosis over the midparent was recorded, with
values varying from -35.67% to +72.26% across the different
Crosses.

The parents C91538(456), POLF-17(1704), and POLF-19(1765)
(Table 4.1) exhibited higher general combining ability (GCA)
effects for branching and also performed well in terms of seed
yield. These parents could therefore be beneficial in
recombination breeding programs. Incorporating these parents
into breeding programs could help gather genes linked to better
branching, which may improve the performance of future
generations of recombinant inbred lines.

Seed Yield and Its Components

There was significant variation in seed yield and its component
traits, such as the number of capsules per plant, number of seeds
per capsule, 1000-seed weight, and seed yield per plant, among
the parental lines and their F1 hybrids (Table 1). The analysis of
variance (ANOVA) for combining ability showed that both
general combining ability (GCA) and specific combining ability
(SCA) had a significant impact on these traits (Table 3). This
indicates that both additive and non-additive genetic effects
contribute to the observed variation, with non-additive effects
having a more dominant influence, which aligns with the results
of [81,
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Significant differences were observed among the hybrids for the
number of capsules per plant, with counts ranging from 265.80
in the cross FRW-6 (973) x C91538 (456) to 52.50 in FRW-
6(973) x (GS-129(1018) (Table 2). The specific combining
ability (SCA) effects for this trait showed a wide range, from -
96.44 to +79.64, with highly significant effects noted in the
hybrids FRW-6(973) x GS-129(1018) and C91538(456) x GS-
234(1703) (Table 4.2). In several crosses, significant heterosis
was observed over both the mid-parent and better-parent, with
the highest heterobeltiosis of 161.11% recorded in the hybrid
POLF-19(1765) x PbD2-42(2789) (Table 5).

For the number of seeds per capsule, the general combining
ability (GCA) effects were positive and significant for the
parents M-42(169), GS-129(1018), and POLF-17(1704), while
negative GCA effects were recorded for FRW-6(973) (Table
4.1). The highest specific combining ability (SCA) effect of 1.17
seeds per capsule (Table 4.2)was found in the hybrid POLF-
19(1765) x GS-234(1703), whereas the lowest SCA effect of -
2.71 seeds per capsule was observed in the cross FRW-6(973) x
C91538(456). Several hybrid combinations showed significant
and positive heterosis over both the mid-parent and better-
parent, with the highest heterobeltiosis of 4.98% seen in POLF-
19(1765) x GS-234(1703) (Table 5).

There was substantial variation in 1000-seed weight among the
hybrids, with the highest average of 8.85 g recorded in the cross
FRW-6(973) x POLF17 (1704), and the lowest of 5.01 g in M-
42(169) x POLF-17(1704). The parents POLF-17(1704), FRW-
6(973), and GS-234(1703) showed positive and significant
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general combining ability (GCA) effects for 1000-seed weight
(Table 4.1). Several hybrids also exhibited significant positive
specific combining ability (SCA) effects, with the highest SCA
value of 1.40 g in FRW-6(973) x POLF17(1704) and the lowest
SCA value of -1.58 g in M-42(169) x POLF-17(1704) (Table
4.2). Some hybrids demonstrated significant heterosis over both
mid-parent and better-parent, with the highest heterobeltiosis of
22.45% observed in FRW-6(973) x POLF17 (1704) (Table 5).
Seed yield per plant, an important economic trait, showed highly
significant variation among the F1 hybrids, with yields ranging
from 2.95 g in M-42(169) x PbD2-42(2789) to 7.95 g in M-
42(169) x POLF-19(1765) (Table 2). According to the general
combining ability (GCA) estimates, FRW-6(973) and POLF-
19(1765) were identified as strong combiners for seed yield,
suggesting their potential for use in breeding programs. The
specific combining ability (SCA) effects for seed yield per plant
varied considerably among the hybrids, with the highest SCA
values of 3.76 g and 3.03 g seen in PbD2-42(2789) x GS-
129(1018) and M-42(169) x POLF-19(1765), respectively
(Table 4.2). Significant and favorable heterosis was observed in
most of the crosses, consistent with the findings of [2%]. The
highest heterobeltiosis of 154.03% was recorded in the cross
PbD2-42(2789) x GS-129(1018) (Table 5).

Seed vyield, a key economic trait, exhibited substantial variation
among the parental lines and their F1 hybrids. The GCA/SCA
ratio for seed yield (0.14) (Table 3).Further supported the
dominance of non-additive genetic effects in controlling this
trait's inheritance.

Table-1: Analysis of variance for ten yield attributing traits in Linseed

Mean Sum of Squares

S. No. Characters Replications | Treatments Parents Hybrids P vi Hy Error Total

2 35 7 27 1 70 107

1 Days to 50% flowering 1.23 43.94** 32.95** 44.48** 106.35** 0.88 14.97

2 Days to Maturity 0.19 55.89%* 120.38** 24.81** 443 .63%* 1.65 19.36

3 Plant height 0.13 88.53** 50.34** 100.36** 36.66** 0.13 29.04

4 Number of Primary branches per plant 0.19 5.10** 1.13** 6.13** 5.09** 0.10 1.74

5 Number of Capsules per plants 0.35 11101.44** 3512.47** 11065.58** 65192.55** 0.18 3631.13

6 Number of Seeds per capsule 0.08 3.92** 0.47** 4.38** 15.79** 0.03 131

7 1000 grain weight 0.02 1.59** 0.60** 1.86** 1.02** 0.01 0.53

**significant at 1% level of significance respectively
Table 2: Mean performances of parents and hybrids for different characters in linseed

Days to Plant | primary Seeds B|ol'og|ca| Eco_nom|c 1090 Harvest

S.No Genotype 50% Days_to height | branches Capsules per yield yield arain - index
flowering maturity| (cm.) | per plant per plant capsule per plant | perplant | weight %)

(gm.) (gm.) (gm.)

1. M-42(169) 89.00 |[147.00|76.3333| 5.7000 85.3333 | 9.6000 | 15.2667 4.2533 6.2233 |27.8560
2. M-42(169)xFRW-6(973) 85.00 |151.66|75.3667| 3.9000 | 145.6000 | 9.1667 | 13.3300 5.2500 | 5.9500 |39.3800
3. M-42(169)xC91538(456) 83.00 |145.33|64.8000| 5.6333 | 145.0667 | 9.3000 9.0967 3.1267 6.3600 |34.3667
4. M-42(169)xPOLF-19(1765) 86.00 |141.00|66.8000| 5.2000 61.6000 | 8.8000 | 26.0400 7.9533 6.5600 |30.3467
5. M-42(169)xPOLF-17(1704) 84.00 |147.00|81.2000| 4.2000 97.2000 | 8.8000 | 18.7500 3.9967 5.01 |21.3133
6. M-42(169)xPbD2-42(2789) 85.00 |140.66 | 68.6667 | 4.1667 93.8000 | 9.1333 9.0967 2.9567 7.2567 |32.5033
7. M-42(169)xGS-234(1703) 86.00 |144.00|75.9667| 3.7167 56.0667 | 7.8000 8.2933 3.0067 | 5.7500 |36.2700
8. M-42(169)xGS-129(1018) 87.00 |[145.00|81.8167| 4.6667 60.0000 | 8.6000 | 12.5333 3.3300 6.4333 |26.5667
9. FRW-6(973) 86.66 |134.00|73.6333| 5.6667 | 153.6667 | 9.1000 | 11.8133 3.9433 6.2300 |33.3800
10.| FRW-6(973)xC91538(456) 94.00 |142.00|72.7667| 5.9667 | 265.7500 | 5.0000 | 29.2233 7.8667 7.6000 |26.9133
11. | FRW-6(973)xPOLF-19(1765) 95.00 |141.66|69.0667| 5.2000 | 172.6667 | 6.0667 | 25.0000 7.1900 7.4667 |28.8067
12. | FRW-6(973)xPOLF-17(1704) 98.71 |144.00|61.1333| 6.3000 | 253.6000 | 6.6000 | 17.6333 4.7400 | 8.8500 |26.8767
13. | FRW-6(973)xPbD2-42(2789) 93.00 |140.00|67.0667| 7.1667 | 165.2000 | 6.7000 | 15.7133 4.9333 7.1233 |31.3933
14.| FRW-6(973)xGS-234(1703) 92.00 |142.33|70.0000| 5.6333 | 156.8000 | 8.3000 | 31.1867 6.2867 | 8.0333 |20.1533
15.| FRW-6(973)xGS-129(1018) 82.05 |140.33|65.6667| 5.3333 52.4500 | 9.0000 | 16.6600 6.2800 6.8200 |37.6897
16. C91538(456) 87.00 |148.00|68.0667| 6.3333 | 102.6667 | 9.0667 | 14.0400 3.2333 6.5800 |23.0233
17. | C91538(456)xPOLF-19(1765) | 85.00 |[146.33|73.7667| 9.1667 | 232.0667 | 8.8000 | 16.2400 4.1333 6.5567 |25.4533
18. | C91538(456)xPOLF-17(1704) | 87.00 |146.00|65.6667 | 5.8667 | 211.3333 | 8.2333 | 13.7500 3.2667 7.1200 |23.7600
19. | C91538(456)xPbD2-42(2789) 89.00 |145.00|62.3333| 8.1667 | 150.0667 | 9.0667 | 10.0000 3.3733 6.7467 |33.9300
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20. | C91538(456)xGS-234(1703) 88.00 |143.66|72.6667| 7.1667 | 232.0667 | 6.2000 | 25.0000 4.2867 | 6.6000 |17.1867
21. | C91538(456)xGS-129(1018) 84.66 |144.00|67.6667 | 6.3333 | 100.7667 | 9.2000 | 11.0367 3.0500 | 6.3500 |27.6313
22. POLF-19(1765) 86.00 |133.0069.1667 | 5.2000 60.0000 | 8.7000 | 12.0133 3.9700 | 6.5600 |33.0400
23. POLF-19(1765)xPOLF-17(1704)] 85.33 |146.00|58.7067 | 8.1667 | 152.6667 | 8.6000 | 20.0000 6.5133 | 7.4600 |32.6200
24. |POLF-19(1765)xPbD2-42(2789) 90.00 |148.00|67.0667 | 6.3333 | 156.6667 | 6.0667 | 14.2633 3.8700 | 5.7800 |27.1300
25. | POLF-19(1765)xGS-234(1703) | 88.00 |142.66 |67.2000| 5.6000 | 111.0000 | 9.1333 | 13.6200 4.4633 | 7.7000 |32.7667
26. | POLF-19(1765)xGS-129(1018) | 86.00 |144.00|70.8000| 5.6333 | 191.6667 | 6.7000 | 17.7700 3.9900 | 7.2833 |22.4467
27. POLF-17(1704) 84.66 |134.33|63.9667 | 5.1667 97.6667 | 8.7667 | 15.1767 3.9333 | 7.1867 |25.9367
28. |POLF-17(1704)xPbD2-42(2789) 86.00 |144.00|68.2000| 6.2000 | 112.5667 | 7.7000 | 16.3000 3.9067 | 7.0700 |23.9600
29. | POLF-17(1704)xGS-234(1703) | 87.66 |148.66|62.3333| 8.9500 | 184.2000 | 8.7667 | 9.6667 4.0033 | 7.4633 |41.5067
30. | POLF-17(1704)xGS-129(1018) | 85.33 | 145.00 | 66.0667 | 5.9667 | 144.0667 | 8.3333 | 13.0000 3.0867 | 7.7033 |23.8600
31 PbD2-42(2789) 87.00 |145.0066.0667 | 5.6333 47.3333 | 9.0667 | 13.0433 2.8567 | 6.9600 |21.8967
32. | PbD2-42(2789)xGS-234(1703) | 85.00 |140.00 | 74.6000| 6.1667 55.2000 | 9.2000 | 15.6833 3.5667 | 7.5133 |22.7167
33. | PbD2-42(2789)xGS-129(1018) | 86.00 |146.00 | 68.2000| 4.6333 | 167.3333 | 7.6333 | 26.1167 7.6633 | 7.1333 |29.3367
34. GS-234(1703) 78.66 |135.33|72.3333| 4.2000 53.9000 | 8.2333 | 14.1167 2.9600 | 7.4700 |20.9667
35. | GS-234(1703)xGS-129(1018) 86.66 |140.00|59.3333| 4.6000 | 134.0667 | 8.0667 | 18.0000 5.0033 | 7.0067 |27.8633
36. GS-129(1018) 82.00 |137.0071.6000| 5.3333 87.0667 | 9.1000 | 11.6600 3.0167 | 6.5200 |25.7967
37. T-397(c) 85.00 |128.33|76.1667 | 12.7667 | 387.3333 | 8.5333 | 27.6667 8.3600 | 7.2000 |30.3200
38. Allahabad local(c) 78.00 |131.00|57.3000| 11.9667 | 344.0000 | 9.1000 | 21.9967 7.0667 | 7.7000 |32.3767
39. Neelum(c) 88.00 |135.000|65.8667 | 4.7000 | 110.3667 | 4.5333 | 14.3933 3.2167 | 7.5767 |22.3433
Mean 86.72 |142.11|68.8547| 6.1179 | 143.3530 | 8.1735 | 16.5177 45603 | 6.9439 |28.2483
C.V. 1.039 |0.8702| 0.5130 | 5.0889 0.3079 2.3027 | 2.5185 3.1388 | 1.6864 | 4.6237
F ratio 57.908 | 53.90 | 778.39 | 116.7147 | 95254.7734 |134.1050| 609.4277 | 392.2313 |113.0714|55.9087
F Prob. 0.000 0.00 | 0.0000 | 0.0000 0.0000 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
S.E. 0520 | 0.714 | 0.203 | 0.1797 0.2549 0.1087 | 0.2402 0.0826 | 0.0676 | 0.7541
C.D. 5% 1.465 | 2.011 | 2.574 | 2.5063 2.7178 1.3061 | 2.6765 2.2328 | 1.1904 | 2.1240
C.D. 1% 1.944 2.66 | 2.762 | 2.6716 2.9522 1.4060 | 2.8974 2.3088 | 1.2526 | 2.8176
Range Lowest 78.00 |128.33|57.3000| 3.6667 47.3333 | 45333 | 8.2933 2.8567 | 4.9667 |17.1867
Range Highest 98.66 |151.66|81.7667 | 12.7667 | 387.3333 | 9.6000 | 31.1867 8.3600 | 8.8000 [41.5067
Table-3: Analysis of variance for combining ability for different characters in linseed
S. No Mean sum of squares
Characters GCA SCA Error
7 28] [70] GCAJ/SCA
1 Days to 50% flowering 4.61** 12.17** 0.293 0.18
2 Days to Maturity 4.72** 16.69** 0.55 0.14
3 Plant height 9.675** 24.74** 0.04 0.19
4 Number of Primary branches per plant 0.62** 1.30** 0.03 0.23
5 Number of Capsules per plants 1362.08** 2922.92** 0.05 0.23
6 Number of Seeds per capsule 0.23** 1.34** 0.01 0.085
7 1000 grain weight 0.18** 0.43** 0.01 0.21
8 Biological yield per plant 4.,08** 36.65** 0.06 0.06
9 Harvest index 5.45** 33.55** 0.61 0.08
10 Seed yield per plant 0.58** 2.06** 0.01 0.14
Table 4.1: General combining ability effects of parents for different characters in linseed
S Daysto 50% | Daysto | Plant Primary Capsules Seeds 1000 grain|Biological yield| Harvest | Seed yield
No. Genotypes flowerin maturity | height branches per er plant per weight er plant index er plant
9 y 9 plant per p capsule g perp perp
1 | M-42(169) -0.88** 2.17** | 4.57** -0.95** -35.73** 1 0.66** | -0.64** -1.74** 2.23** | -0.17**
2 |FRW-6(973) 3.02** -1.70** | 0.68** -0.15* 33.20** |-0.51**| 0.22** 2.73** 2.38** 1.06**
3 [C91538(456) 0.18 2.13** | -0.57** 0.87** 35.51** | -0.02 | -0.16** -0.26** -1.89** | -0.42**
P o LF- *x ** ** *xk ** *x *x ** **
4 19(1765) 0.45 -1.13 -0.98 0.34 111 -0.26 -0.02 1.19 1.15 0.62
P o LF- ** *x ** *x ** ** **
5 17(1704) 0.05 0.23 -3.03 0.36 16.37 0.04 | 0.29 -0.56 -0.84 -0.24
PbDZ— *%* ** ** * ** * ** ** **
6 42(2789) 0.52 0.67 -1.32 0.18 -19.18 -0.05 0.05 -1.18 -0.94 -0.38
GS_ ** *k ** ** ** ** *%* ** **
7 234(1703) -1.22 -1.50 0.53 -0.22 -15.01 -0.02 | 0.29 0.47 -1.38 -0.33
GS_ ** **% ** ** ** ** * **
8 129(1018) -2.12 -0.87 0.12 -0.45 -16.28 0.16 -0.03 -0.66 -0.72 -0.14
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Table 4.2: Specific combining ability effects for different characters in linseed
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S. Days to 50%| Daysto | Plant Primary Capsules | Seeds per 100.0 B'.OIOQ'CaI Harvest |Seed yield
No Genotypes flowering | maturity | height branches per per plant | Capsule grain yield per index |per plant
' plant weight plant
1 ';"Rf/s(é?:;;; 411%% | 820%x |105% | 082+ | 1620% | 077%% | -053%% | -3.78% | 6.53%* | -0.06
2 ('\:"gfg%?f%g 328 | -197% |-826%|  -0.10 1336%% | 042% | 0.26% | 502+ | 578 | -0.70%
3 PP)AI:;‘E%??%E;S) 055 | -3.03% |-585%| 001 | -3570%% | 045 | 031%* | 1047% | -127 | 3.03%*
4 Pg’tﬁg‘éfg&) 215% | 160 [1060%%| -1.03%* | -1536** | -015 |-L58%* | 493 | -832% | -0.01
5 Paﬂlsg?ié?gg;) L61% | BATH | 364%|  -0.88%* | 1678%* | 0.28% | 0.95%% | -4.10%% | 2.97%% | -0.91%*
6 M-é'r223(:(6197)0>;)GS- 112 033 | 181% | 098 | -2512%% | -1.08%* | -0.80%* | -6.55%% | 7.18%* | -0.92%
7 M"‘fz%a%l’é)GS' 3.02%* 070 |802%| 025 [10.91%% | -0.46%% | 0.20%% | -119%% | -3.19%% | -0.78%*
8 Fgg’&g%gé)" 382%% | 143 |360%| -057% | 6506%* | 2717 | 0.64* | 1064 | -1.82 | 2.80%
9 Egﬁ%gg&s") 4.55%* 150 | 031 | -081%* | 644%* | -140%* | 037%* | 4.96%*% | -2.96% | 1.08%*
10 ECR)KVF%?Z% 4") 862+ | 247% |-558| 027 7201%% | 1170 | 1.40%% | 0.66% | -2.01%% | -0.50%*
** *significant at 1% and 5% level of significance respectively
Days to Primary Seeds 1000 | Biological Seed
S. No. Genotypes 50% Days FO Pl_ant branches Capsules per grain yield per H_arvest yield per
- maturity | height per plant . index
flowering per plant Capsule | weight plant plant
11 Fftfg’gj%%g) 249%% | .1.97% | -135%% | 132% | 1925%% | 098** | 004 | -1.96% | 171 | -0.17
12 E@_"éﬂ?ﬁgg 3220 | 253% | 027 | 018 | 668% | 050 | 063 | 1187%% | -9.00%% | 113%
13 E@_"{'Z%(?fo?s’)‘ 588%% | 01 | -419% | 011 | -9644%* | 111%* |.026%% | 153 | 7.79% | 093
14 F?gﬁ?’l%(af’?%)s") 261%% | 233% | 626%% | 215% | §353%% | 084** |.017% | -0.81* | -205% |-0.49%*
15 chﬁ?’li(ai%):) 021 0.63 021 | -118* | 2753 | 003 | 009 | -155% | -175 | -0.49
16 %%1;3%‘(52%‘9;‘ 132 08 | -483% | 131% | 181 | 090%* | -004 | -468% | 852 | -0.24*
17 %951_5233?1((‘15;%)3;‘ 205%% | 003 | 3.65% | 070% | 79.64%% | -2.00%% |-043%% | g68%* | -7.79%% | 0.61%
18 %95151?5%((‘;%?8; 0.38 027 | 0947 | 01 | -5038** | 0.82 |-036%* | -416%* | 200 |-0.81*
19 PP%LLFF'_lf?((lffosz)x 215% | 3.90%* | 638 | L1657 | 327%% | 058 | 020%* | 325% | 407 | 171%*
20 P&gﬂ&%@; 205%% | 547+ | 031 0 42.82%% | .186%* | -115%% | -187%% | 132 |-0.79%*
21 P%'éFzéi((gg?) X' 179% | 230 | -140 | 034 | 7020 | 117%% | 0530 | 415 | 4755 | 0.25*
22 P%'gég%i?) X' 069 | 3000 | 260%* | 007 | 7492%% | -L44%* | 043% | 112% | -6.23% | -0.92%*
23 P&gﬂ&%‘g)" -1.55% 04 | 350% | 016 | -1655%* | -0.53%* | -0.16* | 1.92%% | -250% | 0.1
24 P%'ié}é;%g | 1ese* | 6930 | 4200 | 204 | 5092%% | 051%% | 001 | -6.36%* | 1548 | 0.5
25 P%'éi%%‘i‘g) X' 042 | 263 | -008 | 024 | 1206% | -011 |055* | -190%* | -2.82%* |-0.96%*
26 P%Ds?ﬁ(@%%))x 128 | 217% | 63a4% | 039 | -4254%% | 103 | 028% | 028 | -3.21% | -0.15
27 P%Dsﬁ‘;%((zlﬁgs))x 0.62 | 320%% | 035 | -0.91%% | 7087%% | -0.71%% | 0.22%% | 11.84%% | 2.75%* | 3.76%*
28 Gészfgéggf%)" 302%% | 063 |-1037%*| -055% | 3344* | -031* | -015 | 208 | 172% | 104**

** *significant at 1% and 5% level of significance respectively
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Table 5: Heterosis (ha), Heterobeltiosis (ho) and Economic Heterosis(hc) for different characters in linseed

Genotypes Plant height(cm) | Capsules per plant | Test weight (gm.) Seed y'(zg:np; rplant Harvest index
Ha Hb Hc Ha Hb Hc Ha Hb Hc Ha Hb Hc Ha Hb Hc
1.|M-42(169) x FRW-6(973)| 0.51 12'7**14.4** 21.9%% | -5.3*% | 3L9** |-4.4%%|-4.5%*, '5** 28.1%* | 23.4%*| 63.2** |28.6%*|17.9%*|76.3**
2 ('\:"gfszéng%g 10wl | 16%*|54.35% 413  31.4%%| 065 | 3.3% | [,,|-165%%| 265+ 28 [35.1+{23.4+x[53.8~*
3. M'42(1196(i)7;5F)’OLF' 8.2% :,J** 1.4%*1-15.2%%|-27.8**-44.2**| 2.6** | 0.0 | o ;1** 92.2** |85.8**|145.7%*| -0.3 |-8.1**(35.8**
M'42(169) x POLF- Kok ek ek *x | _ *k - - - D4** | LR 1* *k - - A R**
4, 17(1704) 15.7**|6.38**23.3*% 6.2 0.48 [-11.9%*c o uulaq gu|3q o] 24 6.1% | 24.3%% | - culpg gx| 46
5. M'42£12§g)7§9;’b'32' -3.6%* 1, 6** 4.3%* | 41.4%* | 9.9%* |-151%*|10.1%*| 4.3%* |-4,2%*|-16.8**|-30.5**| -8.1* |30.7**|16.8**|45.5**
6. M_4223(i(6197)0§)GS_ 2.2\ 4;]**15.3**-19.5** -34.3%*|-49.2%* 16.'1** 23_'1** ) 4.'1** -16.6**|-29.3**| -6.5 |48.6**(30.2**|62.3**
7. M-4122(91(6190)1>é)GS- 10.5*%7.12**24.1%%-30.4**|-3L.1**-45.6**| 0.97 | -1.3 | . '1** -8.4** |-21.7%* 35 | -09 | -4.6 (18.9**
8, Fgg’&g%gé)" 2755 || | W [lOB*H107.354 72,9 140.7518.6+{155%%| 0.3 [110.2%%00.5%%144.5%%| 4.6 | o ,,[203+
FRW_6(973) X _Q kK - Kk *k E3 E3 Kok sk K%k *% Fk - _ *k
0. POLF19(1765) 3.3%% | | 4-8%% | BLE** | 12.4%%| 56.4** |16.7**|13.8 14 | 8L7** |8LI**|123.5%%| 4 oif -59 |40.5
10, ECR)KVF'%?Z% 4") 1 '1** 16 é** -7.1**101.8*%| 65.1** [120.8%*31.2%*|22.4**|16.2%*| 20.4** | 20.2%* | 47.4** |-9.4**| '5** 20.3**
11, FRW'3(29(237)8;)%D2' 39;3** -8.9%*| 1.8%% | 64.4** | 7.5%% [49.7%*|8.1%* | 2.3 [-59%*| 45,1** |25,1**| 53.4** |13.6%*| -5.9 |40.5**
FRW'6(973) x GS- A 1**|_4 g** ek *%k *%k *k ek ek *% *x K%k *% - - _
12, 234(1703) A.1%%|-4.9%%(6.28%H S1I** | 2.1%% |42, 1%%|17.3%*| 7.5%% | 6.1%% | 82.1%% | 59.4%% | 95.4%* | o [0 ol 9.8
13, FRW{%?ISQ CS- | g g 10 é** -0.30 |-56.5**|-65.9%*|-52 5%*| 6.9** | 4.6%* |-9.9**| 80.5%* |59.3%* | 95 3** (27 4**|12.9**|68.7**
14, ggll_ﬁ%((“li?s") 7.5%%| 6.6 1194185 3126.1°5110.3% 02 | 0.3 [135%| 147 | 41 | 285+ |-92%| * 13 0%
15, Egﬁgﬁ({‘ls??g -53%*|-3.5%*| -0.30 [110.9**105.8** 91.5%* | 3.4** | -0.9 |-6.1**| -8.8** |-16.9** 15 | -2.9 | -8.4 | 6.4
16, C91538Ef§7)gg’)‘ PbD2- 7.0%** -8.4**|-5 5**[100.1** 46.2** | 35.9**| -0.3 | -3.1* 10_;)** 10.8** | 4.3 | 4.8 |51.1%*|47.4**|51.8**
C91538(456) x GS- - - - - -
17, 234((1733) 3.5%%| 0.46 [10.9*H196.4*}[126.1*}[110.3*4-6.1%* | 1 oyl 5 gun| 38:4%%|32.6*%| 33.3%* | culor gan|pg 1#%
18, C91513§§?15061)8’)‘ GS- 316** -5.5%*| 1.8%%| §.2%* | -1.8%* | -8.7** [-3.1**| -3 5% 16'2** 24 | 57 | -52 [13.2** 7.11 |23.6**
**and*Significance at 1% and 5% level of significance respectively
Genotypes Plant height Capsules Test weight Seed yield Harvest index
(cm) per plant (gm.) per plant (gm.)
Ha | Hb | Hc Ha Hb Hc Ha Hb | Hc Ha Hb Hc Ha | Hb | Hc
19, Pow&%g?g}g POLF- 1 é** 15 '2** 10 é** 93.6**|56.3** [38.3%*| 8.5%* | 3.8%* | -15 |64.8%*|64.1**[102.5%*10.6%* -1.3 |45.9**
20, POLF'le((lgfgsg)x POD2- | g g [-3.15%| 1.8%% [191.9%4161. 1441 9**|-14 55+ -16.9%* 2&'7** 13.4**| -25 [20.3**| -1.2 17.;3**21.4**
b1, POLF'213£Z((1177%53))" CS- |5 10| 7.10%| 2.1%% | 94.9%%| 85.0%*| 057 | 9.7 | 3.1% | 1.63 |28.8%*|12.4%%|38.7%%[21.3%% -0.8 46.6**
POLF'19(1765) x GS- _ *% *k k| * | % k| FA| _ KK *% *% - -
22, 129(1018) 0.6 |-1.1**| 7.5%* [160.6**120.1**|73.6**11.37**|11.03*4-3.8*%| 14.2%* | 0.50 |24.1%* | o o ilos Juu| 05
23, POLF-1472((12770£13)>< POD2- | 4 g | 3. gwx | 3.5%% | 55,30 [15.3%%| 1.9%% | .0.05 | -1.6 |-6.7%%|15.1%%| -0.68 |21.5%%| 0.18 | 7.6 | 72
b4, POLF'2131((1177%‘2)" G5 lgsex| |54 (143,074 88.6%5(66.9%| 18 | 0.00 | -L5 [162%| 18 |24.5%%(76.9%*[60.1+g5.7~>
25, PbDZ;‘;}gfgg; CS- | o 5xx|7.7%%| 03 |55.9%[47.5%% |30.5%%|12.4%%| 7.00% | 17 |-11.2%%-215%% 41 |-7.8%| 81 | 6.8
26, Psz;‘;}gfgg)x CS- | 7.gwx | 3.1%x [13.30] g.10x | 2 4% 49&;** 4.1** | 0.58 |-0.84 |22.6**|20.5**|10.8**| 6.00 | 3.7 | 1.6
b7, Pszfzzé(zfgfg)x G5 | 0.9% |-4.7%x| 357 (149,14 92.2%% 5167 5.84%%| 249 |, = 160.9%4154.1*41138.2°23.1% 13731 3%
b8, Gszi;%g%; O3 | el s 999022 [ 53.9%% [21.5:% 0,17 | 6.2 |-7.5%%| 67.4* | 65.8* | 5.4 10.2°%|8.01*+24.7**

**and*Significance at 1% and 5% level of significance respectively
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Harvest Index

The analysis of variance (ANOVA) for combining ability
indicated that both general combining ability (GCA) and
specific combining ability (SCA) significantly influenced the
harvest index The GCA/SCA ratio for this trait was 0.08 (Table
5)., suggesting that non-additive genetic effects were the
primary contributors to its genetic control. Significant heterosis
was observed in several crosses, with the highest heterosis of
60.03% over the better parent in the hybrid POLF-17(1704) x
GS-234(1703) (Table 5). Improving the harvest index in linseed
cultivars is a key goal for breeders [10], and the substantial
genetic variation observed for this trait in the current study
offers promising opportunities for enhancing the harvest index
in flax breeding programs.
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