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Combining ability and heterosis for flax
straw and seed yield components
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Fifteen crosses generated from six diverse parents in half diallel mating design were
evaluated in 2020/2021 season to estimate combining ability and heterosis in flax for
improving yield and its various components. The analysis of data showed that variance due to
genotypes, parents and crosses were highly significant, indicating sufficient variability existed
in populations. Variance of parents vs. crosses as an indication to average heterosis was
significant for all the studied traits except technical length and fibre percentage traits. The
analysis for combining ability illustrated significant variance due to both general combining
ability (GCA) and specific combining ability (SCA) for all the studied traits, indicating
presence of both additive and non-additive gene actions in the expression for these traits.
GCA/SCA ratio was more than unity for all studied traits except number of basal branches and
number of capsules/plant traits, indicating that additive gene effects were more important
than non-additive gene effects for control the inheritance of these traits. S.620/1/3 (P,) was
good combiner for all studied traits and Sakha 3 (P,) and Belinka (P3;) were good combiners
for most of the studied traits. Six crosses were the good combination for the most of the
studied traits and particularly three crosses (S. 620/1/3 x Sakha 3, S. 620/1/3 x Belinka and S.
620/1/3 x Sozana) exhibited positive significant heterosis for most of the studied traits.
Therefore, good combiners and best crosses combinations can be used for improvement of
yield and their components in the programs of flax breeding.
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INTRODUCTION

Flax is fibre crop producing fibre from the plant stem and oil from seeds. Flax is cultivated in some
countries for fibre only and in other countries for seed oil only. In Egypt, three types of flax coexist
namely a fibre type, a seed oil type and a dual purpose type. The flax fibre is natural and is
industrial processed for textiles production due to theirs fibre quality. Flax seed is commercially
planted for seed production which is used to extract oil and a high protein livestock feed (Sankari,
2000; Kurt and Bazkurt 2006). In seeds of flax, there are very important compounds which have
anticancer properties for human such as lignans (Westcott and Muri, 2003), acting as an
antioxidant agent. Flax seed of provides up to 800 times higher lignans content than seeds of other
crops (Jhala and Hall, 2010). Singh and Marker (2006) stated that the highly valued omega 3 fatty
acid in flax oil is considered important to aid in reducing cholesterol.

Flax is a self-pollinated crop which is the only species in linaceae family with economic values
(Tadesse et al., 2010). Its genetic improvement need to be carried out through conventional
breeding methods of selection and hybridization. Flax breeders need continually to improve yields
of straw and seeds productivity alongside with their components by genetic improvement in
breeding programs. The success of any breeding program depends on the choice of a suitable
breeding methods and better genotypes which have high inheritance ability for all desirable traits
to pass on progenies in their crosses. Hybridization techniques provide us with information
regarding combining ability and nature of gene action. It is essential to determine the magnitude
and inheritance of the components of genetic variance to understand the type of gene action which
control the target traits. Diallel crosses have been utilized for estimation of the combining ability of
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parents and cross combinations. Combining ability helps the breeder to study and compare the
better performance of the new genotypes in the combination of hybrids. Mahto and Rahman (1998)
and Kumar et al. (2000) reported that combining ability analysis is crucial to obtain better parents
with informations of nature and magnitude of gene effects which control yield traits of economic
importance. The frequency of heterotic hybrids is higher for good general combining parents than
for weak combining parents (Sahu et al., 2013). Extremely important numbers for both combining
capabilities were obtained by Mishra et al. (2013). Combining ability and gene action for desirable
flax traits were previously estimated (Singh et al., (2009); Pali and Mehta 2014; Kumar and Paul,
2015; Kumar et al. 2016; Singh et al. 2016; Mahawar et al., 2021; Swetha et al., 2021).
Hybridization of two lines or genotypes produced superior F1 hybrids which can raise the yield in
this crop, this superiority referee to heterosis. Development of superior hybrids need to evaluate
viable promising lines and their cross combinations for yield and as well as its components (Singh
et al., 2006). It is essential to have detailed information about the desirable hybrid combinations in
any breeding program which can reflect a high degree of heterotic response for yield improvement
and also other characteristics of flax. The target of heterosis analysis is to know the best
combination of hybrids which give a high degree of heterobeltiosis and characterization of crosses
for the purpose of economic exploitation (Sharma et al., 2005; Kumar et al. 2013a; Kumar et al.
2013b; Reddy et al.(2013; Pali and Mehta 2014; Kumar and Paul 2015) Kumar et al. 2016; Singh et
al. 2016). The main objective of this investigation is to (1) determine the superior parents and cross
combinations by using diallel cross system and (2) estimate combining ability and mode of gene
action and heterosis in terms of yield and its components of six flax genotypes and their 15 F1
hybrids to use in hybridization breeding program for improving flax yield.

MATERIALS AND METHODS

In the present study, six genotypes were evaluated to determine which one has the high ability for
inheritance of all desirable traits to the progenies in their crosses in order to used them in
hybridization breeding programs to improve flax traits. The genetic materials used for this
investigation used six flax genotypes S. 620/1/3, Sakha 3, Belinka, Sozana, Beraton, and Gowhar
which were crossed in all possible combinations using a diallel mating design (excluding
reciprocals) to obtain 15 F1 crosses of flax during 2019/2020 season at Giza Agricultural Research
station, Agriculture Research Center, Egypt. The description of the genotypes is shown in Table 1.

In 2020/2021 season, 21 entries (6 parents and 15 F1 crosses) were assessed in Ismailia Research
Station, Ismailia Governorate (the soil is sandy, organic matter of 0.53%, available nitrogen in the
soil was 7.19 ppm, EC. 0.15 and the value of pH was 7.44).

Three replications used to evaluate the experimental materials thorough a randomized complete
block design. Each experimental plot included ten rows. Rows were three meters long and 20 cm
apart, each genotype was planted in one row the distance between plants in each rows was 5 cm.
Fertilization, weed control and other agronomic practices were done according recommendations
for flax production.

The observations were noted on ten randomly chosen plants from each replication on the following
traits (1) straw yield/plant (g), (2) plant height (cm), (3) technical stem length (cm), (4) number of
basal branches/plant, (5) seed yield/plant (g), (6) number of capsules/plant, (7) number of
seeds/capsule, (8) 1000 - seed weight (g) and (9) fibre percentage.

Statistical analysis

Griffing’s (1956) method of diallel analysis provides important information on the nature and
magnitude of the gene effects that contributes to select good parents for hybridization and
producing desirable and good segregants to enhance and improve quantitative traits. Gene action is
measured in terms of components of genetic variance or combining general ability variances effects
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(GCA) and specific combining ability variances (SCA) effects that were calculated using Griffing’s
(1956) Method 2 Model 1 for diallel analysis. The ratio of GCA/SCA was determined to evaluate the
gene action in the inheritance of the studied traits. If the ratio is more than unity this means that
the additive gene effects were more important than non-additive gene effects in the inheritance of
the studied traits.

Effect of heterosis

Better-parent (B.P.) heterosis was calculated according to the following formula given by Bhatt
(1971):

Where:

RESULTS AND DISCUSSION

In this investigation, mean squares of the analysis of variance for nine studied traits of 21 flax
genotypes (6 parents and 15 F1 crosses) are shown in Table 2.

Results indicated that the analysis of variance of genotypes, parents and crosses were highly
significant for all the studied traits indicating that all entries (parents and crosses) showed wide
genetic variability and the differences among all genotypes were significant. From the results in
Table 2, significant mean squares due to parents vs crosses (P.vs. C.) are found for all the studied
traits except technical length and fibre percentage traits. Variance of P. vs. C. is an indication of
average heterosis thus, all the studied attributes except technical length and fibre % showed
average heterosis among crosses. Mean squares of general combining ability (GCA) and specific
combining ability (SCA) were highly significant for all studied traits (Table 2). Therefore, it
appeared that the inheritance of these studied traits was controlled by both additive and non-
additive gene effects and the two type of gene action were very important for these traits.
Comparable results were obtained by Bhateria et al. (2006), Mishra et al. (2013), Pali and Mehta
(2014), Singh et al. (2016), Nirala et al. (2018), Swetha et al. (2021) and Prakashsinh et al. (2023).

The GCA variance was higher than the SCA variance and the ratio of GCA/SCA was greater than
unity for all the studied attributes, except for the number of basal branches and number of
capsules/plant traits (Table 2). Thus, results indicate that additive gene effects were more
important than non-additive gene effects for the control of the inheritance of these traits. This type
of gene action (additive effect) indicate that the selection should be effective in early segregation
generations without much increase in the cost of production. Singh et al. (2008) revealed that the
additive gene impact was more important than non-additive gene effect. Nirala et al. (2018)
reported that additive genetic variance exceeded non-additive genetic variance for flax plant height
and number of capsules per plant.

Combining ability effects

General combining ability (GCA) helps in the selection of parents which have high ability for
inheritance of all desirable traits to the progenies in their crosses and use these parents in the
hybridization programs to improve the target traits. General combining ability (GCA) effects of six
parents in diallel mating design are shown in Table 3.

Results revealed that the strain 620/1/3 (P1) showed high and positive general combining ability
effects for all the studied traits, suggesting that this strain must be used as a good general
combiner for improving these traits in flax breeding programs. The parent 2 (Sakha 3) exhibited
significant and positive GCA effects for plant height, technical length, fibre percentage and number
of seeds/capsule traits. Thus Sakha 3 (P2) is considered as better combiner for these four traits.
Belinka (P3) was good general combiner for straw yield/plant, plant height, technical length,
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number of basal branches and number of capsules/plant traits. The fourth parent Sozana showed
positive significant GCA effects for straw yield/plant, fibre percentage and number of
seeds/capsules traits, therefore considered as a good combiner for these traits. Beraton 2 (P5) and
Gawhar (P6) were good combiners for 1000-seed weight trait. In general and amongst the six
parents, the strain 620/1/3 was the best combiner for improving straw, seed yields and its
attributes. The two parents Sakha 3 (P2) and Belinka (P3) were the good combiners for plant height
and technical length traits. Therefore, the three parents S.620/1/3 (P1), Sakha 3 (P2) and Belinka
(P3) with positive significant general combining ability could be used with flax hybridization
program for improving the desirable traits.

Specific combining ability (SCA) effects

Gene action refers to the behavior or mode of expression of genes in a genetic population. General
combining ability refers to additive gene action but specific combining ability refers to non-additive
gene action which included dominance and epistatic effects. The crosses with high and positive
specific combining ability were very important for improving the desirable traits and related to
heterosis. Specific combining ability impacts in 15 F1 hybrids for nine traits of flax are showed in
table 4.

The results showed that eight crosses exhibited specific combining ability for straw yield/plant trait
(P1 x P3, P1 x P4, P1 x P5, P2 x P3, P2 x P4, P2 x P6, P3 x P4 and P3 x P5 Crosses). Regarding plant
height trait, seven crosses (P1 x P2, P1 x P3, P1 x P4, P2 x P3, P2 x P4, P3 x P6 and P5 x P6)
showed significant and positive specific combining ability impacts. Six crosses (P1x P2, P1 x P3, P2
x P3, P2 x P6, P3 x P6 and P5 x P6) were found to be the best specific combinations for technical
length trait. Thus, these crosses were the best for high technical length. Concerning the number of
basal branches trait, four crosses (P1 x P4, P1 x P5, P2 x P6 and P3 x P4) exhibited positive
significant SCA effects and four crosses (P3 x P6, P4 x P5, P4 x P6 and P5 x P6) showed negative
significant SCA effects and would be good combinations for non-branching trait which is very
important for fibre quality trait. With regard to fibre percentage trait, six crosses (P1 x P3, P1 x P4,
P2 x P3, P2 x P4, P4 x P6 and P5 x P6) recorded positive significant SCA effects, indicating that
these crosses were the good combinations for fibre percentage trait, thus, we may use these
crosses for improving fibre percentage trait. For seed yield/plant trait, ten crosses (P1 x P2, P1 x
P4, P1 x P5, P1 x P6, P2 x P4, P2 x P5, P2 x P6, P3 x P4, P3 x P5 and P4 x P5) were the best
combinations for improving seed yield/plant which gave positive significant SCA effects. Among 15
crosses, eight crosses (P1 x P2, P1 x P3, P1 x P4, P1 x P5, P2 x P4, P2 x P6, P3 x P4 and P3 x P5)
showed positive significant SCA effects for number of capsules/plant trait. Regarding number of
seeds/capsule trait six crosses (P1 x P2, P1 x P3, P1 x P4, P2 x P6, P4 x P5 and P4 x P6) recorded
significant and positive SCA impacts.

Eleven crosses (P1 x P3, P1 x P5, P2 x P3, P2 x P4, P2 x P5, P3 x P4, P3 x P5, P3 x P6, P4 x P5, P4 x
P6 and P5 x P6) exhibited positive significant SCA effects for 1000-seeds weight trait. These good
combinations of the nine traits considered very important in flax breeding programs for improving
straw and seed yields.

Mean performance of parents and crosses

Mean performance of six parents and 15 crosses for nine flax traits are stated in Table 5. The best
parent S. 620/1/3 recorded the highest values of straw yield/plant, plant height, technical length,
fibre percentage and seed yield/plant traits and recorded the less number of basal branches. This
parent is the best general combiner for all the studied traits. The parent Sakha 3 recorded high
values of plant height and fibre percentage. The parent Beraton 2 ranked the second in straw
yield/plant and number of capsules/plant traits, while Sozana ranked the second in technical length
and number of seeds/capsule. From Table 5, data illustrated that the highest mean value of the
good three crosses for nine studied traits were as follows: with regard to straw yield/plant, the good
three crosses which recorded the highest values of this trait were P1 x P4, P1 x P3 and P1 x P5. For
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plant height, trait the crosses P1 x P3, P1 x P2 and P2 x P3 showed the highest plant height. From
the 15 F1 crosses, the three crosses P1 x P2, P1 x P3 and P2 x P3 recorded the highest values of
technical length trait.

For low number of basal branches trait, the best three crosses were P1x P5, P2 x P6 and P1 x P2.
For fibre percentage the good crosses were P2 x P4, P2 x P3 and P1 x P3. Regarding seed
yield/plant trait, the crosses P1 x p5, P1 x P6 and P1 x P4 exhibited the highest values of seed
yield/plant. The best three crosses for number of capsules/plant trait were P1 x P3, P3 x P5 and P1
x P4 while, for number of seeds/capsule they were P2 x P6, P1 x P2 and P1 x P4 crosses. For low
1000-seed weight, the three crosses P2 x P4, P2 x P3 and P1 x P4 were the good crosses. In
general, the cross P1 x P4 ranked first for straw yield/plant trait and ranked third for seed
yield/plant, number of capsules/plant and number of seeds/capsule. The cross P1 x P3 ranked first
in plant height trait and number of capsules/plant and second in straw yield/plant and technical
length traits. Based on these results, the best crosses were P1 x P2, P1 x P3, P1 x P4, P1 x P5, P2 x
P3 and P2 x P4 thus it could be concluded that these six crosses would be a valuable in flax
breeding program to improve straw, seed yields and its components. These crosses included one or
two general combiners parents which is very important in improving flax breeding programs.

Heterosis effects

Hybridization of two genotypes produce superior crosses which can raise the yield, this superiority
refers to heterosis. The target of heterosis analysis is to find the best combinations of hybrids with
a high degree of heterobltiosis and commercial exploitation. The heterosis is essential for
increasing the productivity of crops without much increase in the cost of production. Results of
heterosis percentage relative to better parent (BP) for straw, seed yields and their components are
showed in Table 6. From the 15F1 crosses, three crosses P1 x P2, P1 x P3 and P1 x P4 exhibited
positive significant heterosis relative to better parent for straw yield/plant, plant height, fibre
percentage, seed yield/plant and number of capsules/plant traits. Therefore, these three crosses
were very important for improving straw and seed yield/plant in flax breeding programs.
Percentage of heterosis relative to better parent were significant and positive in eleven and eight
crosses in straw yield/plant and plant height traits, respectively. Only one crosses P2 x P3 showed
positive significant heterosis for technical length trait. The low number of basal branches was a
desirable trait. Thus, negative heterosis was important for this trait. Five crosses showed negative
heterosis for number of basal branches trait. Regarding fibre percentage, five crosses showed
positive significant heterosis. For seed yield/plant from 15F1 crosses, 12 crosses showed positive
significant heterosis, thus these crosses are important for improving seed yield/plant in flax. Six
and twelve crosses exhibited positive significant heterosis for number of capsules/plant and
1000-seed weight traits, respectively.

These crosses, which showed positive significant heterosis, were very important for improving
productivity of straw and seed yields of flax in plant breeding programs. Desirable heterosis was
obtained by several researchers for flax traits (Singh et al. 2009, Reddy et al. 2013, Mishra et al.
2013, Kumar et al. 2013a, Kumar et al. 2013b, Pali and Mehta 2014 and Kumar et al. 2016).

CONCLUSION

From the results of the present investigation, it appeared that the inheritance of studied traits were
controlled by both additive and non-additive gene effects. Thus, the two types of gene action were
important for the studied traits. The additive gene effects were more important than non-additive
gene effects for control the inheritance of studied traits, except for number of basal branches and
number of capsules/plant traits. Therefore, selection should be effective in early segregating
generations. From the investigation results, the parent S.620/1/3 was the best general combiner for
all studied traits and Sakha 3 was good combiner for plant height, technical length, fibre
percentage and number of seeds/capsule traits. Belinka (P3) was good general combiner for straw
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yield/plant, plant height, technical length, number of basal branches and number of capsules/plant
traits. Thus, we recommend the use these three parents S. 620/1/3, Sakha 3 and Belinka in flax
hybridization breeding programs to improve yield of flax. Six crosses P1 x P2, P1 x P3, P1 x P4, P1
x P5, P2 x P3 and P2 x P4 were the best combination of the most of the studied traits and
considered very important for improving flax traits. Three crosses P1 x P2, P1 x P3 and P1 x P4
showed significant heterosis for straw yield/plant, plant height, fibre percentage, seed yield/plant
and number of capsules/plant traits. Therefore, these crosses are important for improving flax traits
in breeding programs.
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