| 4. RESULTS AND DISCUSSION )

The present study was carried out to investigate the
heterosis and type of gene action for yield and its components as
well as the susceptibility to low nitrogen fertilizer by using six-
parental diallel crosses of flax.

For better representation and discussion of the results
obtained herein, it was preferred to outline the results into three
parts, the first is heterosis and combining ability analysis for
yield and its components, the second is concerned with genetic
components of variation and the third 1s the fertilizer
susceptibility index (FSI).

4.1. Heterosis and combining ability:
4.1.1. Analysis of variance and means:

The analysis of variance for each experiment (30 kg and
45 kg N/fed) and the combined analysis between them for all
traits are presented in Table (6). Results indicated that nitrogen
levels mean squares were significant for all studied traits.

Results in Table (7) presented the effect of nitrogen
fertilizer levels on the studied traits. It is clear that all traits
increased with 45 kg N/fed. This result might be attributed to the
pronounced improvement in yield and yield components (seed
and fiber). Similar results were recorded before by El-Farouk et
al. (1983), Salama (1983), El-Ganayni e/ al. (1985), Hella et al.
(1988), Mourad e¢r al. (1988), Ghanem (1990), Nimje (1991),
Salama (1991), El-Hindi er al. (1992), El-Shimey et al. (1993),
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Abd El-Fatah (1994), Esmail and Morsy (1994), Mohamed
(1996), El-Sweify et al. (1997), Kineber et al. (1998), Rajesh er
al. (1999), Singh and Verma (1999), Ash-Shormillesy (2001)
and Awad et al. (2001).

Highly significant genotypes mean squares were obtained
for all the studied traits in separate experiments as well as the
combined analysis, indicating the wide diversity between the
parental materials used in the present  study. Significant
genotypes x fertilizer nitrogen levels interaction mean squares
were obtained for all the studied traits except number of
seeds/capsule indicating that the tested genotypes varied from
one nitrogen level to another and ranked differently from 30 to
45 kg N/fed

For number of seeds/capsule, significant genotypes mean
squares along with insignificant genotypes x nitrogen levels
interaction mean squares was detected. These findings, therefore,
might revealed the high stability of the tested genotypes at both
nitrogen levels. Also, it may reflect the minor role of the non
additive type of gene action on the expression of this trait.

Results also, showed that mean squares due to parents
were significant for all the studied traits. Significant mean
Squares due to interaction between parent and nitrogen levels
were detected for the studied traits except plant height, oil
percentage and number of seeds/capsule. These findings indicate
that parental varieties and or lines differed in their mean
performance in all traits under test. Also, it revealed that parents
varied in their response to nitrogen levels in all traits except,
plant height, oil percentage and number of seeds/capsule.
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The mean performances of the parental lines and/or
varieties of flax at separate nitrogen levels as well as the
combined data are presented in Table (7).

Data presented in Table (6), showed that crosses mean
Squares were significant for all the studied traits, revealing
overall differences between these hybrids. Significant mean
Squares due to interaction between crosses and nitrogen levels
were detected for all traits except number of seeds/capsule. Such
results indicated that these hybrids varied in their response to
environmental fluctuations.

The mean performances of Fi hybrids in each nitrogen
level and over both of them are presented in Table (7).

The varieties Ariane-R, (P3) recorded the highest plant
height, technical length and fiber length followed by variety
S.strain, (P,). While high values of plant height, technical length
and fiber length of crosses were recorded by Ariane x S (3x4)
followed S.24191/1 x Giza 8 (1x2). This result indicated that
parents No. P; (Arian) and P, (S.strain;) contained the genes for
tall plant height

For fiber yield in gramme, the mean values for crosses
ranged from 0.84 (1x4), S.2419/1 x S| to 0.44 (5x6) Gawhar x
Bombay in the combined analysis. While, the mean values for
parents ranged from 0.37 P, (Bombay) to 0.77 P, (S.2419/1) in
the combined analysis. The highest values of fiber yield were
detected in the combined analysis by (1x4) S.2419/1 x S,
followed by (Ix2) 8$.2419/1 x Ariane and then by (2x4) Giza 8 x
Sy and (3x4) Ariane x S

RESULTS AND DISCUSSION:
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Concerning straw yield/plant in grammes, the mean
values for genotypes ranged from 7.41 (P¢) Bombay to 16.95
(1x4) S.2419/1 x S; in the combined analysis. The highest mean
values were obtained by crosses (1x4) S.2419/1 x Sy, (1x2)
$2419/1 x Ariane, (4x6) S; x Bombay and (3x4) Ariane x S;.
This result indicated that P, (S.2419/1) and Py (S.strain;)
contained the genes controlling high fiber yield.

For number of capsules/plant, the mean values of
genotypes ranged from 61.27 (1x4) $.2419/1 x S, to 29.43 for
(P;) Ariane in the combined analysis. The highest number of
capsules were obtained by cross (1x4) S.2419/1 x S, but without
significant superiority compared with (P)) S.2419/1, (1x2)
§.2419/1 x Giza 8, (1x3) $.2419/1 x Ariane-Ry, (1x5) S.2419/1 x
Gawhar, (1x6) S.2419/1 x Bombay, (2x3) Giza 8 x Ariane, (2x4)
Giza 8 x S, (2x5) Giza 8 x Gawhar, (2x6) Giza 8 x Bombay and
(3x4) Ariane X S;.

None of the hybrids, significantly, surpassed the highest

parent in number of seeds/capsule, 1000-seed weight and oil
percentage.

Concerning seed yield/plant in grammes, the mean values
for genotypes ranged from 2.16 (P;) Ariane to 4.68 cross (1x3)
$2419/1 x Ariane in the combined analysis. The highest mean
value was obtained by cross (1x5) S.2419/1 x Gawhar but
without superiority than crosses (1x3) S.2419/1 x Ariane, (1x4)
§2419/1 x Sy, (1x6) S.2419/1 x Bombay and (2x5) Giza 8 x
Gawhar in the combined analysis. The high seed yield/plant in
the previous crosses could be attributed to the high value of one

or more of the yield components (no. of capsules/plant, no. of

RESULTS AND DISCUSSION
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seeds/capsule and 1000-seed weight). It could be concluded that
these crosses would be efficient and promising in flax breeding
for improving seed yield/plant.

Correlation coefficient values between mid-parent and F I
hybrids mean values for each of the studied traits are presented
in Table (7). Significant positive correlation coefficient values
were obtained for all the studied traits at two nitrogen levels as
well as the combined analysis. Such result clarified good
agreement between mid-parent values and F| performance.
Consequently, the best performance of F, combination could be
achieved by crossing between parental (lines or varieties) of high
mean values.

4.1.2. Heterosis:

Mean squares for parents vs. crosses as an indication to
average heterosis over all crosses was of appreciable magnitude
in both experiments as well as their combined analysis for all
investigated traits (Table, 6). Significant interaction mean
squares between parents vs. crosses and nitrogen fertilizer levels
were detected for all the studied traits except plant height,
technical length, oil percentage, number of capsules/plant and
number of seeds/capsule, indicating that the heterotic effects
were affected by different nitrogen levels. For the exceptional
traits, insignificant interaction between parent vs. crosses and
nitrogen levels was detected. These results indicated that the
heterotic effects were not affected by nitrogen level changes.

Heterosis expressed as the percentage deviation of F,
mean performance from its mid- and better parent average values

RESULTS AND DISCUSSION:
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for all the studied traits at both nitrogen levels and averages of
their combined are presented in Table (8).

For plant height, seven, five and six crosses expressed
significant positive heterotic effects relative to mid-parent values
at 30, 45 kg N/fed as well as with the combined analysis,
respectively. While, two, one and two crosses from the previous
crosses showed significant positive heterotic effects relative to
better parent values in the same order. Significant positive
heterotic effects, for plant height was previously detected by
Krepkov and Michkina (1983), Ashry (1991), Heyland and
Hemker (1991), wang e al. (1996) and El-Sweify (2002).

Regarding technical length, six, seven and eight parental
combinations exhibited significant positive heterotic effects
relative to mid-parent values at 30, 45 kg N/fed and with the
combined analysis, respectively. While, three, two and one
crosses expressed significant positive heterotic effects relative to
better parent values in the same order. The best cross over both
N-fertilizer levels was (I1x2) S.2419/1 x Giza 8. Significant
positive heterotic effects for technical length was reached before
by Wang et al. (1996).

Concerning stem diameter, thirteen, fourteen and fourteen
hybrids exceeded significantly mid-parent values at 30, 45 kg
N/fed as well as with the combined average over them,
respectively. Also, twelve, twelve and twelve hybrids showed
significant positive heterotic effects relative to better parent
values in the same order. Also, the other crosses at least were
equal to their mid-parent or better than parent values. Significant
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positive heterotic effects for stem diameter were recorded before
by Ashry (1991).

For fiber length, eight parental combinations expressed
significant positive heterotic effects relative to mid-parent values
w both nitrogen levels and the combined analysis, While, three,
two and two hybrids exhibited significant positive heterotic
effects relative to better parent at 30, 45 kg N/fed as well as at
the combined analysis, respectively. The two crosses (1x2)
S.2419/1 x Giza 8 and (3x4) Ariane x Strain | gave significant
positive heterotic effects relative to mid-parent or better parent
values at both nitrogen levels as well as the combined analysis.
Significant positive heterotic effects for fiber length were
recorded before by Sallam e/ i (1981), Krepkov and Michkina
(1983), Ashry (1991) and Wang et al. (1996).

Regarding straw yield, thirteen, fifteen and fifteen
parental combinations exceeded significantly mid-parent values
at 30, 45 kg N/fed as well as at the combined analysis,
tespectively. Also, two, five and four crosses from the previous
hybrids showed significant positive heterotic effects relative to
better parent value in the same order. The crosses (5x6) Gawhar
X Bombay, (3x5) Ariane x Gawhar and (2x3) Giza 8 x Ariane
recorded the highest values of heterotic effects for this trait.
Significant positive heterotic effects for straw  yield were
previously reported by Sallam er al (1981), Singh et al. (1983),
Wang et al. (1996) and El-Sweify (2002).

Concerning  fiber yield, fourteen, fifteen and fifteen
hybrids significantly exceeded mid-parent value at 30, 45 kg
N/fed as well as at the combined analysis, respectively. While,
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nine and eight crosses from the previous hybrids exhibited
significant positive heterotic effects relative to the better parent
values in the same order. The crosses (3x4) Ariane X S, followed
by (4x6) Sy X Bombay and then by (2x4) Giza 8 x S recorded
the highest values of heterotic effects relative to the better parent
values in the combined analysis. These CrOSSES exhibited
heterosis for one or more of traits contributing to fiber yield. The
heterotic magnitude, however, differed from case to casc. This
finding agrees with general trend where the expression of
heterosis for a complex trait could be explained on the basis of
component interaction, as the numerical value recorded for a
complex trait is always a function of its components. It could be
concluded that these crosses would be efficient and prospective
in flax breeding programs for improving fiber yield per plant.
Significant positive heterotic effects relative to higher fiber
yielding parent were also reached before by Heland and Hemker
(1991) and Wang el al. (1996).

Concerning 1000-seed weight, fourteen, thirteen and
fourteen crosses exhibited significant positive heterotic effects
relative to mid-parent value at 30, 45 kg N/fed as well as with
the combined analysis, respectively. While, one, two and one
crosses exceeded significantly the better parent in the same
order. Significant positive heterotic effects for 1000-seed weight
were recorded by Singh et al. (1983), Dakhore ef al. (1987) and
Heyland and Hemker (1991).

For number of seeds/capsule, thirteen, ten and twelve
parental combinations exhibited significant positive heterotic
effects relative to mid-parent values at 30, 45 kg N/fed as well as
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with combined analysis, respectively. While two, one and two
crosses expressed significant positive heterotic effects relative to
the better parent value in the same order. The two crosses (1x2)
S.2419/1 x Giza 8 and (4x5) S, x Gawhar recorded the highest
values of heterotic effects for this trait in the combined analysis,
The same trend of the present results was reported before by
Singh er al (1983) and El-Sweify (2002).

Concerning  number of capsules/plant, al] Crosses
exhibited significant positive heterotic effects relative to mid-
parent values €Xcept cross (1x2) S.2419/1 x Giza 8 at both
nitrogen levels as well as with the combined analysis. Also,
Seven, one and three crosses from the previous hybrids expressed
significant positive heterotic effects relative to better parent at
30, 45 kg N/fed and the combined analysis, respectively. The
three crosses (3x6) Ariane x Bombay followed by (5x6) Gawhar
X Bombay and then by (3x4) Ariane x S| recorded significant
positive heterotic effects relative to the better parent in the
combined analysis, Significant positive heterotic effects relative
to mid-parent or better parent values were recorded by Singh e/
al. (1983), Heyland and Hemker (1991), Wang e al. (1996) and
El-Sweify (2002).

For oil percentage, seven, two and four crosses exhibited
significant positive heterotic effects relative to the mid-parent
values at 30, 45 kg N/fed as well as the combined analysis,
respectively. While, the Cross (3x6) Ariane x Bombay at 30 kg
N/fed recorded significant positive heterotic effects relative to
the better parent value. Similar results were also obtained by
Heyland and Hemker (1991), Tolba (1991) and El-Sweify (2002).
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Concerning  seed yield/plant, thirteen, thirteen and
fourteen crosses exhibited significant positive heterotic effects
relative to mid-parent values at 30, 45 kg N/fed as well as the
combined analysis, respectively. Also, seven three and three
crosses from the previous Crosses showed significant positive
heterotic effects relative 1o better parent values in the same
order. The crosses (1x3) $2419/1 x Ariane, (1x3) S.2419/1 x
Gawhar and (2x5) Giza 8 X Gawhar showed the desirable
heterotic effects over both nitrogen levels for seed yield/plant.
The previous Crosses exhibited superiority n one or more of the
traits contributing seed yield. The heterotic effects were different
from one nitrogen level to another. This finding coincided with
that reached before for significant genotypes by fertilizer mean
squares (Table, 6). Significant positive heterotic effects relative
to higher yielding parent were also reached before by Krepkov
and Michkina (1983) and El-Sweify (2002).

4.1.3. Combining ability variance:

Analysis of variance for combining ability as outlined by
Griffing’s (1956) method 2 model 1 at each nitrogen levels as

well as their combined average for all the studied traits is shown
in Table (9).

The mean squares associated with general and specific
combining abilities were significant for all traits at each nitrogen
levels as well as the combined analysis, revealing that additive
and non-additive gene effects were involved in determining the
performance of single cross progeny. Also, results showed that
all the traits expressed significant GCA/SCA ratios which
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exceeded the unity, indicating the predominance of additive and
additive by additive gene action in the inheritance of each trait.
These results were along the same line of those reported by
Sprague and Tatum (1942), Wright (1985), El-Farouk et al
(1998), Prygun and Polonetskaya (1985), Dang er al. ( 1987),
Ashry ( 19919, Tak (1994) and Stuthman and Stucker (1975).

The mean squares of the interaction between nitrogen
levels and both types of combining ability were significant for al]
traits except with no. of seeds/capsule which showed
insignificant GCA x nitrogen fertilizer and SCA x nitrogen
fertilizer indicating that the magnitude of both additive and non-
additive types of gene action varied from one nitrogen level to
another,

For no. of seeds/capsule, insignificant mean squares of
interaction between nitrogen levels and both types of combining
ability were detected indicating that the magnitude of additive
and non-additive types of gene action did not differ from one
nitrogen level to another.

With the exception of 1000-seed weight, no. of
capsules/plant, seed yield/plant and straw yield/plant, it is fairly
evident that mean squares of SCA x nitrogen levels/SCA were
much higher than GCA x nitrogen levels/GCA. Such results
indicated that non-additive gene effects were much more
influenced by the nitrogen fertilizer levels than additive genetic
effects in these traits. Specific combining ability was tested by
several investigators to be more sensitive to environmental
changes than GCA (Gilbert, 1958; Shehata and Comstock, 1971;
Patil and Chopde, 1981: Sallam et al. (1981; Marchenkov, 1984;
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Rao and Singh, 1984; Prygun and Polonetskaya, 1985; Chung
and Plonka, 1986; Dakhore ef dal., 1987, Dang et al., 1987 and
Abo Kaied, 2002).

For 1000-seed weight and no. of capsules/plant, the ratio
of mean squares of GCA x nitrogen levels/GCA and SCA x
nitrogen levels/SCA were similar in magnitude, revealing that
additive and non-additive gene action were similarly influenced
by the nitrogen levels. However, with seed yield and straw
yield/plant, the ratios of mean squares of GCAxnitrogen
levels/GCA were much higher than SCA x nitrogen levels/SCA.
This result indicates that additive genetic effects were much
more influenced by the nitrogen levels.

4.1.4. General combining ability effects:

General combining ability effects (&) of each parent for
the studied traits at both fertilizer levels as well as the combined
analysis are presented in Table (10). Such effects are being used
to compare the average performance of each parent with other
parents and its performance to select of parents (variety and/or
lines) for further improvement.

High positive values would be interest for all the studied
traits. The parental variety S.2419/1 expressed significantly
positive g, effects for all the studied traits except stem diameter
and number of seeds/capsule at both fertilizer N-levels as well as
the combined data, and seed yield/plant at 30 kg N level for stem
diameter at both N fertilizer levels as well as the combined data
and seed yield/plant at 30 kg N level, insignificant g, effects
were detected. However, it recorded significant negative g, effects
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for number of seeds/capsule at both fertilizer N-levels as well as
the combined analysis.

The parental variety Giza 8 was the best general combiner
for 1000-seed weight, oil percentage and number of capsules/
plant, at both N-levels as well as the combined analysis, plant
height in the combined analysis, fiber yield and straw yield at 45
kg N/fed and the combined analysis, and seed yield/plant at 45 kg

N/fed. Also, it appeared insignificant or significantly negative i
cffects for other cases.

The parental variety Ariane (P;) exhibited significantly
positive g; effect, for plant height, technical length, fiber length
and number of seeds/capsule at both N-levels as well as the
combined analysis. Also, it gave significantly negative or
insignificant g, effects for other traits.

The parental line strain; (Py) expressed significantly
positive g; effects for plant height, technical length, 1000-seed
weight, oil percentage, fiber yield, number of capsules/plant, and
straw yield at both nitrogen fertilizer levels and the combined
analysis, and seed yield/plant at 30 kg N/fed and the combined
analysis. However, it had significantly negative or insignificant
g effects for other traits, The parental variety Gawhar (Ps)
seemed to be good combiner for stem diameter at both nitrogen
levels as well as the combined analysis, while, it gave
undesirable (g;) effects for other traits. Therefore, this parent was
considered as a poor one for these traits.

The parental variety Bombay (Ps) expressed significantly
positive (§,) effects for number of seeds/capsule at both nitrogen
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levels as well as the combined analysis. While, it was considered
as a poor combiner for other traits.

The parental varieties Gawhar (Ps) and Strain 1 (Ps)
expressed significantly positive g, effects for plant height, fiber
length compared to other parents at both nitrogen levels as well
as the combined analysis. The two parental strains S.2419/1 (Py)
and Strain 1 (P;) gave the highest g effects for number of
capsules/plant, straw yield, oil percentage and fiber yield at both
fertilizer levels as well as the combined analysis, also,
significantly superior over other parents. Also, $.2419/1 seemed
to be good combiner for 1000-seed weight and seed yield/plant
showing significant superiority than other parents.

The two parental varieties Ariane (P3) and Bombay (Pg)
gave the highest g effects for number of seeds/capsule and it
significantly differed than other parents.

In all traits, the values of (&1) mostly differed from one
nitrogen level to another. This finding coincided with the
detected significant GCA x fertilizer mean squares Table (9).

It is worth mentioning that good agreement between the
parental performance and its (g) effects was obtained for all
traits (Table, 10). This finding indicates that intrinsic
performance of parental varieties and/or lines gave a good index
of their (g;) effects. Therefore, selection with the tested parental
population for initiating any proposed breeding program could
be practiced either on mean performance or (8, effects basis
with similar efficiency. Such agreement might add another proof
to the preponderance of additive genetic variance in these cases.
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4.1.5. Specific combining ability effects:

Specific combining ability effects for each cross at N, (30

kg N/fed), N, (45 kg N/fed) and the combined analysis are
present of in Table (11).

For plant height, five, five and four crosses exhibited
significantly positive (Si_i) effects at N;, N, and the combined
analysis, respectively.

Tallness, if found in flax is favorable for increasing
technical length, straw yield and fiber yield. The four crosses
(1x2) §.2419/1 x Giza 8, (Ix4) S.2419/1 x S, (3x4) Ariane x S
and (5x6) Gawhar x Bombay gave the highest S; effects in the
combined analysis for this trait. In addition, the first three
previous crosses (1x2) S.2419/1 x Giza 8, (1x4) S$.2419/1 x S,
and (3x4) Ariane x S, involved one or two good combiners for
this trait. Hence, it could be concluded that the three crosses are
valuable in breeding for increasing plant height.

For technical length, three, four and five crosses exhibited
significantly positive S effects at N, N, as well as the combined
analysis, respectively.

For fiber length, three, four and six crosses exhibited
significantly positive S;j effects at Ny, N, as well as the combined
analysis, respectively. The three crosses (1x2) §.2419/1 x Giza 8,
(3x4) Ariane x Strain 1 and (5x6) Gawhar x Bombay gave
significantly positive (Sij) effects at both nitrogen levels as well
as the combined analysis for this trait. Also, the first two crosses

from the previously mentioned crosses involved one or two good
combiners for this trait.
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Eight, eight and eleven parental combinations expressed
significantly positive (S;) effects for stem diameter at Ny, N; as
well as the combined analysis, respectively. The cross (1x5)
$.2419/1 x Gawhar gave the highest S; effects in the combined
analysis followed by (3x6) Ariane x Bombay and then by (3x5)

Ariane x Gawhar.

Regarding straw yield, eight, nine and eleven parental
combinations expressed significantly positive S, effects at Ny, N,
as well as the combined analysis, respectively.

For fiber yield, eight, nine and ten hybrids exhibited
significantly positive (S;) effects at N, Ny as well as the
combined analysis, respectively. For both traits, straw and fiber
yields, the six crosses (1x5) §.2419/1 x Gawhar, (1x6) S.2419/1
x Bombay, (2x6) Giza 8 x Bombay, (3x5) Ariane X Gawhar,
(4x5) S, x Gawhar and (4x6) S; X Bombay gave the highest S
effects in the combined analysis.

For number of capsules/plant, eight, nine and ten parental
combinations expressed significantly positive (S;) effects at Ny,
N, as well as the combined analysis, respectively. The best
combinations were (1x3) S.2419/1 x Ariane, (2x3) Giza 8 x
Ariane and (3x4) Ariane x S;. This result is logicaly expected
where the parents S.2419/1, Giza 8, Ariane and Strain 1 were of
D or O types.

Concerning, number of seeds/capsule, five, four and
seven parental combinations exhibited significantly positive (Si)
effects at Ny, Ny as well as the combined analysis, respectively.
The best crosses were (1x2) $.2419/1 x Giza 8, (3x4) Ariane x S,

and (5x6) Gawhar x Bombay, where they gave significantly
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positive S; effects at both N-levels as well as the combined
analysis.

Regarding 1000-seed weight, seven, eight and eight
parental combinations expressed significant positive (SU) effects
at Ny, Nj as well as the combined analysis, respectively. The best
combinations were (1x3) S.2419/1 x Ariane, (2x3) Giza 8 x
Ariane and (3x4) ariane x S, at both N-levels and the combined
analysis.

Regarding oil pereentage, the crosses (1x3) S.2419/]
Artane, (3x4) ariane x S, (3x5) Ariane x Gawhar and (4x5) S, x
Gawhar at N,; (Ix3) S.2419/1 x Ariane at Na; and (1x3)
5.2419/1 x Ariane, (3x4) ariane x S, and (4x5) S| x Gawhar in
the combined analysis exhibited significantly positive (S,-J)
effects. The best cross was (I1x3) §.2419/1 x Ariane which gave
significantly positive Sjj effects at Ny, N, the combined analysis.

Concerning seed yield/plant, six, five and eight parental
combinations expressed significantly positive S effects at N;, N,
as well as the combined analysis, respectively. The best parental
combinations were (1x3) $.2419/1 x Ariane, (1x5) S.2419/1 x
Gawhar, (3x4) Ariane x Si, (3x6) Ariane x Bombay and (5x6)
Gawhar x Bombay at N;: (1x3) S.2419/1 x Ariane, (2x6) Giza 8
x Bombay, (3x4) Ariane x Sy and (3x5) Ariane x Gawhar at N,;
and (1x3) S.2419/1 x Ariane. (Ix5) S.2419/1 x Gawhar (3x4)
Anane x S, and (3x3) Ariane x Gawahr, in the combined
analysis. Tt could be concluded that the previous crosses seemed
to be the best combinations since they had significant S effects
for more than one of seed yield components.

RESULTS AND DISCUSSION
74



The best combinations were (1x3) S.2419/1 x Ariane,
(2x3) Giza 8 x Ariane and (5x0) Gawhar x Bombay for seed
yield/plant, (1x2) S.2419/1 x Giza 8, (1x6) S.2419/1 x Bombay,
(3x6) Ariane x Bombay, (4x5) S, x Gawhar and (4x06) S, x
Bombay for fiber yield and (1x5) §.2419/1 x Gawhar, (2x5) Giza
8 x Gawhar, (2x6) Giza 8 x Bombay, (3x4) Arane x S, and
(3x5) Ariane x Gawahr for both fiber and seed yields. The
mentioned combinations might be of interest n breeding
programs aiming to produce pure line varieties for high seed or
fiber yields or both, whereas most combinations involved at least
one good combiner for these propuse.

In most traits, the values of S; effects differed from one
environment to another. This finding coincided with that reached
above for significant SCA by environment mean squares (Table,
8).

The previous crosses that showed high (S;) effects had
only one good combiner. Such combinations would show
desirable transgressive segregates providing that the additive
genetic systems present in the good combiner as well as the
complementary and epistatic effects present in cross act in the
same direction to reduce undersirable plant characteristics and
maximize the character in view. Therefore, the previous crosses
might be of prime importance in breeding program for traditional
breeding procedures.

4.2. Genetic components of variation:

Data were subjected to the diallel cross analysis produced
by Hayman (1954a and b) for more information about the

RESTULTS AND DISCUSSTION
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genetical behaviour of the agronomic characters under study.
The computed parementers for al] the studied traits are presented
in Table (12).

Significant (D) values were detected for all the studied
raits at both nitrogen levels. This finding confirms the results
shown above by GCA mean squares in Table (9).

Significant values for the dominance component (H))
were obtained for all the studied traits at both nitrogen levels.
Values of (H,) were larger in magnitude, than the respective (D)
ones for stem diameter and seed yield/plant at both nitrogen
levels, and no. of seeds/capsule and fiber yield/plant at 45 kg
N/fed. Also, the quantity (H;/D)'? is a weighed estimate of the
average degree of dominance at each locus. The values of
(H|/D)"2 were higher than the unity for these cases, indicating
that the over dominance may be important as previously reported
by Ashry (1991), Wang er al. (1996) and Foster (1998). This
result also revealed that non-additive type of gene action was the
Most prevalent genetic components for these cases.

The values of (D) in most cross were larger in magnitude
than the respective (H,) ones, indicating that the additive and
additive x additive types of gene effects were the most prevalent
genetic components. Also, the ratio of (Hi/D)"* was found to be
less than unity, revealing the presence of partial dominance.
Similar results were previously reported by Badwal er al (1972),
Doucet and Flipescu (1982), Rao and Singh (1985), Sharma er
al. (1986), Rao and Sing (1987), Stapath e/ al. (1987) and Ashry
(1991).
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The overall dominance effects of heterozygous
locisymbolized as (h*) were estimated for all the studied traits
(Table, 12). Significant (h%) values were detected for all traits
indicating that dominance was unidirectional. This finding
confirms the results shown above by parent vs. CTOSSES illustrated
in Table (6).

The average frequency of negative vs. positive alleles in
parental populations was detected by the ratio (Ha/4H,). Values
that deviate from one quarter were detected for stem diameter,
oil percentage and seed yield/plant at 30 kg N-level, revealing
that negative and positive alleles were unequally distributed
among the parents. The same conclusion could also be drawn
from estimating either (F) component or the corresponding
proportion Kp/Kg.

Significant and negative correlation coefficient values
between parental mean (Yr) and (Wr + Vr) for each array were
obtained for stem diameter, no. of capsules/plant, seed
yield/plant, straw yield/plant, 1000-seed weight and fiber yield at
both nitrogen levels; and oil percentage at 30 kg N/fed. This

indicates that the increasers genes were dominant over decreasers.

With the exception of stem diameter at 43 kg N/fed and
number of capsules/plant at 30 kg N/fed.. high to moderate
heritability values in narrow sense Were detected for all traits,
indicating that most of genetic variance may be due to additive
type of gene action. This finding supported the previous results
of genetic components where (D) estimates had a high role for
these cases. Consequently, selection could be useful in this
respect. For the exceptional cases, both types of gene action

RESULTS AND DISCUSSION;
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(additive and non-additive) were most prevalent of the genetic
variance.

4.3. Fertilizer susceptibility index (FSI):
4.3.1. Mean performance:

The mean performances of the six flax parents and their
hybrids for most traits were used for estimating susceptibility to
low nitrogen level by using three equations i.e. [ HYs/Yn)/D]
(Fisher and Maurers. 1978), SINS (Saulescu. er al., 1995), [(NS-
S)/NS] (Ali Dib er al.. 1990) (Table, 13).

Mean squares of (FSI) for genotypes were significant for
all traits except number of seeds/capsule in the three methods
and technical length by NS-S/NS only.

Significant (FSI) mean Squares of parents were detected
for all traits under study except oil percentage in the three
methods, number of capsule in the first and second methods, and
technical length in the third method.

The mean performances of the six parents of flax for FSI
by the three methods are presented in Table (14). The
susceptibility index was used to estimate relative stress injury
because it accounted for variation in traits potential stress
intensity,

Application of the performance of parents of the studied
traits based on (FSI) over both fertilizer treatments 30 kg N/fed
(low) and 45 kg N/fed (normal) (stress and non stress) indicated
that the parental variety P, gave the desirable FS] for number of
seeds/capsule, parent P3 for 1000-seed weight, fiber length and

RESULTS AND DISCUSSION
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fiber yield, parent (Ps) for technical length, fiber length, fiber
yield, seed and straw yields in the three methods used in this
study. However, the other parents showed undesirable (FSI) for
all the studied traits.

Mean squares of hybrids were significant for all traits
except technical length, oil percentage and fiber length 1n
method 1, 2 and 3, respectively.

Fertilizer suceptability index values of 15 tested hybrids
are presented in Table (14),

For plant height and stem diameter the crosses (2x4) Giza
8 x S, (3x5) Ariane X Gawhar and (5x6) Gawhar X Bombay
save desirable susceptibility index for stress of nitrogen
fertilizer. While for technical length, the two crosses (1x3)
§2419/1 x Ariane and (4x5) S; X Gawhar gave the higher
susceptibility index for low nitrogen fertilizer. Two Crosses,
namelly (3x5) Ariane X Gawhar and (3x6) Ariane X Bombay
recorded desirable index for number of capsules/plant, the three
crosses (2x4) Giza 8 x Sy, (2x6) Giza 8 X Bombay and (3x6)
Ariane x Bombay for number of seeds/capsule, the three crosses
(2x4) Giza 8 x Sy, (2x6) Giza 8 X Bombay and (4x6) S X
Bombay for 1000-seed weight, the six crosses (1x6) $.2419/1 x
Bombay, (2x6) Giza 8 X Bombay, (3x4) Arane X S,, (3x5)
Ariane x Gawhar, (3x6) Ariane X Bombay and (4x6) S| x
Bombay for oil percentage, one Cross (4x5) S, x Gawhar for
fiber length, the three crosses (3x5) (Ariane X Gawhar, (3x6)
Ariane x Bombay and (4x5) S; X Gawhar for seed yield/plant
and fiber yield; and the two Crosses (3x5) Ariane x Gawhar and
(5x6) Gawhar x Bombay for straw yield in the three methods

RESULTS AND DISCUSSION:
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gave desirable susceptibility index for stress of nitrogen
fertilizer. The hybrids which showed significant desirable FSI
for seed, straw and fiber yields comprised Ps, which was
classified above as being of a desirable (FSI) for these traits.

Therefore, it could be concluded that Ps had higher ability to
transmit its desirable FSI to its hybrids.

Significant positive correlation coefficient values between
mid-parent and F, hybrids mean values for each of the studied
traits are presented in Table (14).

Desirable susceptibility index were obtained for seed,
straw and fiber yields/plant in the three methods, oil percentage
i the first and third methods, Such result clarified good
agreement between mid-parent values and Fi performance.
Consequently, the best performance of F; combination could be
achieved by crossing between parents of high (FSI).

Insignificant correlation values were detected for all the
rest cases indicating that certain high and low parental lines/or
varieties may produce outstanding F, hybrids in this concern.

Mean squares for parents vs. crosses as an indication to
average heterosis over all crosses were significant for (FSI) in
all traits in the three methods €xcept stem diameter, fiber length
and fiber yield in the three methods, technical length in the first
and second methods, and number of capsules/plant in the third
method (Table, 13).

RESULTS AND DISCUSSION
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4.3.2. Combining ability variance:

Analysis of variance for combining ability as outlined by
Griffing’s (1956) method 2 model 1 for FSI of all the studied
traits, is presented in Table (15).

The mean squares associated with general combining
ability GCA for (FSI) were significant for all traits except
number of seeds/capsule in the three methods, and plant height
and oil percentage in the third and second methods, respectively.
The mean squares associated with specific combining ability of
FSI were significant for all traits except number of seeds/capsule
in the three methods, and number of capsules/plant, straw
yield/plant and oil percentage in the second method. The mean
squares associated with general combining ability were
insignificant along with significant specific combining ability for
FSI of plant height in the third method indicating that non-
additive type of gene action was the more important part of the
total genetic variability for this case. However, the mean squares
of general combining ability were significant along with
insignificant SCA for FSI in number of capsules/plant and straw
yield/plant in the third and second method, revealing that
additive type of gene action was the more important part of the
total genetic variability. For other cases, the variances associated
with GCA and SCA were significant for FSI. In such cases to get
an idea about the predicated performance of single-cross progeny
in each case, the relative size of general and specific combining
ability mean squares may be helpful. Low GCA/SCA ratios of
less than unity were detected for plant height in the three

methods, indicating the predominance of non-additive gene action
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in the inheritance of FSI of this trait. Results showed that the
other cases expressed high GCA/SCA ratios, which exceeded the
unity indicating the predominance of additive and additive by
additive gene action in the inheritance of FSI of such cases.

4.3.3. General combining ability effects:

FSI estimates of GCA effects (&) for individual parents of
each trait are presented in Table (16).

The parental line §.2419/1 (P)) expressed undesirable &
offects of FSI for number of capsules/plant, seed yield/plant,
fiber yield and straw yields/plant by the three methods. Also, it
showed insignificant g; effects for other traits.

The parental variety Giza 8 (P) expressed significant
desirable § effects of FSI for 1000-seed weight in the three
methods. On the other hand, it gave undesirable or insignificant
&, effects for the rest traits.

The parental variety Ariane-R; (P3) expressed significant
desirable §; effects in the used three methods for plant height, no.
of capsules/plant, straw yield/plant, 1000-seed weight and fiber
yield. However, it was near the average for other traits. The
parental line S strain 1 (Py) exhibited significant desirable &
effects of FSI for fiber yield. While, it expressed the poorest g;
offects for FSI in other traits. The parental variety Gawhar-552
(Ps) expressed significant desirable g effects for FSI in stem
diameter, seed yield/plant, straw yield/plant, 1000-seed weight
and fiber length. Therefore, variety Gawhar-552 could be

considered as an excellent parent in breeding programes aimed
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to release a high yielding (seed and fiber) variety under low
nitrogen levels. The parental variety Bombay (Ps) gave
significant desirable §; effects of FSI for ojl percentage and straw
yield, but was near the average for other traits.

The three methods used to estimate FSI gave the same
results for each parent in all traits.

4.3.4. Specific combining ability effects:

Specific  combining ability of parental combinations
which were computed for (FSI) for all traits, are presented in
Table (17).

For FSI of plant height, the three crosses (2x4) Giza 8 x
Si. (2x6) Giza 8 x Bombay and (3x5) Ariane x Gawhar
expressed significant desirable Sij effects in the three methods.
The first two crosses involving only one good combiner.

For FSI of technical length, the cross (1x3) S.2419/1 x
Ariane gave significant desirable S,-j effects in the three methods.
While, the cross (4x5) S, x Gawhar exhibited significant
desirable S;; effects in the first and second methods.

Regarding stem diameter, the two crosses (1x3) S.2419/1
X Arnane and (3x4) Ariane x Si expressed significant S, effects
of FSI in the three methods.

The two crosses (1x5) $.2419/1 x Gawhar and (4x6) S, x
Bombay and the cross (3x6) Ariane x Bombay expressed
significant desirable Sij effects of FSI in the three methods for
1000-seed weight and seed yield/plant, respectively. Also, the
two crosses (1x6) S.2419/1 x Bombay and (4x5) S, x Gawhar
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exhibited significant negative S effects and FSI in the first and
third method.

Significant desirable S; effects of FSI in the three
methods were exhibited by the crosses (1x3) $.2419/1 x Ariane
and (4x5) S; x Gawhar for fiber length, and (1x3) S.2419/1 x
Ariane and (3x4) Ariane x S; for straw yield.

From the previous results, the three methods used to
estimate FSI were similar.

The previous crosses that showed desirable S; effect of
FSI had one or two good combiners. Such combination, would
show desirable transgressive segregates providing that the
additive genetic system presents in the good combiner as well as
the complementary of epistatic effects present in the cross act in
the same direction to reduce undesirable plant characteristics and
maximize the character in view. Therefore, the previous crosses
might be of prime importance in breeding program for traditional
breeding procedures to stress environments (low nitrogen
fertilizer).

Stress tolerant genotypes, as defined by FSI values, need
not have a high yield potential sine FSI provides a measure of
tolerance based on minimization of yield loss under stress rather
than on stress yield per season.

Genotypes identified as stress tolerant using FSI should
posses tolerance mechanisms, which may need to be
incorporated into germplasm with higher yield potential for
development of high yielding, and stress tolerant cultivars.
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