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Abstract

The present investigation was carried out at Giza Agric. Res.
Farm, Agric. Res. Center (A.R.C.) during 2003/04, 2004/05 and
2005/06 seasons. The main objective was to evaluate five
parental genotypes {Giza 4 (P,), Belinka (P;), S.2465/1 (Ps),
S.533/39 (P;) and Sakha 1 (Ps)}, in addition to four possible
crosses (P;xP;, P;xPs, P;xPs and P;xPs) in the F; and F
generations for yield, heterosis, inbreedirig depression, genetic
parameters, phenotypic (r,) and genotypic (r;) correlations.
Results showed that the cross F, (PxPs) was superior to other
entries in plant height and technical stem length but it ranked
second for fiber percentage. The cross F, (P;xPs) recorded the
highest straw and fiber yields/plant, while the strain 2465/1
ranked first in seed yield / plant followed by F, (PyxP;) and F,
(P1xP3).The majority of studied crosses showed positive heterosis
values over mid-parents, but few ones over the better parent for
straw and seed traits. The cross Py;xP; performed inbreeding gain
in most seed characters, while the two crosses PyxPs and P,xPs
exhibited inbreeding advancement in F, generation for six straw
traits and five seed characters. The estimates of r, coefficient
were significant and positive between plant height and each of
technical stem length, fiber yield/plant and fiber percentage with
ry positive values. The estimates of r, coefficient between no. of
capsules/plant and each of no. of seeds/plant, seed index and
seed yield/plant recorded significant positive correlation with ry
values.

INTRODUCTION

Flax (Linum usitatissimum L.) ranked first among the bast fiber crops grown in
Egypt. Many industries had been established on flax products i.e., fiber and seeds, in
addition to a high protein linseed cake which remains after the seed oil extraction for
dairy cattle feed. As the area cropped to flax is limited, it becomes necessary to direct
research efforts toward improving flax productivity. Many investigators found
differences among flax genotypes in yield and its components such as Abo El-Zahab et
al. (1994), Abo-Kaied ef al. (2006) and El-Shimy et a/. (2006). Heterosis in flax had
been studied by Momtaz et al. (1978), Seehuber (1984), El-Farouk et a/.(1998), El-
Sweify (2002) and El-Refaie (2003). Moreover, phenotypic and genotypic correlations
were also studied by Abo El-Zahab ef a/. (1994) and Abo-Kaied et a/, (2006).
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The present investigation aimed to evaluate five parental flax genotypes, four
possible crosses in F, and F, generations regarding straw and seed yields and some
" related characters. In addition, heterosis, inbreeding depression, genetic parameters,
phenotypic and genotypic correlations were also studied.

MATERIALS AND METHODS

This study was carried out at Giza Agric. Res. Station Farm, A.R.C., during three
successive seasons, 2003/04, 2004/05 and 2005/06. Five parental flax genotypes, four
possible crosses in F; and F, generations were used. Four of these genotypes, Giza 4
(Py), $.2465/1 (P3), S.533/39 (P4) and Sakha 1 (Ps) were evolved by Fiber Crops Res.
Department, while Belinka variety (P,) was imported from Holland. The soil texture
was clay loamy and the normal cultural practices of growing flax were followed up to
maturity stage.

In the first season, the five parental genotypes were sown on 12 November
2003. Four possible crosses were made as follows, PyxPs, PyxPs, P1xPs and PxPs. In
the second season, parental and hybrid seeds were sown on 15 November 2004, at
the same time four crosses were repeated to obtain new hybrid seeds. In the third
season, seeds of parental genotypeé, F; and F, of the four possible crosses were sown
on 11 November 2005. A randomized complete block design with three replicates was
used. Plots size was 2x3 m, each plot contained 10 rows 20 cm apart and three
meters long. Seeds were sown 5 cm apart. At maturity, samples of 90 random
guarded plants from each parent, F, and F, generations were collected and the
following data were recorded on individual plant basis:

A- Straw and seed yields
1- Straw yield and related characters

Plant height (cm), technical stem length (cm), apical branch zone length (cm),
number of basal branches, straw yield/plant (g), fiber yield/plant (g) and fiber
percentage.

2- Seed yield and related characters

Number of apical branches, number of capsules/plant, number of seeds/capsule,
number of seeds/plant, seed index (1000-seed weight in g) and seed yield/plant (g).

Statistical analysis

Data were subjected to statistical analysis as proposed by Snedecor and
Cochran (1982) and means were compared by least significant difference (LSD) at
0.05 and 0.01levels of probability.
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B- Heterosis and inbreeding depression

Heterosis was calculated as a percentage of F; mean for each character and
either the corresponding mid - parents or better parent means according to the
following formula:

Heterosis over mid parents (%) = ((F,-MP) / MP) x 100

Heterosis over better parent (%) = ((F1-BP) / BP) x 100

The inbreeding depression equation for studied characters was as follow:
The inbreeding depression (%) = ((F;-F») / F;) x 100.

C- Phenotypic and genotypic correlation coefficients:

Phenotypic (rp) and genotypic (rg) correlation coefficients were calculated
according to the formula suggested by Al-Jibouri et al. (1¢58).

RESULTS AND DISCUSSION
A- Straw and seed yields
1- Straw yield and related characters

Data in Table 1 indicate the mean values of straw yield and related characters
for five parental flax genotypes and their possible four crosses in F, and F,
generations. The thirteen entries (5 parents, 4 F,'S and 4 F,'S) differed significantly in
all studied traits viz., plant height, technical stem length, apical branching zone length,
number of basal branch, straw and fiber yields/plant as well as fiber percentage. Plant
height was maximal (115.93 cm) in the cross P.xPs in F, generation, followed by the
cross PxPs in F, (106.47 ¢m), Belinka (105.70 cm) and the cross PyxPs in F;
generation (105.07 cm). S.2465/1 recorded the shortest plants (83.07), whereas the
remaining genotypes were intermediate. The grand mean over all genotypes was
99.87+2.28 cm with C.V. value of 8.23%. Technical stem length ranged from 55.20 cm
for 5.2465/1 to 91.60 cm for the cross P-xPs in F; generation, the grand mean over all
genotypes was 74.46+2.56 cm with C.V. value of 12.39%. The apical branching zone
length ranged from 21.53 cm for $.533/39 to 28.23 c¢m for the cross PyxP; in F;
generation, the grand mean over all genotypes was 25.33+0.54 cm with C.V. value of
7.65%. Number of basal branch ranged from 1.20 for the cross P;xP, in F; generation
to 2.47 for 5.2465/1, the grand mean over all genotypes was 1.65+0.11 with C.V.
value of 23.83%. Straw vield / plant ranged from 2.38 g for Belinka to 4.98 g for F,
(P;xPs), the grand mean over all genotypes was 3.65+0.20 with C.V. value of 19.35%.
Fiber yield / plant ranged from 0.40 g for Giza 4 to 0.83 g for F, (PyxPs), while the
grand mean over all genotypes was 0.57+0.03 with C.V. value of 20.63%. The
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minimum estimate for fiber percentage was recorded by S.2465/1 (12.16%), while the
maximum one was reco. ded by Belinka (20.03%), the grand mean over all genotypes
was 15.76+0.67% with C.V. value of 15.24%. These results are in agreement with
those obtained by Abo El-Zahab et al. (1994), Abo-Kaied et al. (2006) and El-Shimy et
al. (2006).

Generally, results indicated that F, (P;xPs) produced the tallest plants height
_with larger technical stem length and ranked the second in fiber percentage (19.07%)
after Belinka. The cross F, (PyxPs) recorded high estimates for straw yield/plant, fiber
yield/plant and somewhat for fiber percentage. Meanwhile, the flax strain 2465/1
produced more number of basal branch, but it recorded the shortest plants, the lowest
technical stem leagth and fiber percentage.

" 2- Seed yield and related characters

Results in Table 1 indicated that the studied flax genotypes significantly differed
in all seed characters viz. number of apical branch, number of capsules/plant, number
of seeds/capsule, number of seeds/plant, seed index and seed yield/plant.

Number of apical branch ranged from 17.53 for Belinka to 38.64 for F, (PyxP3),
the grand mean over all flax genotypes was 28.74+1.45 with C.V. value of 18.26%.
Number of capsules/plant, which mostly affeqt, seed yield/plant, ranged from 14.53 in
Belinka to 30.63 in S.2465/1, the grand mean over all genotypes was 23.96+1.17 with
C.V. value of 17.65%. Number of seeds/capsule ranged from 6.67 in S.2465/1t0 9.43
in Belinka, the grand mean over all genotypes was 8.06+0.20 with C.V. value of
8.95%. Number of seeds/plant ranged from 136.88 in Belinka to 233.96 in F, (P1xPs3),
where S$.2465/1 was one of the two parents created this cross that characterized by
large seed number/plant (204.01), the grand mean of this trait was 190.67+6.66 with
C.V. value of 12.61%. Seed index (1000-seed weight) ranged from 5.45 g in Belinka .
to 11.91 g in S.2465/1, the grand mean over all genotypes was 8.51+0.47 g with C.V.
value of 20.09%. Seed yield/plant ranged from 0.73g in Belinka to 2.35 g in S.2465/1,
the grand mean over all genotypes was 1.57+0.13 g with C.V. value of 28.99%. The
differences between flax genotypes concerning seed yield and its components were
confirmed by Abo El-Zahab et al. (1994), Abo-Kaied et al. (2006) and El-Shimy et al.
(2006).

It can be concluded that the F, (P1xPs) and S.2465/1 (P;) were superior to other
genotypes in seed characters. The variation among over all means as shown in C.V.%
for each character was in high magnitude for seed yield/plant (28.99%), followed by
seed index (20.09%), number of apical branch (18.26%), number of capsules/plant
(17.65%) and to some extent number of seeds/plant (12.61%).
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B- Heterosis and inbreeding depression
1- Heterosis study

Results in Table 2, show the estimates of heterosis percentage in four F;
hybrids over both mid-parent and better parent for flax straw yield and its related
characters. The coss PxPs achieved significant and positive heterosis over mid-
parents by 5.63% with a grand heterosis mean of 0.31% for technical stem length.
The cross P;xP, exhibited heterosis value of 11.88% over the mid-parent and 4.56%
over better parent for apical branch zone length. The two crosses (P;xP; and P,xPs)
indicated significant heterosis and superiority over mid-parents for number of basal
branch with the values of 13.00 and 2.98%, respectively. Negative heterosis, however,
was found in all the four crosses over the better parent. The four studied crosses
displayed significant heterosis over the mid-parents in straw yield/plant. PyxP;
recorded 10.81%, P1xPs (5.02%), P;xP; (20.83%) and P,xPs (8.48%) with a grand
heterosis mean of 11.29%. Meanwhile, cross (P;xPs) was the only, which showed
significant heterosis over the better parent with the value of 4.91%. All crosses
exhibited significant heterosis over the mid- parent for fiber yield / plant in the
following manner, P;xP; (15.79%), PixPs (13.04%), P;xPs (20.39%) and P,xPs
(10.71%) with the grand heterosis mean of 14.98%. The two crosses (P;xP; and
P;xP4) exhibited significant heterosis over the mid-parent in fiber percentage with the
values of 1.71 and 7.87%, respectively. Moreover, the cross (PyxPs) recorded
significant heterosis over the better parent (2.82%) for fiber percentage.

Results in Table 3, show heterosis estimates in four F, hybrids either over the
mid-parent or the better parent regarding seed yield and its related characters.
Results exhibited significant positive heterosis in three crosses over the mid-parent for
number of apical branch viz. P;xP; (7.92%), PyxP4 (9.08%) and PoxPs (13.84%) with
grand heterosis mean of 5.64%. Meanwhile, only one cross (P;xP,) showed significant
heterosis over the better parent. The two crosses PyxP,; and PyxPs displayed significant
heterosis (3.61%) over the mid - parent in number of capsules/plant with the values
of 4.49 and 14.55%, respectively. The grand heterosis mean in this case was 2.15%,
but all other four crosses exhibited negative heterosis effects over the better parent
were detected. The three crosses PyxPs, P;xP; and P;xPs achieved significant heterosis
over the mid-parents for number of seeds/capsule with the values of 5.09, 6.16 and
0.92%, respectively with grand heterosis mean of 3.01%. On the other hand, negative
heterosis values were observed in all crosses when compared with the better parent.
The cross P,xPs had significant heterosis over mid-parents in number of seeds/plant,
while the other two crosses PyxP; and PyxP4 exhibited slight positive heterosis githout
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significance over the mid-parent with grand heterosis mean of 6.44%. Seed index trait
exhibited significant heterosis in the four crosses over the mid-parent. Values were
0.85, 4.11, 2.65 and 7.89% for the crosses PyxPs, PpxPs, P1xPs and P;xPs with a grand
heterosis mean of 3.88%, respectively, but negative heterosis was observed over the
corresponding better parent. The three crosses (PyxP;, PxPs and PaxPs) exhibited
significant positive heterosis over the mid-parents for seed yield / plant with grand
heterosis mean of 9.68%. Moreover, the cross PyxP, recorded significant positive
heterosis over the better parent. It could be concluded that the cross PyxP; would be
efficient and prospective in flax breeding program for improving seed yield/plant.
Many investigators found heterosis effect in flax such as Momtaz et a/. (1978), El-
Farouk et af, (1998), El-Refaie (2003) and El-Sweify (2002).

2~ Inbreeding depression

The estimates of inbreeding depression in four flax crosses for thirteen studied
characters (Table 4). Results show that the cross P;xP; achieved superiority in F;
population over Fy according to the significance of inbreeding depression estimates in
apical branch zone length (-11.27), number of apical branch (-15.00), number of
capsules / plant (-8.77), number of seeds/capsule (-5.38), number of seeds/plant (-
14.82) and seed yield/plant (-11.68). The cross P1xP, recorded inbreeding gain value
for only number of basal branch (-16.67), while the cross P,xPs revealed significant
inbreeding gain values for all straw characters except with number of basal branch
and all seed traits, except seed index, where F, generation surpassed F, one in this
case. The cross P,xPs performed inbreeding gain in all straw characters except number
of basal branch. This cross (P,xPs) also revealed inbreeding advance in F; generation
for all seed characters, except for seed index. Therefore, the two crosses PyxPs and
P:xPs may be recommended for isolating superior inbred lines as shown from
inbreeding gain concerning straw and seed characters as was mentioned above, While
the cross P;xPs, however, may be promising for apical branches zone length and seed
characters in later generations. These results were in agreement with those obtained
by Rao and Singh (1983), Saraswat and Kumar (1993) and El-Sweify (2002).

C-Phenotypic (rp)and genotypic (ry) correlation

Result in Table 5 showed that plant height recorded significant and positive r,
values with technical stem length, fiber yield/plant, fiber percentage and number of
seeds/capsule. The corresponding ry correlation between plant héight and each of the
préviously characters showed also positive correlation. The r, values were significant
and positive between technical stem length and each of fiber yféld/piant and number
of seeds/capsule with high r, estimates for both characters. The phenotypic
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association between apical branch zone length and each of number of basal branch,
number of apical branch, number of capsules/plant, number of seeds/plant, seed
index and seed yield/plant showed significant and positive estimates. The respective rq
values for each of the character mentioned were also positive. The r, estimates among
number of basal branch and each of number of apical branch, number of
capsules/plant, number of seeds/plant, seed index and seed yield/plant were
significant and positive. The ry estimates were also positive. The relationships as r,,
between straw yield/plant and each of fiber yield/plant, number of apical branch,
number of capsules/plant, number of seeds/plant, seed index and seed yield/plant
were significant and positive. The respective r, estimates for each trait mentioned
before were positively correlated. The r, values between number of apical branch and
each of number of capsules/plant, number of seeds/plant, seed index and seed
yield/plant were significant and positive with also high positive ry values. The r,
between number of capsules/plant and each of number of seeds/plant, seed index and
seed vyield/plant recorded significant and positive values, in addition to high and
positive ry estimates. The r, between number of seeds/plant and each of seed index or
seed yield/plant and between seed index and seed yield/plant were significant and
positive with high r, positive values. These results are in accordance with those
obtained by Abo-Kaied et al. (2006).

It can be concluded that the r, and ry results in this investigation promote
principal knowledge to flax breeder about the possibility for selecting genotypes
having distinguished marks such as tallest plants (plant height) trait for high straw
yield, fiber yield and fiber percentage. Moreover, the more number of capsules/plant
gave indication for higher seed production.
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956 HETEROSIS, INBREEDING DEPRESSION AND CORRELATIONS
OF YIELD TRAITS IN SOME FLAX CROSSES
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