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COMBINING ABILITY ANALYSIS FOR SEED AND STRAW
YIELDS AND THEIR COMPONENTS IN A DIALLEL
CROSS OF FLAX.

Abo El-Komsan, Sabah, M.'; AM. EI-Marakby2 Amna, H. El-Sweify'
and Afaf, M.Tolba’

ABSTRACT

Twenty-one entries of flax (Linum usitatissimum, L.} involving 6 parental geno-
types and their 15 Fy's hybrids were evaluated for seed and straw yields apd their
components at Itay El-Barood Agric. Res. Station during 2000/2001 season under
two different plant distances. Diallel analysis according to Griffing (1956) was
used. Mean squares due to entries, parents and crosses were highly significant indi-
cating that parental genotypes as well as their F; crosses exhibited reasonable de-
grees of variability for all studied traits. Both GCA and SCA variances were highly
significant, indicating the presence of both additive and dominance types of genetic
variances. The additive effects were more important than non-additive effects for
plant height, technical length, fiber percentage, seed index and days to maturity. On
the other hand, the non-additive effects were more effective than additive for straw
yield/ plant, No. of basal branches /plant, stem diameter, fiber fineness, seed yield /
plant, No. of capsules/plant and oil and protein percentages. Some of crosses which
exhibited significant and positive SCA effects included high x high and high x low
general combiners, such as Sakhal cv, imported fiber type Alba and the two new
strains 402/12 and 282/98/16/2 suggesting that, the breeding procedure which utilize
both additive and non-additive genetic variances would be more useful for im-
provement of both straw and seed yields of flax.

Key words: Flax, Diallel, Combining ability, Seed, Straw, Fiber quallty, Oil and
Protein percentage

INTRODUCTION percentage in flax seed. The understand-
ing of the nature of gene action involved
The unponant objective of flax in seed and fiber yields of flax is of great

breeding in Egypt is to improve simulta-
neously seed, straw yields, and high tech-
nical stem length in addition to high oil

importance to plant breeders. The appro-
priate breeding methodology to be
adopted for the improvement of acrop
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depends primarily on the nature of com-
bining ability of the parents to be used in
the hybridization programs and also the
nature of gene action involved in the
expression of quantitative traits of eco-
nomic importance. General combining
ability (GCA) involves mostly additive
and additive x additive gene effects. Spe-
cific combining ability (SCA), on the
other hand, depends upon non-additive
gene effects, which involves dominance
and epistatic components of genetic
variation. Knowledge of the relative
magnitude of additive and non-additive
effects . would be very useful in designing
an efficient breeding program.

Both GCA and SCA were studied in
flax for yield and its components by sev-
eral investigators. The additive genetic
variance had more important role in the
inheritance of plant height, technical
length, fiber length, fiber percentage,
seed index, maturity period as reported by
Rai (1976); - Singh et al (1987); Thakur
et al (1987); Rao & Singh (1985);
Sharma et al (1986); Gaafar et al
(1992); Foster et al (1998); Patil et al
(1997); Singh (2000) and Abo-Kaied
(2002). On the contrary, non-additive
variance had an importan role in the in-
heritance of straw yield/plant No. of basal
branches/plant, stem diameter, seed yield
per plant, capsules/plant, oil and protein

percentage as reported by Shehata and -

Comstock (1971), Murty and Anand
(1966), Patil and Chopde (1983), Singh
et al (1983), Badwal and Gupta (1970),
Badwal et al (1972), Roa and Singh
(1987), Thakur and Rana (1987),
Brahm and Sindhu (1986) and Mishra
and Rai (1996). :

The present study aimed to estimate
the combining ability for fourteen quan-
titative characters related to seed and

straw yields in a 6x6 diallel cross of flax
under two plant distances.

MATERIAL AND METHODS

This investigation was carried out
during the two successive seasons
1999/00 and 2000/01, where in the first
season all possible crosses were made,
excluding reciprocals, in a diallel mating
design involving six parental flax geno-
types at Giza Agric. Res. Station. In
the second season, the seeds of parental
genotypes and their fifteen F; hybrids
(21 entries) were planted at 22 ™ Novem-
ber under two distances, i.e. 5cm and 10
cm, between plants in a complete ran-
domized block design with three replica-
tions per each distance at Itay El -Barood,
Agric. Res. Station, Agric. Res Center
(ARC).

The experimental plot consisted of
single row, 2 meters long with 20 cm
between rows. Genotypes characteristics
of the material used according to their
pedigree, origin and agronomic selected
traits are presented in Table (1).

- These genotypes were chosen onthe
basis of the presence of wide differences
between them with respect to certain eco-
nomic flax traits.

Observations and measurements were
recorded for parents and Fys on 10
guarded plants selected at random from
each plot for the following characteris-
tics: 1- straw yield / plant (gm), 2- Plant
height: total length of main stem (cm), 3-
Technical length: length of the main stem
between the cotyledons and the apical
branching point (cm), 4- Number of basal
branches/plant, 5-Stem diameter at the
middle region of the main stem (mm)
using puclease apparatus, 6- Fiber length
(cm), 7- Fiber percentage: calculated by
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Table 1. Identification of genotypes used, pedigree, classification (dual, oil, fiber types)
origin and important agronomic characteristics ’

Genotypes Pedigree Type Origin
Sakha 1 (P,) I 1485 x Bombay dual Local cv.
S$.402/12 (Py) 1235 x Giza 5 cv. dual Local promising strain
Sakha 2 (P;) 12348 x Hera oil Local cv.
Alba (Py) An Introduction fiber Poland
Giza 4 (P5) Giza purple x Gizaoil  dual Local cv.
| S.282/98/16/2 (P)  Giza 6 x 1897 dual Local Promising strain

the following formula: Fiber % = The
total fiber yield/straw yield x100, 8-Fiber
fineness, which was estimated in metrical
number (mg/mm) according to Radwan
and Momtaz (1966). 9- Seed yield /
plant (gm), 10- Number of capsules/plant,
11-Seed index: weight of 1000-sceds
(gm), 12-0il percentage: determined by
using diethyl ether according to soxhlet
apparatus. A.0.A.C. (1995), 13- Protein
percentage,  determined by micro-
Kjeldahl  apparatus  according to
A.Q.A.C. (1995) and 14-Days to maturity
from sowing until all capsules tumed
yellow.

The analyses of variance for gen-
eral and specific combining abilities were
estimated according to Griffing’s method
2 model 1 (1956).

RESULTS AND DISCUSSION

The diallel crossing technique is very
important for the breeder to determine
each line as either a good or a poor com-
biner to select the good line to be used in
the improvement programs. Analysis of
variance indicated that mean squares due

to entries (parents and Fy's) were highly
significant for all studied characters under
two distances (5 and 10 ¢m) as well as the
combined analysis between them {Table,
2). This means that those parental geno-
types as well as the Fy's showed reason-
able degrees of variability for these traits.
Also, mean squares due to parents and
crosses were highly significant for all
traits under and over all the two investi-
gated distances, indicating that sufficient
genetic variability existed in the popula-
tion for all traits.

The partitioning of genetic variance
into general (GCA) and specific (SCA)
combining ability variances are prasented
in Table (2). Both GCA and SCA vari-
ances were highly significant for all
studied characters, under and over all the
two investigated distances, indicating the
presence of both additive and non-
additive type of genetic variances. GCA
variances were several time greater than
the corresponding SCA variances for
some studied characters under and over
all the two tested distances, ie. plant
height, technical length, fiber length,
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Table 2. Mean Squares for genotypes, general (GCA) and specific (SCA) combining ability at two plant distances (d) and
combined data (C.) for 14 studied characters in flax

Scm 10cm C. S5cm  10cm C. Scm  10cm C. S5cm  10cm C.
Straw yield Plant height Technical length No. of basal branches

Genotypes  3.95%* 8.40** 10.41**  64.11** 90.04** 138.55** 21.58** 22.66** 41.60** 039** 035** 0.68**
Crosses  3.55** 7.17** 8.42** 61,67** 92.90** 134.61** 17.02** 17.25** 31.60** 0.2]1** 0.]12** 0.25%*
Parents  1.83** 3.30%* 4.57%* 66.13** 65.11** 126.14** 36.95** 39.10** 73.09** 0.70** 0.65**  1.32**

Sov.

GCA 2.28**  130%*  3.25%%  54.48** 62.01%* 112.45%* 20.92** 21.60** 4171** 0.09** 0.11**  0,16**
SCA 0.99**  3.30**  3.55*%  10.34**  ]9.35%* 24.09%** 2.62**  2.87%*F  4.59%% (5%  0,]2%*  0.25**
GCAxd 0.34%+ 4.03% 0.81 0.04%*
SCAxd , 0.75%* 5,59+ 0.90* 0.02°
Error 0.019 0.043 0.031 0.479 027 0375 0.41 0.42 0.42 0008 0012 001
GCA/SCA  2.299 0.395 0.92 5.27 3.2 4.67 7.99 7.52 9.09 0.63 095 0.65
S.0o.V. Fiber fineness Seed yield/plant No. of capsules/plant Seed index

GCI]O[prS 10196.9%* 7557.1** 17635.4%* 0.73**  3.14** 2921** 2952%* 781.43%* 908.44** 429%**  532%% 94T+
Crosses 7977.9** 6220.0** 14134.8** 0.26%*  2.02%*  1.23%*  237.0%* 582.9*% 643.6%*  29% 3.94**  6.69%*
Parcnts 18238.7%* 12786.8°% 30772.3**  1.17** 1.84%* 2.9%*  )T7.0% 343.8%*  46).0%*  9.03** 10.26** 19.13**

GCA 2219.9**  1602.1%* 3795.1**  0.25%*  0.55%%  0.58**  40.6**  76.3%*  869%*  559%  GO6** 2,47+
SCA 3792%%  28247%* 6572.9%*%  0.24%%  121%  L1I%*  117.7%* 321.9%*% 374.8%%  005**  0S** 005
GCAxd 26.8%* 0.22*+ 29.9%+ 0.07**
SCAxd 43.8%* 0.35%* 64.78%* 0.04**
Error 0.99 " 0.55 0.77 0.006 0.01 0008 1219 2456 1837 0009 0012 0.01

GCA/SCA  0.585 0.57 0.58 1.02 0.45 0.52 034 0.24 0.23 12544 14723 24544
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Table 2. Cont.

S5cm 10cm

C.

S5cm 10cm C. Scm 10cm C.
SO.V.
Stem diameter Fiber length Fiber percentage
Genotypes 0.13**  0.17%  029**  10693**  121.0%* 213.4%* 18.12%* 7.97%s 23.52%+
Crosses 0.09**  0.08%  0.15%*  12698**  143.6** 254.5%¢ 7.95%¢ 1.94%+ 7.79%*
Parents 0.16**  020%  0.35%*  6596%*  78.5%* 140.8%* 42.53% 18.87#+ 57.03%+
GCA 0.036**  005*  0.09**  76.66**  111.6%* 182.0%* 17.70%+ 5. 77+ 21.22%+
SCA 0.05%+ ;0.06" 0.10%* 21.97%* 16.6** 34.2%* 2.15%+ 1.62%* 338
GCAxd 0.01 6.3** 2.25%+
SCAxd 0.01 4.4%+ 0.39%+
Error 0.006 0.006 0.006 0.406 0.385 0.396 0.114 0.079 0.097
GCA/SCA 0.76 0.93 0.87 3.49 6.73 533 8.23 3.57 6.28
S.0.v. Oil percentage Protein percentage Maturity
Genotypes 20.09**  20.11%*  40.15**  6.17** 6.03*+ 12.02** 10.79%* 3.75%+ 10.76*+
Crosses 6.21%%  6.09%*  12.23**  7.14%* 7.14%% 14.08** 12.53** 2.47% 10.09**
Parents 14.60%*  ]4.63*%  29.22%%  (.72%* 0.42*+ 1.02%+ 7.69%+ 8.00*+ 14.38*+
GCA. 3.80**  330%  7.07** 1.517+* 1.52%¢ 3.02%+ 5.60%* 2.78** 8.04*»
SCA 7.66%%  7.84%%  15.49** 2.24%* 217 - 4347 2.93%+ 0.74%+ 2.10%+
GCAxd 0.02 0.02 0344
SCAxd 0.02 R 0.07** 1.57%*
Error 0.038 0.027 0.033 0.014 0.02 0.017 0.158 0.239 0.198
GCA/SCA 0.496 0.421 0.457 0.70 0.70 0.70 1.91 3.76 3.82
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fiber percentage, seed index (1000-seed
"~ weight) and maturity traits. These results
indicated that the additive effects were
more important than non-additive effects
for the previous mentioned traits. On the
other hand, the non-additive effects were
more effective than additive effect for the
rest characters under study, viz.; straw
yield, No. of basal branches, stem
diameter, fiber fineness in addition to
seed yield, No. of capsules/plant and oil
and protein percentages. The ratios of
GCA/SCA obtained herein are in agree-
ment with those obtained by Rao and
Singh (1985), Rao and Singh (1987),
Singh et al (1987) and Abo-Kaied
(2002). Mean squares due to the interac-
tion between GCA x plant distances
(GCA x d) was highly significant for 9
out of the 14 studied traits as well as 12
- traits showed significant SCA xd inter-
action, indicating that the magnitudes of
GCA and SCA were influenced when
estimated under different plant densities.
However, the insignificant GCA x d and
SCA x d for stem diameter and oil per-
centage indicate that both GCA and SCA
secemed to be stable under different plant
densities.

The estimates of general combining
ability effects of the tested parents,
evaluated in F, crosses are presented in
Table (3). Data indicated that Sakha 1 cv.
(P;) was the best general combiner for
straw yield /plant where it recorded high-
est significant and positive GCA effects
among the other parents for this trait. It
was also good general combiner for stem
diameter at 5 cm distance and combined
analysis and at the two investigated dis-
tances and combined for technical length
and protein percentage. The line 402/12
(P2) recorded the highest significant
positive effects of GCA for seed yield per

plant at the 10 cm and combined dis-
tances and seed index at the two distances
and their combined. Highly significant
and positive GCA effects for oil percent-
age under the two investigated distances
and their combined were obtained by
Sakha 2 cv. (P3). The imported fiber type
named Alba (P.,), exhibited significant
and positive GCA effects for straw
yield/plant (especially at 5 cm distance),
plant height, fiber length, fiber percentage
and No. of capsules/plant at the two
studied distances and their combined. The
parent (P6), S.282/98/16/2, showed sig-
nificant and positive GCA effects for
seed yield/plant (only at 5 cm distance)
and No. of basal branches at both dis-
tances and their combined. Since negative
and significant GCA values are desirable
in the case of fiber fineness and days to
maturity, Sakha 2 (P;) proved to be a
good combiner for days to maturity fol-
lowed by Alba (P,) at 5 cm distance and
combined analysis, while Giza 4 (Ps)
proved to be the best general combiner
for fiber fineness followed by Sakha?2
(Ps).

It could be concluded that Sakha 1 cv.
and Alba (P4) are good general com-
biners for straw vield/plant and most of
its components, indicating that the use of
these pa.ents in flax breeding programs
could increase straw yield and improve
its quality. However, using S.402/12,
Sakha 2 cv. and Alba in flax breeding
programs may be recommended for im-
proving seed yield/plant by increasing the
most important related characters viz: No.
of capsules/plant, seed index and oil per-
centage.

Specific combining ability effects
presented in Table (4) show that the four
crosses (P;xP;, P-x P;, P3; xPsand P; x
Ps) have high significant positive SCA

Arab Univ. J. Agric. Sci., 11(2), 2003
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Table 3. Estimation of general combining ability (GCA) effects for 14 studied characters under two plant distances and

their combined (C) in flax

5cm 10cm C.

Scm  10cm C. 5cm  10cm C. S5cm  10cm C.
Parents X -

Straw yield Plant heigit ‘I'cchnical fength No. of basal branches

Sakha 1(P1) 0.66%* 0.34**  0.50%*  3.41%*  2.44%*  292%%  240%*  233%+  2.36%* 005  .0.10% 003
$.402/12 (P2) 0.50%* -0.50** .-0.50** -1L.11%* _.0.74**+ .0.93%% .1 88%+ ..1.82%* .185** 000 003 002
Sakha 2(P3) -0.74%* 0.41%* ~ -0.57 .-3.74** 361 -3.68** 169 .-1.50** .-1.59** .0.107** 005 £0.03
Alba (P4) 021%**% 0.53**  037%*  230%* 4.03%*  3.16%* 097%  1.32%*¢  1.15%** 0115 .-0.16** .-0.14%*
Giza 4(P5) 0.39%* 006 023** 047¢ -044* 002 0.10 042 - 026 0.00 0.08* 0.04
S.282/98/16/2(P6) -0.02 -0.02 002 .-1.32%* _-1.68%* ..1.50%*t 010  .-0.76%* -.-033*%* 0.174** 0.16**  0.17%*
L.S.D.(gi-gj) 5% o016 024 013 081 061 0.43 0.75 0.76 0.46 0.11 0.3 0.07
1% 022 033 017 108 0381 0.57 1.00 1.01 0.60 0.14 017 009

Parents Fiber fineness Seed yield/plant No. of capsules/plant Seed index

Sakha 1(P1) 27.200%+ 2.54%*  1.65*¢ 0,087** .-0.09** 000 .-1.407**¢ -53[*%* .336%* (.524** 0.60** 0.56**
$.402/12 (P2) 22.62**  0.13 0.15  0.15%% 0.42*+  028** .-1.90** 203**  0.06 0.628** 0.65** 0.64**
Sakha 2(P3) -8.18%% 2.25%¢ .2.13%¢ .0.15% 0.17** 001  .-2.28** 0.88  .-1.58** 0.216** 0.33** - 0.28**
Alba (P4) 6.10% 588  S79%+  .024%* 035* 030  348%*  352%% 358  L6I5HS .185% .174%*
Giza 4(PS) -5.00%* -4.54%* 350%* 005 .-0.10** .007** 071 1.33*  1.02** 005 0.06 0.01
S.282/98/16/2(P6) 2.41** .-1.75** -1.96** 0.20** -0.04  0.08%* 1.41 0.69 036  0316** 020** 0.26**
L.S.D.(gi-gj) 5% 116 087 062 021 012 0.06 1.29 1.83 0.96 0.11 0.13 0.07
1% 155 1146 082 028 045 008 1.72 245 127 015 017 010
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Table 3. Cont.

Scm 10cm C. Scm 10cm C. Scm 10cm C.
Parents
Stem diameter Fiber length Fiber percentage

Sakha 1(P1) 0.08** 0.04 0.06%* 0. 75%% 2.54%*% ] 65%F -1.26%* -0.68%* 097
S.402/12 (P2) 0.04 0.06*%  0.05%* 0.17 0.13 0.15  -0.41% 0.25% 033
Sakha 2(P3) SO L0 6% O J3%E 2. 0% 225%F L2 13%F ().96F* | 0G** 1.01**
Alba (P4) -0.01 0.03 0.01 571  588%* 579%x 2 58%% ] (Q9%%  ].83%+
Giza 4(P5) 0.03 0.05 0.04%  -2.46%* 454%*% 350%F O 88%* -0.49%¢ -0.68%*
S.282/98/16/2(P6) -0.04 -0.02 0.03  -2.17%  -175%  _1.96** -0.99%*% -0.73%* -0.86%*
L.S.D.(gi-gj) 5% 0.09 0.09 0.05 0.74 0.72 0.45 0.39 0.33 0.22

1% 0.12 0.12 0.07 1.00 0.97 0.59 0.53 0.44 0.29
Parents Oil percentage Protien percentage Maturity
Sakha 1(P1) -0.82%* 0. 77%* -080%* (.62%¥* 0.63*¢ 0.63** 031* 0.40* 0.35%*
S.402/12 (P2) 0.45%*  0.48** (0.47*¢ 0.50** -0.46** -048** -032¢ -0.10 -0.21%*
Sakha 2(P3) 1.13¥*  1.02%*% 1.07** 0.43%¥* (040%* 0.41** -103** 081%* .092%*
Alba (P4) 041*%  -031% -(36%F 0 16%* -0.18% -0.17%* .0.44** 03] - -038%*
Giza 4(P5) -0.23%*  -024%¢ 023** -0.09*% 0.01 -0.04 0.06 -0.10 -0.02
5.282/98/16/2(P6) -0.12  -0.18%* -0.15%* -0.31*%* -040%F -035%F ]43%x Q90+ ] 17*
L.S.D.(gi-gj) 5% d.23 0.19 0.13 0.14 0.16 0.09 0.46 0.57 0.32

1% 0.31 0.26 0.17 0.19 0.22 0.12 0.62 0.76 0.42
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Table 4. Estimation of specific combining ability (SCA) effects for 14 studied characters under two plant distances and

their combined (C) in flax

Crosses Straw vield Plant height Technical length No. of basal branches
5cm 10cm C. 5cm I0cm C. 5cm  10cm C. 5cm  10cm C.
P, xP, 021  0.83**  0.52**  3.83%* 366** 008 006  174**  050* 002 -00l ' 0.02
P1xP; -036%*  0.88**  026** 007  -1.19* 056 0.12  .3.33** -1.60** 008  0.07 0.01
P xP, 1.64%**  0.92**  1.28**  400%*  0.97*  2.49** 0.8 0.69 020  0.37** 043%  0.40**
PyxPs 0.52%*  0.09 0.22 0.52 021 0.16 1.20* 0.09 0.64 014  -0.04 0.05.
P, xPs 024  041**  033*+  211** 073 142 L1l 0.83 097*  017*  0.10 0.14*
PxPs 031%*  .1.36** .0.83** 044  -l114* 035 0.29 0.99 0.64  -D.46°* 015  -0.30%
PxP,4 0.54**  0.86**  0.70**  4.83**  S.16**  5.00%*  203** 127  1.65%*%  0.49%* 022*  035**
P,xPs 020 036 0.28% 037 0.25 0.06  -1.94*%  -146% . -1.70** 002 -0.12 0.07
P,xPs 0.36**  039** 037** 063 030 0.17 0.81 -0.03 0.39 0.19*  0.24*  0.22**
P3xP, 0.63**  4.01%*  232%%  1.29%  90I**  5.15%  237*%  2,55%%¢  246%**  0.55*% 0.62**  0.58%*
P3xPs 1L89%*  273%%  231%*  S.52¢%  470%  S1I1**  169** 229%  199%*  001. 011 006
PyxPs 0.71%F  -1.25%%  098**  3.82%*+ 56T 475% 083 0.46 0.18  -0.20* -6.28 -0.24%+
P4xPs -0.07 -0.28 0.18 006  1.79**  0.86* 0.66 0.36 0.51  0.31*% 0.25*  0.28**
PsxPs 0.50**  0.14 0.18 113 -1.35** 011  -3.22*¢ 208  -2.65**  0.15 0.15  0.15*
PsxP¢ 0.50**  099** 0.74** .198* 012  -1.05 058 046 006 016 016 0.00
1.8.1(Sij-Sik) 5%  0.37 0.56 0.31 1.85 1.39 1.06 1.72 .73 112 024 029 0.17
1% os0 074 0.41 2.48 1.86 1.41 2.29 2.32 1.48 032 039 0.23
(P)=Sakha ] (P;)=5.402/12 (P;)=Sakha2 (Py)=Alba (Ps)=Giza4 (Pg)=5.282/98/16/2
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Table 4. Cont.

Stem diameter

Fiber length Fiber percentage
Crosses

S5cm 10cm C. 5cm 10cm C. S5cm 10cm C.

PixP; 0.05 0.143* 0.10 -2.25% -3.00%* -2 63%* -0.03 -0.08 -0.06
P;xP; -0.02 0.04 0.01 6.25%* 7.04** 6.65%%  -1.53%% -121%F -] 37%*
P\xP, 0.17%  0.22%% (. ]9%* -1.46* - 0.75 -1.10% . -2.83%%  -1.46%F -2 |5%*
PyxPs 0.08 -0.05 0.01 -0.96 0.67 -0.15 0.58 0.15 0.37
P, xPs 0.08 -0.06 0.01 -2.58%* -1.13* -1.85%* 0.26 0.27 0.27
PoxP; -0.06 -0.13 -0.09 =5.17%* -6.21** -5.69%* 0.18 0.78%* 0.30
PoxP, 0.13 0.15%  0.14*%* 8.13%* 3.67** 5.90%%  _]1.56%F -]130%F -] 43%+
PoxPs 0.09 0.06 0.07 -1.38% -2.58%% -1.98%* 0.33 -0.35 -0.34
PyxPg -0.04 0.02 -0.01 4.67** 3.96%* 4.31%* -0.48 0.04 -0.22
PyxP, 0.38%%  0.41%% (.30*%+ 6.96%* 5.04%* 6.00** 0.12 ~1.42¥%% G5+

P3xPs 0.10 0.19%*%  (.]14%+ 2.46** -3.21%* -0.38 047 -0.14 0.17
P3xP, -0.02 0.16* 0.07 =7 17%* -(.33%* -0, 75%* 0.44 -1.01*¥* 029
P,xP;s 0.30%  0.28*%*  (.29%* -3.25 -1.33%* 2.29%% 068 -1.01%* 0385
PxPe 005 008 006 088 046 067 145k 079% .1 12%

PsxPs -0.26* 0.01 -0.12% 3.20%* -0.38 1.46 ** 0.20 0.15 -0.03
'L.S.D.(8ij-Sik) 5% 0.20 0.21 0.13 1.70 - 1.66 1.09 090 0.75 0.54

1% 0.27 0.28 0.18 228 2.22 1.44 1.21 1.01 0.71

(P1)=Sakha 1 (P,)<S8.402/12 (P3)=Sakha2 (P)=Alba (Ps)=Giza4 (Ps)=S.282/98/16/2
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Table 4. Cont.

- ~ Fiberfineness ~  Sced yield/plant _No. of capsules/plant 1000-seed weight
| Crosses Scm {0cin C. Scmn 10cm C. S5em 10cm C. Scm 10cm C.
PixP, -14.26** -11.74** -13.00** -0.13 1.08** 0.47**  -3.96** 5.82%+ 0.93 0.06 0.10 0.08
PxP; 76.66**  69.99** 73.33** (.303** -0.02 0.14* 230* 4.56%+ 3.43%*  0.29%+ 0.52“ 0.01
P1XP4 -46.08%* -36.86** -41.47** (.85** 0.40** 0.63**  12.50** 3.77*+ 8.14%* 0.16 0.07 0.12
P,xPs -36.37**  -33.80** -35.08** 0.25** -0.32** 003  7.48** -0.95 3.26** 0.08 -0.38** -0.15*
P] xPs 39.01**  38.02** 38.51** .0.22%* (Q.56** 0:17++ -2.09* 5.53+* 1.72 -0.16 0.28+* 0.06
szpg 51.99**%  46.14** 49.06** -0.15* 0.60** 0.23** -1.41 -1.66 -1.54 0.00 0.24* 0.12
P,xPy -32.79**  -28.12%* -30.46** 0.40+** 1.08+* 0.74** 2.29* 18.09** 10.19** 0.01 . 0.13 0.07
PaxPs 44.39%%  42.03%% 43414 003 -0.84%F -0.44% 130 -1497** 6.83** .0.26% 001 014
szps -56.74** .52.51** .54.63** (0.41** 0.25** 0.33** 5.24**  5.16** 5.20%* 0.35** 0.19 0.27%*
P3xP, -85.11**  -70.51** -77.81** 0.32%* 1.64**  0.98%* 1561** 33.15** 2438%* 0.01 -0.09 -0.04
P3xPs 58.84**  51.94%* 55.39** 0.67** 1.73%+ 1.20%*%  17.33%* 28.41** 2287** (.30** 0.06 0.18*
P:;XPG 48.42**  39.51** 43.96** -023** 0.81** -0.52** -10.36** -11.38** -10.87** .0.25** -037** 031**
PxPs -29.65** -20.86** -25.26** 008 - 0.15 012 142 6.89* 415 0.24* 008 0.16*
P4xPs -46.99** -38.30** -42.65** 029 0.11 0.20** 827 1.14 471 0.17 017 047"
PsxPs -10.01**  -8.89** -949* -007 0.40** 017" -6.63" 7.09* 0.23 0.07 0.07 0.07
1..S.T(Si-8ik) 5% 2.66 1.98 1.52 021 0.27 015 295 419 235 0.28 } 0.29 0.18
1% 356 265 201 0.28 0.35 0.20 385 5.61 31 0.34 0.38 0.23

(P1)=Sakha 1 (P,)=8.402/12 (Py)=Sakba2 (P)=Alba (Ps)=Giza4 (P )=5.282/98/16/2
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Table 4. Cont.

Maturity

Crosses Oil percentage Protien percentage
Scm 10cm C. 5cm 10cm C. 5cm 10cm C.
P,xP, -0.06 0.03 -0.02 2.00%* 1.60%* 1.80%* 0.51 1.16*¥  0.83**
PxP; 0.61%*  0.54** (.58** 1.32%+ 1.83*%* 1.58%* 1.55**  -0.14 0.71*
PyxP, 1.75%*  1.92%% ].84%* 1.66** 1.97** 1.82%+ 0.63 0.36 0.50
P, xPs -0.14 -0.10 -0.12 0.54* 0.69** 0.61%* 0.13 -0.85 0.36
P\ xPs 0.71%% 0. 74*+ 0. 73%%  .]128%F .1 01%* -1 ]5%¢ .2.58%* _]85% .22]%*
P,xP; 1.25%*  1.48**  136%*  (.39*%* 0.18 0.29%*%  -2.16** 036  -0.90**
P,xP, 1.93%% 1 72%% ] 83%x* 0.08 -0.34%* -0.13 -3.74%*% 014 -1.94%*
PxP; 1.80*%* 1. 74%x 1 77**  0.69*%F  -0.76%*  -0.73%* 0.76* -0.35 0.21
P,xPs -0.55%% 0 52%* .(Q.54*%% _072%* -0.33# 0.52%*  238%* 035  1.02%¢
P3xP, 2.06%* ] 88%x ] 97%x () 74*x* 0.31% 0.52%%  0.69** 0.91*% 0.94%* |
P3xP; -0.18 -0.44** 031 1.99%#* 2.10%* 2.05%%  -1.54%*% 064 -1.09**'
12yx0, LO2%* QRO () Ok 0,18 <), 70%* 0.4 x* 0.09 -0.64 -0.27
PyxPs L11**  1.34%*%  122%%  239%%  _] 95+ 217+  1.88*¢ 014  0.87**
PxPg 4.11%*  433%%  422%* 1.22%+ 1.05%* 1.14%* -0.49 0.86 0.19
PsxPy 3.17*%  315%x 3 16%*  0.63** 0.51%# 0.57%+* 0.01 0.66 0.33
L.S.D.(Si-Sik) 5% 0.52 0.44 0.31 0.32 0.37 - 023 _1.06 1.31 0.77
1% 0.70 0.59 0.42 043 0.50 0.30 142 1.75 1.02
(P)FSakhal (P)=S.402/12 (P,)=Sakha2 (P)=Alba (Ps)=Giza4 (Ps)=S.282/98/16/2
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Combining ability analysis of flax hybrids

effects for straw yield/plant and plant
height at the two investigated distances
and their combined. For technical stem
length, three crosses (PyxPs, P;xP, and
P;xPs) showed significant and positive
SCA effects for the two tested distances
and their combined. Four crosses (P, xPy
P2XP4, P3XP4 and PqXP;) exhibited Slg'
nificant and positive SCA effects at the
two tested distances and their combined
for No. of basal branches. For stem di-
ameter, only two crosses, i.e., PyxPs and
P.xPs recorded highly significant and
positive SCA effects for this trait. How-
ever, four crosses give highly significant
and positive SCA effects with respect to
fiber length, namely; P,xPy PxP,, PoxPs
and P,xP. Regarding fiber fineness, nine
Crosscs (P] XPz' P]XP4, P]XPs PzXP4, PzXPs,
P3XP4' P4xPs, P4XP5 and P5XP§), showed
high significant negative SCA effects.
For seed yield and No. of capsules/plant,
results indicated that five crosses i.e.,
P]XP4, PzXP4, PzXP5, ngP4and P;XPs €X-
hibited significant and positive SCA ef-
fects at the two tested distances and their
combined. While for seed index, two
crosses (P,xP; and P,xPs) at 10 cm dis-
tance and three crosses (P2xPs , P3xPs and
P.xPs) at 5 cm distance had highly sig-
nificant and positive SCA effects for this
character. Seven crosses exhibited highly
significant and positive SCA effects for
protein percentage at the investigated
distance, namely, P,xPy PxP;, P\xP,
P,xPs, PsxPs P.xPs and P5xP6. For days
from sowing to maturity, four crosses
(PIXPQ PzXPg_ PzXP4 and P>xPs) recorded
high significant and negative SCA effects
for this trait.

Generally it. could be mentioned that
the crosses which exhibited significant
and positive SCA for both straw and seed
yield and most related traits, include one

559

or both parents of high GCA effects viz,
Sakha -1, S.402/12, Alba and
S.282/98/16/2, meaning that some crosses
included high x high or high x low gen-
eral combiner parents. From the breeding
point of view, crosses exhibiting signifi-
cant and positive SCA effects resulted
from high x high general combiner. The
breeding procedure which utilize both
additive and non-additive genctic wvari-
ance would be more useful for improve-
ment of both straw and sced yield. In this
respect, Thakur et al (1987), Mishra
and Rai (1996) and Abo-Kaied (2002)
came to the same conclusion.
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