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ABSTRACT

Six parental flax genotypes i.e. three dual type G 8 (P1), S.997 (P2), S.954) (P3) and three fiber
type (S. 888/22 (P4), S.103 (P5) and Bombay (P6) were crossed in all possible combinations excluding
reciprocals for generating 15 F1,s then 15 F2,s in 2018/2019. For estimating combining ability and gene
action for straw and seed yields and their components in flax, six parents and their 15 F1,s and 15
F2,s progenies were evaluated in a randomized complete block design with three replications in
2018/2019, 2019/2020 at Giza Agric. Res. Station Farm, Giza Governorate, Egypt. P2 (S. 997) and P5 (S.
103) exhibited significant positive GCA effects for straw yield, plant height and fiber percentage.
Whereas, P1(Giza 8)showed significant positive givalues for seed yield/plant and oil
percentage. . Significant positive SCA effects were detected in P1x P2, for straw yield/plant, P1x P6 for
plant height and P1x P5 for both of technical stem length and fiber percentage which involved high x low
general combiner parents. It could be concluded that the these breeding materials are suitable in breeding
for increasing the above-mentioned characters. Significant positive correlation coefficients between GCA
values and parental means as well as between cross means and their SCA values were observed. Hence,
selection of parents and their crosses in flax breeding program could be depended on their higher mean
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performance for studied traits.
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INTRODUCTION

Flax is grown for the seed and fiber. The plant type
and production system for fiber flax are different than that
of the oilseed cultivars grown in Canada, leading to
different fiber properties (SAFR, 2004). Since, oilseed flax
plants are naturally shorter than those of fiber flax, they
inherently produce shorter fibers. The new applications of
flax fiber for industrial uses do not require the very long
and fine fibers found in fiber flax. Therefore, oilseed flax
fiber could be used, creating the potential for a dual-
purpose crop(Foster et al.,1998). In this respect, De Haan
(1952) stated that present breeders try also to obtain, by
crossing fiber flax and seed flax, varieties combining a
high yield of fiber with a high yield of seed. The present
study assesses 15F; and F, crosses with the objective of
identifying the most parent cross or crosses for producing
pure breeding lines that will give high seed/oil and high
straw/fiber yields Therefore, the current research aimed to
identify the suitable genotypes for future breeding
program.

MATERIALS AND METHODS

1. Experimental procedures

The material used for the present investigation
consisted of 15 possible diallel  crosses among six flax
genotypes could be classified into three categories. These
genotypes included three genotypes (P1= G 8, P,= S.997,
Ps= S.954) dual purpose type and three fiber types (Ps=S.
888/22, Ps= S.103 and Bombay).The 15F; and F
populations as well as their six parents were sown to
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evaluate concerning the breeding value of these parents
and their cross combinations.

Genotypic characteristics of the parent according to
their pedigree, classification, and origin and release date
are presented in Table 1.

Table 1. Pedigree, classification (dual type, D; oil type,
O; fiber type F.) of six flax genotypes.

No Genotypes Pedigree Classification
. Giza 6 x Santa Catalina 6
! Giza8 (I. Argentina) D
2 S. 997 119/7/8 x541/C/3 D
3 S. 954 Romania 10 x S local D
4 S.888/22  2465/1/3 x Romania 20 F
5 S. 103 Introduction F
6 Bombay B12 x C.I. 42 F

Parental lines had been maintained by self-
pollination for several generations, and therefore may be
considered as homozygous pure lines. The parents were
coded from 1 to 6 and a single cross code is a combination
of the two parental codes, with the female parent appearing
on the left.

Investigations of combining ability may be
facilitated by testing in the F, generation, in which there is
usually sample seed, if F, performance is closely related to
F1 performance (Shehata and Comstock, 1971, and Patil
and Chopde, 1981 in flax and Bhullar et al, 1979 in
wheat) with this point of view in mind.
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In 2018/2019 season, 36 entries (6 parents, 15 F1's

and 15F;s) were evaluated in: clay loam soil (at Giza

Agricultural Research station).

The soil of the experimental area varied from clay
with organic matter ranged from 1.71 : 1.75%, pH ranged
from 7.2 : 7.7, E.C ranged from 0.7 : 0.8 ds/cm* in Giza
Research Station.

Layout of the experimental material.

The experiments were laid out in a randomized
complete block design with three replications where each
replicate consisted of 36 entries (6 parents, 15 F, and 15 F,
crosses) . Each plot consisted of two rows. Rows were 3 m
long, spaced 20 cm apart. Single seeds were hand drilled in
5 cm spacing within rows. Normal recommended
agronomic practices for maximization of yield in each
specific environment were applied at individual years and
locations sampled.

Data Collected

1-Yield and yield contributing variables

Ten competitive plants were tagged randomly from
each genotype in each replication to record the following
measurements for ten traits
1- Plant height, (the height from ground level to the top of

the plant measured in cm).

2- Technical height, (the height from ground level to the
point from where primary branches starts, measured in
cm).

3- Capsules per plant, counted at full maturity.

4- Seeds per capsule, (measured as average number of
seeds per capsule from 5 random capsules per plant).

5- Seed weight per plant ().

6- 1000-seed weight (g).

7- Straw yield per plant (g).

8- Number of basal branches, (measured, stems at the base
more than 10 c¢cm in length and bearing at least one
capsule).

9- Qil percentage (%), (as given by the A.O.A.C. 2000
using a Soxhlet apparatus and petroleum ether with a
boiling range of 60-80°C as solvent for sixteen hours).

10- Oil yield plant (g), by multiplying the seed yield/plant
and oil percentage.

2- Statistical manipulation of the data:

Data were subjected to analysis of variance using
plot means.

Combining ability analysis

General (GCA) and specific (SCA) combining
ability were calculated according to Griffing's method 2,
model 1 (fixed effects). Forms of analysis for individual
generation as given by Griffing (1956) were used for the
combining ability analysis.

GCAVJ/SCA ratio with its significant level plus the
relative importance (RI) of general and specific combining
ability on progeny performance (i.e., the ratio between
additive vs. total genetic variance components) as
estimated according to Betran et al. (2003) as the ratio:
28%ca / (28%ca + 8%ca), where &%cea, S%sca are the
variance components for GCA and SCA were used as
indicator for the relative importance (RI) of additive and
non-additive effects

RESULTS AND DISCUSSION

Analysis of variances:
Mean squares (Table 2) due to 36 flax genotypes (6
parents, 15 F; crosses and 15 F; crosses), were significant

for all characters under study (straw yield/plant, plant
height, technical stem length, No. of basal branches/plant,
fiber percentage, seed yield/plant, No. of capsules/plant,
No. of seed index, seeds/capsule in F1, and oil percentage)
with exception for No. of seeds/capsule in F; which was
non-significant .This indicated that those parents, F1’s and
F2’s crosses showed reasonable degree of variability for
these characters. Such variability among different flax
genotypes for yield and its components was also reported
by Abo El-Zahab et al (2010) , Abo Kaied (2006 ) and
Abd Al-Sadek, (2015), Also, mean squares due to crosses
revealed highly significant for all characters studied. These
results indicated wide genetic variability for all variables
studied. Mean squares due to parents are significant for
straw, seed yield/plant and their components except for No.
of seeds/capsule in two generations (F1’s and F2’s). Parents
vs. crosses (P.vs.C.) mean squares as an indication of
average heterosis over crosses are found to be highly
significant for straw and seed yields/plant and their
components with exception for each of No. of
seeds/capsule in F,, fiber percentage in F1 and oil
percentage in F,. GCA variances was significant for all
studied characters except for seed yield /plant in F1 and No.
of seeds/capsule in F.. SCA variances were highly
significant for all studied characters except for No. of
seeds/capsule in Fo. This indicating the presence of both
additive and dominance type of genetic variances. GCA
variances were larger than the corresponding SCA
variances for plant height in both F; and F, indicating the
predominant role of additive gene action involved in the
expression of this character. Therefore, selection should be
possible within this F, and subsequent populations for this
character. Similar results were reported by Abd Al-Sadek,
(2015).While, the ratio of GCA/SCA variances were
higher than unit for plant height, fiber % and oil % in F1
and F2, in addition to No. of seeds/capsules and seed index
in F2 generation, indicating the predominant role of non-
additive gene action involved in the expression of these
characters, as suggested by Abo-Kaied (2006).

GCA effects:

The estimates of general combining ability effects
(&) are presented in Table (3). P2 (S. 997) showed
significant positive g for straw yield/plant and its two
important components (plant height and technical stem
length) in both F1’s and F»’s as well as fiber percentage in
only F . Also, Ps(S. 103) exhibited significant positive g
for each of straw yield/plant in F, plant height in F, fiber
percentage in F; and F, and No. of seeds/capsule in both
generations under study suggesting the importance of these
two parents (P2 and Ps) for increasing straw yield/plant,
plant height and fiber percentage. This indicating that the
use of these two parents in flax breeding programs could
increase straw yield and fiber percentage consequent
increasing fiber yield. Also, P, (Giza 8 ) exhibited
significant positive GCA effects for oil percentage in both
F1’s and Fy’s as well as seed yield/plant in only F1’s. P3(S.
954) showed significant positive for GCA effects. P4 (S.
888/22) exhibited significant positive GCA effects for seed
index in both F;’s and F»’s as well as seed yield/plant and
plant height in only Fi’s. Also, Ps (Bombay) exhibited
significant positive GCA effects for straw yield/plant, plant
height and fiber percentage in F1’s generation.

In general, P, (S. 997) and Ps (S. 103) exhibited
significant positive GCA effects for most important
characters (straw yield, plant height and fiber percentage),
indicating that the use of these parents (P2, Ps) in flax
breeding programs could increase fiber yield. Concerning,
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seed yield/plant and oil percentage results indicated that the
P: (Giza 8) showed significant positive § values.
Therefore, this parent appeared to be good combiner for
seed yield and consequent increasing oil yield.

The simple correlation coefficient between GCA
values and parental means for two traits (plant height and
fiber percentage) only were significantly positive in both
generations (F1’s and F2’s). These results indicated that
the parents showing higher mean performance (Table 6)

proved to be the highest general combiners for these traits.
Therefore, selection of parental population for initiating
any proposed breeding program could be practiced either
on their respective mean performance or on the basis of gi
effects. Such agreement might add another proof to the
preponderance of additive genetic variance in these cases.
Mishra etal (2013), Kumar etal( 2013), Sahu (2013),
Abdel-Moneam (2014), Pali and Mehta ( 2014) and Abd
Al-Sadek, (2015).

Table 2. Mean Squares for 21 flax genotypes (6 parents and 15 crosses), general (GCA) and specific (SCA)
combining ability for straw, seed yields and thier components.

straw yield/ Plant height Technical stem No. of basal ~ Fiber ieﬁie?ant Numberof ~ Numberof Seed index Qil
SOV. df plant(g) (cm) length (cm)  branches percentage y (gF)) capsules/plant seeds/capsules @) percentage

FI FR2 F1 R F1 F2 F1 F2 F1 F2 F1 R F1 F2 F1 F2 F1 F2 F1 R
Reps 2 1.36n50.30ns 8‘5?9 930ns 7.68ns 1.96ns 1.36ns0.30ns0.05ns0.10ns 0.33ns 0.10ns 11046ns 11.25ns 0;19 0.66ns 0.04ns0.31ns0.22ns0.48ns
G 4580 816 364.18 16211 31830 31493 4580 816 389 430 1307 190 231231 41297 229 256 293 223 320
C 4946 997 46850 102.78 15723 27565 4946 997 472 527 885 133 92468 55941 243 0. 130 233 246 393
(Ps)renm 5 4430 4430 1ZiY4 12&74 6052+ 60,.(52 4’;20 4;20 2£7 2i7 116 1&6 67.10ns 67’;10 015ns 0.15ns 4&8 4&8 1,.30 1510
p 20351 364 9093 1169583862.1121368720351 364 0.85 13163 1363 3296527 9215 1109 116 461 117

639 180 18696 5554 8351 6864 639 180 351 163 132 5619 3318 018 081 130 176 172

1822 303 9954 5354 11363 11709 1822 303 056 137 537 084 1008% 17248 096 087 087 041 085
Error 40 025 020 079 426 112 606 025 020 002 003 007 004 2257 691 003 014 002 004 005 007
GCA/SCA 035 059 188 104 073 059 035 059 630 119 024 003 006 019 019 164 093 149 433 202

*** Significant at 0.05 and 0.01 levels of probability, respectively.

Table 3. Estimation of general combining ability effects(gi) for straw, seed yields and their components in 6 flax

genotypes

Parents LSD (gi-gi)
Characters G PI= it pyos 007P3=5.045 P4=Sg8B22 P5=5.103 PG=Bombay ' 005 001
Straw yield/plant F1 006ns  1.35** -127** 0.03ns 0.44** -0.60** 0.23 051 0.68
F2 -0.76** 0.65**  0.16ns 0.20ns -0.24ns 0.01ns 0.65 045 0.60
Plant height (cm) F1 -7.31** 327** -450** 2.84** 4.86** 0.84** 081 090 1.20
F2 -463** 171* 0.78ns 1.06ns 2.55** -1.47* 0.83 2.08 279
Technical stem length F1 -6.15**  2.77**  -0.17ns 0.20ns 2.42** 0.93** 095 1.07 143
(cm) F2 -2.69** 265**  351** 1.02ns -0.62ns -3.86** 052 249 333
No. of basal branches F1 0.24** 0llns -0.42** 0.10ns -0.16** 0.13* 0.67 0.17 0.22
) F2 -010ns -0.02ns  -0.16* -0.11ns 0.21** 0.18* -0.52 024 032
Fiber percentage F1 -1.32** 0.04ns  0.23** 0.35** 0.26** 0.45** 099 016 0.21
F2 -079** 0.24**  0.46** -0.05ns 0.31** -0.18** 0.77 0.16 0.22
Seed yield/plant F1 047>  040** -0.34** 0.21* -0.42** -0.32** 0.61 027 0.36
F2 0.08ns 0.0lns  0.00ns -0.07ns -0.04ns 0.03ns 050 0.20 0.27
Capsules/plant F1 077ns 282ns -1.23ns 0.53ns -4.65** 1.76ns 059 480 6.42
F2 -084ns -1.18ns  -1.76* -0.97ns 1.09ns 3.66** -0.66 2.66 3.55
No. of seeds /capsule F1 013* 0.02ns  -0.21** 0.05ns 0.16** -0.16** 021 0.17 0.23
) F2 007ns -0.21ns  -0.06ns -0.12ns 0.35** -0.04ns 056 0.38 051
Seed index F1 -012* 0.04ns 047** 0.21** -0.15** -0.45** 094 016 0.21
F2 -0.03ns -0.0l1ns  0.59** 0.30** -0.31** -0.53** 0.85 021 0.29
Oil percentage F1 0.93** -025** -0.25** 0.03ns -0.17* -0.28** 091 023 031
F2 0.83** -021* -0.53** 0.10ns -0.24** 0.05ns 0.67 026 0.35

*** Significant at 0.05 and 0.01 levels of probability, respectively.

SCA effects:

Specific combining ability effects for straw
yield/plant and its components are shown in Table 4a. For
straw yield/plant, out of the 15 F; and F, crosses, only six
crosses in F; and four crosses in F, showed significant
positive SCA effects, while two crosses (P1x P2 and P3xPa)
only exhibited significant positive SCA effects for both

generations. Six crosses in F1 and seven crosses in F, for
plant height are shown significant positive SCA effects, in
either three crosses (P1xPs, PoxP4 and P3xPy) indicated
significant and positive SCA effects for both generations.
For technical stem length, two crosses F; and eight in >
exhibited significant and positive SCA effects, only one
cross (P1xPs) indicated highly significant and positive SCA
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effects for both generations. Also, one cross (PsxPg) for
No. of basal branches/plant only and one cross (P1xPs) for
fiber percentage exhibited desirable direction SCA effects.

In general, P1x P, for straw yield/plant, P1x Ps for
plant height and P1x Ps for both of technical stem length
and fiber percentage which showed significant positive
SCA effects involved high x low general combiner parents.
It could be concluded that the three crosses are suitable in
breeding for increasing the three above-mentioned
characters.

For seed yield and its components (Table 4b), out
of 15 F1 and 15 F, crosses, nine crosses in F1 and one cross
in F indicated significant positive SCA effect for seed
yield/plant, ten crosses in F; and two crosses in F for No.
of capsules/plant, seven crosses in F; only for No. of
seeds/capsule, three crosses in F1 and five crosses in F; for
seed index and four crosses in both generations for oil

Table 4a. Estimation of specific combining ability (Sij) effe

percentage showed significant positive SCA effects. On the
other hand, three crosses only exhibited SCA effects for
both generations (P1xP, for No. of capsules/plant, P4xPs for
seed index and finally PsxPs for each of No. of
capsules/plant, seed index and oil percentage). One cross
(PsxPg) involved high x low general combiner parents for
No. of capsules/plant, indicated more evidence that this
cross may yield transegressive segregates in later
generations.

The correlation between cross means (Table 5) and
their SCA values (Table 4b) indicated that the crosses
showing higher mean performance proved to be the highest
specific combining ability for these traits. Pali and Mehta (
2014), Abdel-Moneam (2014), Abd Al-Sadek, (2015),
Abd El-Haleem and Abd Al-Sadek (2015). Singh etal
.(2016) and Ram etal (2018).

cts for straw, seed yields and their components in 15 F1

flax crosses
straw Plant Technical  No. of - Seed  Number of Number of . .
Crosses yield/  height stemlength basal Fiber yield/plant capsules/pl seeds/capsu Seed index Oil
plant () (cm) (cm) branches percentage 9) ant les @ percentage

P1xP2 $ 5.86** -198* -858** 1.35%* -0.78** 2.21** 12.05** 1.04** 0.86** 0.09ns
P1xP3 0.02ns -8.70** -14.01**  0.89** -1.30** 0.62* 24.83**  -0.04ns 0.07ns 0.42*
P1xP4 -2.49*%* -17.15%* -8.79** 0.29ns -0.85** 0.05ns -8.39ns 0.69** 0.13ns 0.61**
P1xPs -0.67ns  4.93**  2.62** 0.23ns 0.50** -0.59* 0.42ns -0.08ns -0.38** -0.53*
P1xPs 452** 10.08** -2.94** 0.81** 0.39** 2.87** 36.61** 0.29ns -0.60** -0.20ns
P2xP3 -5.10** 0.26ns  5.67** -1.29** 0.96** -2.69**  -11.97**  0.65** -0.84**  -0.94**
PoxP4 -0.38ns  9.66**  -4.28** 2.14** -0.38** 1.43** 22.50**  -1.63** -0.30* -0.03ns
P2xPs 8.67** 595**  -413** 0.74** 0.51** 3.52** 44.93** 1.32** -1.05%* -0.82**
PoxPs -0.53ns  -6.47** -6.33** 1.02*%* -0.55** 0.78** 10.80* 0.28ns -0.52** 0.63**
P3xP4 3.86%*  7.33**  -467** 0.95** 0.24ns 2.78** 34.52** 0.53** -1.66** -0.12ns
P3xPs -2.89%* -20.42** -14.00**  0.66** -0.81** 0.44ns -7.30ns -1.33** -0.35* 0.13ns
P3xPs 2.77**  1.21ns -1.98* 1.20%* 0.77** 1.00%* 20.13** 0.20ns 0.20ns -1.10**
P4xPs 3.60** 10.96** -3.05** 0.75** 0.69** 1.33** 20.32** 1.50** -0.96** -0.27ns
P4xPs -0.23ns  -0.77ns  -5.68** 0.06ns 0.38** 0.31ns 6.88ns 0.52** 0.86** -0.10ns
PsxPs 0.05ns  -6.29**  -4.13** 1.44** -0.42** -0.36ns 10.68* 0.03ns 0.47** 0.93**
r# 0.97** 0.90** 0.86** 0.95** 0.81** 0.96** 0.98** 0.98** 0.85** 0.80**
LSD(Sij-Sii)

5% 1.34 2.38 2.83 0.44 0.41 0.72 12.70 0.46 0.42 0.62
1% 1.79 3.19 3.78 0.59 0.55 0.96 17.00 0.61 0.56 0.82

$ = Number refer to parent codes, Table 2.
*** Significant at 0.05 and 0.01 levels of probability, respectively.

r #: Simple correlation coefficients between SAC values and means of crosses.

Table 4b. Estimation of specific combining ability (Sij) effe

cts for straw, seed yields and their components in 15 F2

flax crosses.
straw Plant Technical  No. of - Seed  Number of Number of - -

Crosses yield/  height stemlength  basal eli?:t; e yield/plant capsules/pl seeds/capsu Seec} |;1dex erc2r|1|ta e

plant(g) (cm) (cm) branches P g () ant les 9 P 9
P1xP2 $ 2.63** -0.28ns  0.30ns 0.12ns -1.30** -0.38* 5.50* 0.47ns 0.81** 1.58**
P1xP3 -2.55%*  529** 4,76* -0.77%* 0.17ns -0.40* -4,99* -0.31ns 0.77** -0.14ns
P1xP4 -0.53ns  2.18ns 4.65* -0.24ns -0.05ns -0.06ns -0.08ns 0.52ns 0.59** -0.43ns
P1xPs -0.82* 1.05ns  7.34** -0.65** 1.13** -0.66** -8.56** 0.06ns -0.56** -0.96**
P1xPg -1.22%*  7.11**  8.24** -0.73** 0.01ns -0.94** -8.96** -0.10ns -0.68** 0.22ns
P2xP3 0.87* -0.38ns  0.03ns 0.54* 0.10ns -0.43* 2.99ns -0.20ns -1.35%* -0.78**
P2xPy -2.32**  9.87**  11.54** 0.04ns 1.28** -0.72%* -5.61* -0.99** 0.26ns -0.77%*
P2xPs -0.86*  3.45ns 1.39ns -0.46* -0.65** -0.35ns -4.77* 0.31ns -1.22%* -0.17ns
P2xPg -1.03*  5.94**  11.79**  -1.23** 1.00** -0.52**  -11.98**  0.10ns -0.06ns -0.45ns
P3xPy 0.82*  4.60* 481* 0.27ns 0.52** -0.28ns -0.57ns -0.32ns -1.35%* -0.59*
P3xPs -1.92**  931**  18.06**  -0.95** 1.69** -0.81** -9.76%* 0.16ns 0.09ns -1.21%*
P3xPg 0.72ns  -0.58ns 1.23ns -0.11ns -1.81** -0.60** -5.73* 0.25ns 0.24ns 0.28ns
PaxPs -0.16ns  -0.13ns  -0.59ns -0.31ns -1.91%* -0.31ns -2.16ns 0.39ns -1.21** 1.27**
P4xPg 0.74ns  3.82* -0.42ns -0.87**  -151** 0.11ns 2.08ns 0.26ns 0.64** 1.17**
PsxPg 3.35** -10.37** -17.89**  3.24** 0.24ns 1.93** 41.12*%* 0.24ns 0.46* 0.53*
r# 0.95 0.84 0.94 0.99 0.91 1.00 0.99 0.92 0.84 0.89
LSD(Sij-Sii)
5% 1.18 5.52 6.58 0.64 0.43 0.53 7.03 1.01 0.56 0.69
1% 1.58 7.38 8.80 0.85 0.58 0.71 9.40 1.35 0.76 0.92

$ = Number refer to parent codes, Table 2.
*** Significant at 0.05 and 0.01 levels of probability, respectively.

r #: Simple correlation coefficients between SAC values and means of crosses.
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Mean performance:
Parent mean performance:

Increasing the vyield of oil per unit area and
improving its quality for cooking purpose are among the
major breeding objectives of linseed research in Egypt. The
first objective, i.e. the increasing the oil yield per unit area,
could be achieved by increasing both the seed yield per
unit area and oil content of the seed. QOil content can be
increased by decreasing the proportions of seed coat and
protein, since there is an inverse relationship between oil,
protein and fiber contents (Knowles, 1983 and Nagvi et al
1987). For oil percent, P; (Giza 8) exhibited the highest
number of capsules, oil percentage and the highest mean
performance (Table 5). Parent Ps (S. 103) of fiber type
exhibited maximum values for plant height and technical
stem length. Also, exhibited the highest mean performance
in number of seeds/capsule. The finding that the fiber type
Ps (S. 103) revealed the maximum number of
seeds/capsule is apparently not explainable, but in fact this
may be expected on the basis of its small size expressed as
seed weight. Identification of more valuable crosses in the
F1 and F, generations would result in more efficient
breeding programs (Smith and Lambert, 1968). Significant
variations due to cross combinations, some Cross

combinations reached the best high parent and in some
cases significantly exceeded the mean performance of the
best parent for all traits studied in F1 except technical stem
length and seed index. However, such phenomina, in F;
generation were recorded for some crosses in only four
traits viz: plant height, number of basal branches/plant,
number of capsules/plant and oil percent (Table 5). Similar
findings were found by Shehata and Comstock, (1971) in
nine parents diallel cross in flax, where average of four F,
populations exceeded the high yielding parent by 15 to
19%. One F; population, Russian x C.L.1664, exceeded by
5.5 % the yield of Marine as the highest yielding cultivar. It
is evident from data presented on Table (5) that in F,, out
of fifteen cross combinations, one cross (P2 % Ps) for straw
yield/plant, and two crosses (P1 X Pg) and (P2 x Ps) for seed
yield/plant, and for two crosses (P1 x P2 and P4 x Pg) for
number of capsules/plant, for one cross (P; x P2) for 1000
seed weight, for three crosses (P1x Pa, P1 % P3and Py x Py)
for oil percentage, recorded superiority over the best
parent. However, in F; this superiority was detected in one
cross (P4x Ps), (P2 % Ps) and (P2 x Ps) for plant height, all
crosses for number of capsules/plant and two crosses (P x
Ps and P1 x Py4) for oil percentage (Singh et al, 2016 )

Table 5. Mean performances of 21 flax genotypes(6 parents,15 F1's and 15 F2'scrosses) for straw, seed yield and

their components.

Straw yield and its components

Seed yield and its components

Genotypes straw Plant height ~ Technical ’ggé;;f Fiber Sefsgr']ild caN;slu(:Zs seed index seti\tljg}:;ps Oil
yield/plant (cm) length (cm) branche percentage © jplant ule percentage
Parents
Giza 8 7.31 94.07 69.83 1.99 16.75 2.89 34.76 8.45 6.49 40.14
S. 997 9.24 105.10 80.63 153 18.57 2.73 3247 9.74 6.39 38,51
S. 945 8.94 103.43 80.43 1.25 18.90 2.78 33.40 10.96 6.76 38.79
S.888/22 8.70 102.95 79.90 141 19.05 201 29.12 10.11 6.49 38.49
S. 103 7.31 114.44 82.45 1.06 18.67 153 22.15 9.57 6.79 3841
Bombay 6.33 105.09 78.66 1.29 18.98 1.59 26.95 7.63 6.21 37.83
Crosses
F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 Fl F2 F1 F2 F1 F2
P1xP, 18.08 10.10 96.25 107.80 54.31 88.12 5.00 1.06 16.32 16.46 7.62 1.22 81.62 31.37 951 9.75 8.38 7.00 39.25 40.82
P1xPs 9.62 443 8177 11243 4595 93.43 4.02 0.03 15.98 18.15 529 1.20 90.35 20.30 9.15 10.30 7.07 6.37 39.59 38.78
P1XPy4 841 649 80.66 109.61 5154 90.84 3.94 0.61 16.57 17.42 527 147 5888 26.00 895 9.83 8.06 7.14 40.05 39.12
P1xPs 1064 5.76 104.77 109.96 65.16 91.89 3.61 052 17.83 1896 4.00 0.89 6251 19.59 8.08 8.08 7.39 7.15 38.70 38.24
P1xPg 1479 5.62 105.89 112.00 58.12 89.54 4.49 0.42 1790 17.35 755 0.68 105.1221.75 756 7.74 7.45 6.60 38.93 39.72
P,%P5 579 9.26 101.31 113.10 7454 9405 1.70 143 19.61 19.10 191 1.10 55.60 2795 841 8.21 7.65 6.19 37.04 37.11
P,xP, 1181 6.11 118.05 123.63 64.96 103.06 5.65 0.97 18.39 19.78 659 0.74 91.83 20.13 8.68 9.53 5.63 5.34 38.23 37.74
P,xPs 2128 7.14 116.37 118.70 67.33 91.28 3.98 0.79 19.19 1820 8.05 1.13 109.08 23.04 7.58 7.44 8.69 7.11 37.23 38.00
P,xPg 11.03 722 99.92 117.17 63.64 9843 455 0.00 18.32 19.36 540 1.04 81.37 1840 7.80 8.39 7.33 6.52 38.58 38.01
P3xPy 13.43 8.77 107.95117.44 6164 97.20 393 1.07 19.20 19.24 7.20 1.17 99.79 2459 7.75 851 756 6.17 38.15 37.60
P3xPs 710 558 8223 123.63 54.52 108.80 3.38 0.17 18.06 20.77 4.22 0.67 52.80 17.47 870 9.35 5.81 7.12 38.19 36.64
P3x%Pg 11.71 847 99.83 109.71 65.05 88.74 4.21 0.98 19.83 16.77 4.88 0.95 86.64 24.07 895 9.29 7.02 6.82 36.85 38.42
P4%Ps 1488 7.39 12094 11448 65.84 87.67 399 0.85 19.69 16.65 566 1.10 82.17 25.86 7.83 7.75 890 7.29 38.06 39.74
P4xPg 10.01 854 105.19 114.40 61.72 84.60 359 0.27 19.56 1656 4.74 159 75.15 32.67 9.35 9.39 7.60 6.77 38.12 39.93
PsxPg 10.71 10.15 101.70 100.62 65.49 65.84 4.71 4.62 18.67 1791 344 340 7515 7377 860 841 7.22 7.18 38.95 38.55
G. Means
LSD5% 134 118 238 552 283 658 044 064 041 043 072 053 1270 7.03 046 1.01 042 056 0.62 0.69
1% 179 158 319 738 378 880 059 085 055 058 096 071 17.00 9.40 0.61 1.35 0.56 0.76 0.82 0.92
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