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ABSTRACT

The present investigation was conducted using six flax genotypes with their 15
F1 crosses grown under two environments (Giza Exp.Station, Giza Governorate and
Ismailia Exp.Station, Ismailia Governorate) to determine combining ability and gene
action of some agronomic flax characters in these entries (parents and their crosses).
In 2007/08 season, the six parents {P1 (S.541-A/5), P2 (Sakha 3) , P3(S.435/11/10/3),
P4 (Gentiana), Ps (Elona) and Ps (Escalina)} and their 15 progenies were evaluated in
a randomized complete block design with three replications at the two above-
mentioned locations.

High ratio of GCA/SCA revealed that additive played greater role than non-
additive genetic effects in the inheritance of straw weight and its two important
components (plant height and technical stem length) as well as seed weight and its
two important components (No. of capsules per plant and 1000-seed weight) under
the two environments and combined analysis. On the other hand, the non-additive
genetic effects played an important role in the inheritance of No. of basal branches
per plant. Mean squares of interaction between environment and both types of
combining ability for most studied traits revealed that the magnitude of both additive
and non-additive types of gene action varied from environment to another. Whereas
the non-additive genetic effects are more influenced by drought environment than
additive effects in each of straw weight, plant height, seed weight and No. of capsules
per plant. In contrast, additive genetic effects were more influenced by environment
than non-additive effects in both technical stem length and No. of seeds/capsule. The
two parents, P1 and P3s showed significant positive gi effects for straw weight, seed
weight, No. of capsules per plant and 1000-seed weight in both environments and the
combined data. For Sj effects, the two crosses, Pi1xP4 and PixPs for straw weight in
addition the two crosses, PixPs and P2xP3 for seed weight and 1000-seed weight
included low x high general combiner parents. Therefore, these crosses are suitable
in breeding program for increasing the previous characters. Concerning drought
tolerance, Ps for each of straw weight, seed weight, No. of capsules and 1000-seed
weight; P4 for plant height; Ps for technical stem length and P1 for each of plant height,
No. of basal branches per plant and 1000-seed weight exhibited high yielding ability
with tolerance to drought. Also, the cross, P4xPs exhibited high yield potential with
moderate tolerance to drought for each of straw weight, plant height and technical
stem length. While, the cross PixPs only exhibited high yielding potential and stress
tolerance for all seed characters. In the meantime’s this cross (P1xPs) showed high
SCA effects for seed weight and its two important components. Hence the two
crosses, PixPs and P4xPs may be useful as potential breeding material for developing
genotypes tolerant to sandy soil conditions for seed and straw weight, respectively.
Keywords: Flax, Diallel analysis, Gene action, Drought tolerance.

INTRODUCTION

The extension of flax (Linum usitatissimum L.) cultivation in Egypt is
hampered by several factors. During the winter season the land is occupied
by wheat, berseem, fababean ...etc, which need to be cultivated in the
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ancient Valley lands. Therefore, the extension of the flax cultivated area in
sandy soil has become a must. But, such soil has low water-holding capacity
and irrigation water is limited. Flax investigators try to solve this problem by
releasing drought tolerant cultivars and/or the best management of irrigation
under sandy soil conditions. Therefore, any breeding program must be
initiated and evaluated in sandy areas, before releasing a flax cultivar for
sandy reclaimed soil. Also, developing drought tolerant varieties is important
for the successful production of a cultivar that is adapted to the sandy soil
conditions.

Information about combining ability and type of gene action of traits
related to sandy soil conditions or to drought tolerance are necessary for flax
breeder to design an appropriate breeding program for producing flax
varieties have ability to drought tolerance. Published work on the combining
ability and type of gene action of flax traits under sandy soil conditions is
generally lacking. On the other hand, many investigations studied the
combining ability in flax under normal conditions, i.e. Patil, et al., (1997),
Foster et al., (1998), Abo El-Zahab and Abo-Kaied (2000) and Abo-Kaied
(2002), who found that additive genetic variance had more important role in
the inheritance of straw yield, plant height, technical stem length and 1000-
seed weight. ON the contrary, non-additive variance had an important role in
the inheritance of No. of basal branches per plant, seed yield per plant and
capsules per plant as reported by Shehata and Comstock (1971), Patil and
Chopde (1981) and Abo-Kaied (2006).

Therefore, the present study aimed 1) to estimate combining ability
of 21 flax entries (6 parents and their 15 F1 crosses) under both normal and
sandy soil conditions and 2) to identify the best parents and crosses which
could be recommended for breeding flax lines adapted to sandy solil
conditions.

MATERIALS AND METHODS

This investigation was carried out during the two successive seasons
2006/2007 and 2007/2008. In the first season, all possible crosses were
made, excluding reciprocals, in a diallel mating design involving six parental
flax genotypes {Pi1 (S.541-A/5), P2 (Sakha 3) , P3 (S.435/11/10/3), P4
(Gentiana), Ps (Elona) and Ps (Escalina)} to obtain 15 F1 crosses at Giza
Agric. Res. Station, Agric. Res. Center. Genotype characteristics of the
material used according to their pedigree, origin and type are presented in
Table (1).

Table 1: |Identification of parental genotypes used, pedigree,
classification (dual, oil, fiber types) and origin.

Genotypes Pedigree Type  Origin
P1=S.541-A/5 Giza 7 x Giza 8 dual Local strain
P>=Sakha 3 |. Belinka x I. 2569 fiber Local cv.
P3=S.435/11/10/3 S.162/12 x S.2467/1 (Hira) dual Local strain
Ps=Gentiana Introduction from Romania oil Romania
Ps=Elona Introduction from Holland fiber Holland
P6=Escalina Introduction from Holland fiber Holland
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In the second season, the hybrid seeds of the 15 diallel crosses were
used to evaluate its F1 progenies with the six parents at two locations viz:
Giza Exp.Station, Giza Governorate (clay, organic matter of 2.44%, available
nitrogen 38.45 ppm, E.C. 1.97 and pH = 7.95) and Ismailia Exp.Station,
Ismailia Governorates (sandy soil, organic matter of 0.045 %, available
nitrogen 6.65 ppm, E.C. 0.15 and pH value of 7.21).

The experiment was laid out in a randomized complete block design
with three replications with restricted randomization where each replicate
consisted of 21 entries (6 parents and 15 F1 crosses) and each entry was
sown in one plot. Each plot consisted of one row. Row was 3 m long, spaced
20 cm apart. Single seeds were hand drilled in 5 cm spacing within rows. The
normal cultural usually recommended for flax cultivation were applied at the
proper time in both environments. Observations and measurements were
recorded for each plot on 10 guarded plants chosen at random from each plot
for the following characteristics:

1- Straw weight per plant and its components:

(1) Straw weight/plant: Total weight in grams of the air dried straw per plant
after removing the capsules, (2) Plant height (cm): Measured as the distance
from the cotyledonary nodes up to uppermost capsule, (3) Technical stem
length (cm): The length of the main stem between the cotyledons and the
apical branching point and (4) No. of basal branches: Measured for stems at
the base more than 10 cm in length and bearing at least one capsule.

2- Seed weight per plant and its components:

(1) Seed weight/plant (gm), (2) No. of capsules/plant, (3) 1000-seed weight
(gm), and (4) No. of seeds/capsule: Measured as average number of
seeds/capsule from 5 random capsules per plant.

Combining ability analysis:

Plot means were used for statistical analysis. Data from each
environment (combinations of locations) were analyzed and Barteltt’s test for
heterogeneity of error variances across environments indicated that error
terms were homogeneous. In the combined analysis across environmental
effect was assumed to be fixed. Combining abilities, general (GCA) and
specific (SCA) were calculated according to Griffing’s method 2, model 1
(fixed effects). Forms of analysis for individual environments as given by
Griffing (1956) and for combined analysis as suggested by Singh (1973).
Susceptibility analysis:

A stress - susceptibility analysis index (S) was used to characterize

each genotype in the stress environments and the index was calculated using
genotype means and a generalized formula (Fisher and Maurer 1978) in
which
S = (1-YS/YN)/D, where YS = mean yield with stress environment, YN =
mean yield with normal environment, and D = environment stress intensity =
1- (mean YS of all genotypes/mean YN of all genotypes).
The “S” was used to characterize the relative drought stress tolerance of the
various genotypes, where S<0.50 indicated highly stress tolerant,
S>0.50<1.00 designated moderately stress tolerant and S>1.00 referred to
susceptible.
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RESULTS AND DISCUSSION
1-Combining ability:
1-1-Straw weight per plant and its components :

Table (2) shows mean square estimates for straw weight and its
components, plant height, technical stem length and No. of basal
branches/plant due to 21 flax genotypes (6 parents and 15 Fi1 crosses) under
normal (Ei= Giza) and drought (Ez= Ismailia) environments and their
combined data. Mean squares due to environments and genotypes were
highly significant for straw weight and its components. This indicated the
presence of true differences among the genotypes and the wide diversity
between the parental materials used in the present study under the two
environments. The significant differences among parents and crosses
observed for straw weight and its components at both environments and their
combined analysis, indicated that sufficient genetic variability was existed in
the population and increase the chance of isolating good new recombinations
in the following generations. In this connection, significant differences
between flax genotypes for straw weight and its attributes were detected by
Abo El-Zahab and Abo-Kaied (2000) and Abo-Kaied et al., (2007). Also, the
parents vs. crosses mean squares, as an indication to average heterosis over
all hybrids were significant, revealing that heterotic effect was pronounced for
straw weight and its components at the two environments and in the
combined analysis.

Mean squares due to general (GCA) and specific (SCA) combining
ability were highly significant for straw weight and its components under
normal and drought environments. These results indicate that both additive
and non-additive genetic effects were involved in the inheritance of straw
weight and its components. Whereas, the magnitude of mean squares due to
GCA with that for SCA revealed that GCA/SCA ratio was more than unity for
straw weight and its two important components (plant height and technical
stem length) under the two environments and combined analysis. On the
other hand, the non-additive genetic effects play an important role in the
inheritance of No. of basal branches/plant. Therefore, effective selection
could be possible within F2 and subsequent generations of the involved
crosses for straw weight/plant, plant height and technical stem length. These
results were similar to those obtained by Patil, et al., (1997); Foster et al.,
(1998); Abo El-Zahab and Abo-Kaied, (2000), Abo-Kaied, (2002) and Abo-
Kaied et al., (2007).

The interaction between each of genotypes, parents, crosses and
parent vs. crosses with environment was highly significant for all traits except
crosses X E interaction was insignificant for No. of basal branches/plant,
revealing inconsistent responses for these sources of variations from drought
to normal conditions. Also, the mean squares of interaction between
environment and both types of combining ability were highly significant for
straw weight and its two important components, plant height and technical
stem length except only GCAXE interaction was insignificant for plant height,
revealing that the magnitude of both additive and non-additive types of gene
action varied from environment to another.
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Tahle 2. Mean squares of ordinary and combining ability analyses for straw weight and its
components in Fy generation under normal (Eq) and drought (Ez) environments
and their combined data (C.).

5.0V df E, | E, | c. E, | E | c.

5. | C.|Straw weight/plant (g) Plant height’plant {cm}
Environment (E} 1 457970 = G951 BO06 **
Reps) E 4 0859 = 44117 nz

Genotypes(G) [20|20 6240 ** 2158 % G131 = | 235640 * | 238772 *| 425503
Parents (P} EI] 7780 1.363 = Q728 = | 2680020 * | 214297 *=| 424329 *=
Crosses(C.) |14(14 4570 3695 * 3.508 = | 201.330 % | 239943 **| 394564 =

Paus.C 101 21.940 * S04 ** | 24559 % | 594130 * | 344731 M| 922015 **
GxE i §.355 = 33 574
PxE 5 5.230 = 332708 =
CxE 14 24085 = 4B 707 |**
Pus CxE 1 19.285 = 631539 =
GCA 2| 5 3914 # 1.275 % 4700+ 96937 = 89403 |** | 152615 =
SCA 15|15 1469 ** 0533 | 1158 | 72400 * | 7E320|*| 120573 %
GCAxE 5 0.492 = 37M ns
SCAXE 15 0.544 = 19147 =
Error 401 &0 0123 0.030 0.07s 3822 3463 3645
GCASCA 2664 2.385 4058 1.340 1471 1.408
5.0.¥ 5. | C. |Technical stem length/plant {cm) |[Humber of basal branches/plant
Environment (E} 1 £009.769 * 1215 =
Reps/E 4 95908 = 0.265 ns

Genotypes(G) |20|20| 261.950 * | 155186 *| 391161 * 0.560 * 0.554 ** 1105 **
Parents (P) G| 5| 323810 % | 112343 *| 394664 * 0700 * 0739 * 1437 *

Crosses(C.) |14|14] 225920 * | 183.831 *| 368514 0.500 = 0.439 ** 0973 =

Pus.C 1| 1| 457100 * | 245399 ** | G39.710 * 0760 ** 0535 * 1.286 =
GrE 20 286791 ** 0746 **
PxE 3 304535 = 0965 **
CxE 14 M23E 001 ns
Pus C xE 1 475594 = 067 **
GCA S| 5| 1vaFar @ 99319 *| 200.724 = 0.045 ** 0.055 ** 0100 =
SCA 1515 &S6.823 * 50,533 *| 103.941 = 0.234 = 0225 * 0.455 **
GCAxE 3 18.392 = 0001 ns
SCAxE 15 S.415 % 0004 ns
Error 401 &0 1.494 24955 2225 0.008 0.007 0007
GCASCA 24935 1.085 2ms 0aey 0.241 0218

ns,* ** non- significant, significant st 0.05 and 0.01 levels of probakility, respectively .

5. Single environment  C. Combined over environments
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It is fairly evident that mean squares of GCAXE/GCA were lower than SCAXE/
SCA ratios indicating that non-additive genetic effects were much more
influenced by the drought conditions than additive effects in both straw weight
and plant height. In contrast, additive genetic effects were more influenced by
environment (drought conditions) than non-additive effects for technical stem
length. While, concerning No. of basal branches/plant both additive and non-
additive genetic effects were the same influenced by the environmental
conditions. These results are more or less in harmony with those obtained by
Abo-Kaied et al., (2007).

Estimates of GCA effects (gi) for six parental genotypes as affected
by normal and drought environments as well as the combined for straw
weight and its components are presented in Table (3). In both environments
and combined analysis P1(S.541-A/5) and P3(S.435/11/10/3) exhibited good
general combining ability effects for straw weight as well as P1 and Ps(Elona)
for both plant height and technical stem length in addition P1 for No. of basal
branches/plant. Therefore, using these parents in hybridization programs may
result in isolating desirable segregates for the above-mentioned characters.
In general Pi1(S.541-A/5) was more efficient under both environments
(drought and normal) as it had favourable genes and straw weight
improvement can be attained by it use in a breeding program at irrespective
drought conditions. The correlation coefficient (r ) between mean
performance (Table 8) of parents and their GCA values (Table 3) was
significant and positive at both environments and combined data for straw
weight and its components. These results indicated that the parents showing
higher mean performance proved to be the highest general combiners for
these traits. Therefore, high mean performance of the parents could be
transferred to crosses in such cases.

The specific combining ability effects(Sj) for straw weight and its
components under normal and drought environments and their combined
data are presented in Table (4). The results indicated that there was no cross
combination which was consistently good for all traits. Out of the 15 Fi
crosses, two crosses (PixPs and P1xPs) exhibited highly significant positive
SCA effects for straw weight/plant. Five crosses (P1xP2, P2xP3, P2xPs, P3 xPs
and P4xPe) for plant height, four crosses (PixP4, P2xP3 ,P3xPs and P4xPs) for
technical stem length and six crosses (PixPs, P2xPs3, P2xPa, P3xPa, P3 xPs
and P4xPs) for number of basal branches/plant , exhibited significant positive
SCA effects in the desirable direction under the two environments and their
combined data. In general. The cross PixP4 involved high x low general
combiners for straw weight and technical length as well as P1xPs (high x low
general combiners) for straw weight and No. of basal branches/plant. While,
the cross P2xPsinvolved low x low for plant height, technical stem length and
No. of basal branches/plant as well as P3xPs (low x low) for both plant height
and technical stem length. Therefore, these crosses (PixPs, and PixPs) are
likely to throw good segregates for these traits if the allelic genetic systems
are present in good combination and epistatic effects present in the crosses
act in the same direction to maximize the desirable characteristics. Therefore,
these crosses (PixPs and PixPs ) may prove useful for simultaneous
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improvement of the above-mentioned traits. The correlation between cross
means (Table 8) and their SCA values (Table 4) was significant and positive
indicating that high performing crosses were high specific combinations.
Therefore, the choice of promising cross combinations would be based on
SCA effects or mean performance of a cross.

Table 3. Estimates of general combining ability effects{@i) for six parental
genotypes as affected by normal (Ey) and drought (Ez) environments
and their combined data (C.) for staw weight and its combanents.

Parents |E, IE; IC. E, IE; IC.
Straw weight/plant (g} Plant height/plant {cm}

M 0879 * 0375 0627 * 3,041 | JE11* 3,326 |+
P2 0198 nz| 0125* 01e2* 0307 nsl  1.03nz| 0705 ns
P3 0258 * 0162 | D20 2231 *| -3565* | .-2928*
P4 0169 ns|  0ABD ™| 0005 ns| 0498 ns| 0047 ns| 0273 ng
P5 0072 nz| -003%ns| 0009 ns] 3944 = 3156 * 3500
P& S2ae | 0FET M| 003 5498t 4333 ™| 4825
LD 5% 0.357 0176 0197 1875 1,862 1,330
[=i-Sik)1% 0477 0.236 0.261 2643 2518 1.789

r 0.977 0.570 0.960 0.846 0.390 0.880

Technical stem length/plant (cm) = |Humber of bazal branchesiplant

M 4 670 * 2581 | 3776 * 0114 |# 0126 * 0129 |
P2 0036 ns| -0098ns[ -003|ng] -0031 ns| -0048ns| -0039ns
Pl AT 1Zmt -1.797 = 0004 ns{  -0.001 ns| 0002 ns
P4 1471 -0183)ns[ 0643 ng] 00490z 0062* 0,056 |*
P5 4037 = 2.704 | 340 -0033ns| 0041 ng|  -0037 ns
P6 SB9F | 4005 % | -B001T | 0405 % 0400 | 0103 %
LD 5% 1.235 1737 10585 0,083 0088 0061
[Si-Sik1% 1 653 2324 1.398 0113 0115 0,08

r 0.92% 0.900 0.930 0.750 0.770 0.760

nz,* ** non- significant, significant st 0.05 and 0.01 levelz of probabilty, respectively..
#P1(5.541-405), P2 (Sakha 3) |, P3 (543511 1043), P4 (Gentiana), P4 (Elona) and P& (Escaling)}
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Tl 4. Estmates ofspeciic combining abiy (§;)for 13 cosses as afected by nomal (Ey)and dhought () emvronments

and thei cambimed {C.) data fo stew weignt and ts comgonents
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1438 ns
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(1634 ng
2am
L
Aa0
0454 ng
goom
L
1075 ng
1382

REI
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08"
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0578
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1283
0

048
054

00"

042
063

0450

all
5903
0862
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0400 *
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08
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i
LYY

0%
034

(g

o4

028
034
0470 "

0130
015

040"

HM (5541-A5), P2 (Sakha 31, P3 (54351410013}, P4 (Gentiana), P4 (Elona) and PG (Escalina})
na,!* non- significant, significant at 0,05 and 001 levels of probaility, respectively..
r # Simple correlation coefficients between SAC values and means of erosses,
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1-2-Seed weight per plant and its components :
Ordinary and combining ability analysis of variance (Table 5)
showed highly significant differences existed among 21 flax genotypes (6
parents and 15 Fi’s crosses), parents and crosses for seed weight and its
components viz., No. of capsules per plant, 1000-seed weight and No. of
seeds/capsule. The results indicated that the parental genotypes and Fi
crosses showed reasonable degree of variability for these traits. Significant
differences were also noted for the component parents vs. crosses for seed
weight and 1000-seed weight at individual environments and combined
except E2 (drought environment) for seed weight. While, No. of
capsules/plant and No. of seeds/capsule were insignificant except in
combined analysis for No. of capsules/plant. Also, both mean squares due to
general (GCA) and specific(SCA) combining abilities were highly significant
for all characters in both environments and combined. In general, the
magnitude of mean squares due to GCA were greater than that due to SCA
except E2 for No. of seeds/capsule. High ratio of GCA/SCA were also
detected. These results revealed that additive played greater role than non-
additive gene effects in the inheritance of seed weight/plant and its two
important components (No. of capsules/plant and 1000-seed weight). Similar
results were reported by Shehata and Comstock (1971), Patil and Chopde
(1981) and Abo El-Zahab and Abo-Kaied (2000) and Abo-Kaied et al., (2007).
The interaction between each of genotypes, parents and crosses with
environment was significant or highly significant for seed weight and its
components except crosses x E for 1000-seed weight, revealing inconsistent
responses for these sources of variations from drought to normal
environments. Also, GCAXE mean squares were highly significant or
significant for seed weight, No. of capsules/plant and No. of seeds/capsule.
Only, SCAXE mean squares were highly significant for No. of capsules/plant.
This indicates that both additive and non-additive gene effects are influenced
by drought environment. It is fairly evident that mean squares of GCAXE/GCA
were lower than SCAXE/SCA ratios except No. of seeds/capsule, this
indicated that non-additive gene effects were much more influenced by
drought environment than additive effects for the above-mentioned traits
(seed weight and No. of capsules/plant). These results are in harmony with
those reported by Patil and Chopde (1981) and Abo El-Zahab and Abo-Kaied
(2000) and Abo-Kaied et al., (2007).
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Tahle 5. Mean squares of ordinary and combining ability analyses for seed weight and its
components in Fy generation under normal (Eq) and drought (Egz) environments
and their combined data (C.).

5.0.v df E | E | C E | E | c.
5. |C.|Seed weight/plant (g) No. of capsules/plant

Environment (E} 1 12.925 |+ F1E315

Reps/E 4 0.204 = 40412 **

Genotypes(G ) |20)|20 0.570* 0.245 ** 0746 ** 65520 ** 58293 **| 116711 **
Parents (P} a5 1160 0.451 ** 1488 % | 1158990 * G7 145 **| 157 052 **
Crosses(C.) |14(14 0,330 = 0184 |+ 0.505 = 51.530 = T4.604 **+ | 100585 **

P.us.C 11 0330 ** 0057 me 0347 % 9160 ns SBES ng 14615
GuE 20 056G ** 95913 **
PxE 5 1.410 * 130774 **
CxE 14 0.056 ** 16545 **
P vs C xE 1 0281 ** 949532
GCA ] 0BG ** 0232 % 0531 ** 55435 % | 35.550 **| 82053 *
SCA 15|15 0.032 0.031 ** 0.055 10643 % | 15.837 *| 24517 **
GCAXE 5 006G ** 9532 =
SCANE 15 0.009 ns 4 85T **
Error 40|80 0.005 0.003 0.0085 1.957 1.330 1643
GCASCA 20.750 7454 15.108 5204 1.405 3347
S.0v S. | C. [1000-seed weight {g) Mo. of seeds/capsule
Environment (E} 1 2640 = 4592
Reps! E 4 1.019 ns 0434

Genotypes(G ) |20)|20 4.580 % 4.391 ** 5.952 % 1.310)* 14170 ** 2414
Parents (P} 3|3 TATO* TEO2 % 15.068 2190 = 0732 2427+
Crosses(C.) |14|14 3.520% 3.250 % B.747 = 1.080 % 1.761 ** 2B85

Pus.C 1)1 4.920 % 4.322 9.234 > 0.170|ns 0.010 ns 0045 n=
GxE 20 5.983 % 1815 **
PxE ] 10050 = 2191 %=
CxE 14 0.018|n= o131 *
Puvs CxE 1 G166 |** 0164 n=
GCA Bl 4812 % 4575 * 04354 = 06801 = 0432+ 0565 *
SCA 13|13 0428 % 0.392 ** 0817 > 0.351 ** 0.483 * 0.734 **
GCAXE 3 0.008 |n= n1es *
SCAxE 13 0.003 n= 0080 n=
Error 40| 80 0.025 0.024 0.025 0.052 0.054 0065
GCA/SCA 11217 11.834 11 BO08 1.577 0.594 1103

ns,* * non- significant, significant st 002 and 0.01 levels of probakility, respectively.

5. Single environment . Combined over environments
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Estimates of GCA effects (gi) for seed weight and its components for
individual parents in both environments as well as combined data are
presented in Table (6). The two parents, P1(S.541-A/5) and P3(S.435/11/10/3)
showed significant positive gi effects for seed weight, No. of capsules/plant
and 1000-seed weight in both environments as well as the combined data.
Also, Ps(Gentiana) expressed significant positive gi effects for No. of basal
branches/plant in both environments as well as combined. Therefore, the two
parents (P1 and P3) could be considered as an excellent parents in breeding
programs towards releasing flax varieties characterized by high value for the
three above-mentioned traits. The simple correlation between GCA values
(Table 6) and parental means (Table 9) for seed yield/plant and all its
components were highly significant and positive in both environments as well
as combined data. These results indicated that the parents showing high
mean performance proved to be the high general combiners for these traits
under drought or normal conditions. In general, using the promising strain
541-A/5 in hybridization programs may result in isolating desirable
segregates for both straw and seed weights (producing dual purpose type of
flax).

SCA effects for seed weight/plant and its components for 15 Fi1
crosses as affected by normal (E1) and drought (Ez) environments as well as
combined data are given in Table (7). Out of the 15 F1 crosses, two crosses
(P1xPs and P2xP3) for seed weight/plant, two crosses (P1xPs and P3xP4) for
No. of capsules/plant, six crosses (PixP2, PixPs, PixPs, P2xP3, P2xP4 and
P3sxPe) for 1000-seed weight and four crosses (PixPs, P2xPs, P3xPs and
PsxPe¢) for No. of seeds per capsule exhibited significant positive SCA effects
at the two environments and combined. In general, the specific combining
ability estimates indicated that there was no cross combination which was
consistently good for all characters. Out of the previous crosses, the cross
PixPs showed high SCA effects for seed weight and its two important
components, No. of capsules and 1000-seed weight. Also, the cross P2xP3
exhibited high SCA effects for both seed weight and 1000-seed weight. The
two crosses (P1xPs and P2xP3) included low x high general combiner parents
for the previous traits. Therefore, it could be concluded that the two crosses
are suitable in breeding for increasing the above mentioned traits (seed
weight and 1000-seed weight). The simple correlation between cross means
(Table 9) and their SCA values (Table 7) was significantly positive for all traits
under the two environments and combined except E1 and combined for seed
weight/plant as well as E> for 1000-seed weight. These results, indicate that
high performing crosses were high specific combinations specially for No. of
capsules/plant and No. of seeds/capsule.
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Table b. Estimates of general cambining ability effects(di) for six parental
genatypes as affected by normal (Ey) and drought (E;) emironments

and their combined data (C.) far seed weight and its combonents,

Parents  |E, E; C. E, E;
seed weight/plant (g) Ho. of capsules/plant

M 0430% | 0240%| 0333™| 3577™| ZBA7 ™| M7
P2 QM2 0aa2 | DA A0 3NME® | 2378
P3 0262 0153*| 020*| 2838*™| 1880*%| 236
P4 044 ng| 0T ns| O03ngl 0326 ns| 0250 -0056 ng
P4 225 0098 -0162% ) 2906 % | -020n3| 1558 ™
P6 QAR AT M43 8B M | 46| 143 H
L5D &% 0.032 0.024 0033 1414 1163 0.908
(ij-=ik)1% 0123 0072 .07 1.891 1539 1.201

r 0995 *| 0980*| 0990*| 0947*| 0980* | 0980 *

1000-seed weight (g) Ho. of seedsicapsule

M 12854 1211 = 1278%| 0364*| 0385*%| D379
P2 QATa | 0AE0 | 0168 %) 0142ns| 0197 ¢ 0170
P3 0461 *| 0408*| O043*| O00Wns| 0061 ns| 0067 ng
P4 139 005 ng| 007 DMEM| 0282¢ 0234
P4 A3 0Em | 053 0256%| D086 ns| 0085 ns
P6 0800 0808 #0804 %) D38| -0029nz| 0177
L5D &% 0.161 0156 0111 0.230 0.293 0184
(3ij-=ik)1% 0.215 0.209 0147 0,308 0392 0.244

r 0.958 ** 0.9 ** 0.96*] 082" 0.92 * 0.89 *

ns,* ¥ non- significant, significant &t 0.05 and 0.01 levels of probabiity, respectively.

#P1 (5.541-405), P2 (Sakha 3) | P3 (S 43501 11013), P4 (Gentiana), P5 (lona) and P (Escalia)
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Tatle - Etimates o specic combinne sl (§;) for 18 Fy cosses as aected by normal (£ and drought (E5) emronments

and e cornbimed (C.) daa for seed weight and s combonents.

Parents

E

E

G

E

E

C

E

E

E

E,

Seed weighthlant o)

Ho. of capsulesipfant

1000-seed

weiht (o)

o, of sead)

Sicapsule

Muf?
Ml
M4
MuPd
MuPd
]
P24
]
FPe
P4
PhPd
PP
PuPs
PuPe
PéuPd

0157 g
RV
113
023
0143 g
025
0157 g
005
05
104
0%
0153 g
Rpil

0013 g
0040 s

o

Q4%
[0 s
036 *
188 *
012!

(1076 s
RN
014!

0103

0017 g
(016 g
Q04
{179 s
0017 g

0132

Rk
187 g
0275
167 #
.20 #
01

0% g
1030 ng
103 ng
.00 g
(1083 ng
(078 ng
102 g
[0 g

40 ng
£IE5 Y
1507 ng
kK-

253y
9"

188 ng
253

05T ng
Sy
002 ng
0372 ng
4E0
RE
L2318

0.2 g
4
0187 ng
4gaH
fidgs
21 g
147 ng
GEAH
454
b #
W

251

R
51080 g
R

807 g
TEE3
{535 ng

;g
Lagd
1.386 s
19351

e

1760
SpAT
124 ns

1482 g

!

S
- 526 ng

10
Q49
{8
i
(7
I
0603 *
0022 g
L0 s
Rk
03%0*

0500*
RIpI
0243 g
0020 s

10"
[5H
{3

(g7 *
[
[48#
(64
[03 g
LU ns
75
0247 ng
0472
{13 g
0184 ng
012 /ng

105

L35
15

(63 #
g3 #
1545 #
(61
0010 ng

L4t
AT

03"
045

D169 ns

IH5*
(1086 nis

019 ng
g7
0158 ng
e
{33
0206 s
D5
405
0300 ng
Dgdg
L5

I
{16828
043¢

05

0170 s
183
0043 s
15
S
0083 s
L5
91
017978
D50
RIEHI
gt
012 s
040 s
047

0184 ne
1085 *
0402 e

[an
Q79 #
{14 g
Q5

g3
(080 g

{68
Q18

il

D06 s

04!
Qe

LD gk
(G-

0243
032
0.8

0143
014
0480*

013
AT
0380

kRl
0
0657 #

3083
HE
0860

Pl
i
0380

042
0%
04

041
03
040

0272
030
0500 *

12
04
T

0773
105
090

0431
03
00

BPA(3.541-405), P2 (Sabtim 3) 3 (5 43501 1003), P4 (Gentan, P5 (Elon) and P (Escalie)}
a2 rone significar, significant ot 0.05 and Q.01 evels of prababify, respectively.
t & Shnple carelafion coetficlents hebvieen SAC values and means of crosses.
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2-Stress-susceptibility index (S):
2-1-Straw weight per plant and its components :

A stress susceptibility index (S) proposed by Fisher and Maurer
(1978) can be used as indicator for measuring drought tolerance under stress
conditions could help for isolating improved tolerant genotypes (Winter et al.,
1988). Drought reduces the ability of plants to take up elements, and this
quickly causes reductions in growth rate, along with a number of metabolic
changes identical to those caused by water stress. (Munns, 2002).

Table (8) shows mean performance of six parents and their 15 F1
crosses for straw weight and its components under normal (E1) and drought
(E2)environments as well as their combined data and the susceptibility index
(S). For straw weight/plant, out of six parental genotypes, P2 (Sakha3) and Ps
(S.435/11/10/3) were identified as high vyield potential with moderate
tolerance to drought (sandy soil conditions). Although, P1(S.541-A/5) had
high straw weight/plant but it was identified as high susceptibile. Out of 15 F1
crosses, the cross, PixP4 followed by PaxPs exhibited highest straw weight
than other crosses with moderate tolerance to drought, while the cross P2xP3
had relatively high straw weight with high susceptibility. On the other hand,
six crosses (P1xPs, P2xPs, P2xPs, P3xPa, P4xPs and PsxPs) exhibited desirable
level of both stress tolerance and straw weight. Concerning plant height, P1
and P4 (Gentiana) showed moderate tolerance to drought and high record
than other parents, while P2 and Ps (Elona) were identified as moderately
tolerant genotypes as well as moderately for plant height. However, the
cross, PixP: followed by P2xPs and P4xPs exhibited the highest plant height
with high susceptibility. On the other hand, the five crosses (PixPs3, P2xP4,
PsxPs, P3xPs and P4xPe) were identified as tolerant crosses but had low plant
height. Concerning technical stem length, Ps gave moderate technical stem
length with moderate stress tolerance. On the other hand, P1 followed by P4
had highest technical stem length but low tolerance, while Pes (Escalina) had
low technical stem length but had high tolerance. Out of 15 Fi crosses, the
cross, P2xP3 gave highest technical stem length with moderate tolerance.
Although, the two crosses, PixP4 and PixPs exhibited the highest technical
stem length but had low tolerance to drought. On the contrary, the five
crosses (PixPs3, PixPs, P2xPs, P3xPs and PsxPs) had low or moderate
technical stem length but exhibited high tolerance. Regarding No. of basal
branches/plant, P1. was high for both No. of basal branches and tolerance
followed by Pe but, it had moderate tolerance. Out of 15 Fi1 crosses, the
cross, PaxPs exhibited high value for both No. of basal branches and
tolerance to drought. Also, the cross, PixPs4 had high No. of basal
branches/plant and moderate tolerance, while the cross, Pi1xPs had high No.
of basal branches and high susceptibility. On the other hand, the two crosses,
P2xP4 and P3xPs had high tolerance but had low No. of basal branches/plant.

It can be concluded that, P2 and Ps for straw weight, P1 and P4 for
plant height, Ps for technical stem length and P: for No. of basal
branches/plant exhibited high yielding ability with tolerant to drought. Out of
15 F1 crosses, the cross, P4xPs exhibited high yield potential with moderate
tolerance to drought for each of straw weight, plant height and technical stem
length in addition the cross, P2xPs for technical stem length and No. of basal
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branches/plant. Whereas, the two crosses, PixP3 and P2xPs showed low or
moderate yield with moderate tolerance for straw weight and its two important
components, plant height and technical stem length. Also, the cross, P2xPs
stem length; Ps x Ps for all components
(plantheight, technical stem length and No. of basal branches/plant); P4xPs
for each of straw weight, technical stem length and No. of basal branches;
P2xP4 for both plant height and No. of basal branches and finally PsxPs for
both plant height and technical stem length exhibited low or moderate yield
with moderate tolerance.

for straw weight and

technical

Table 8 Wean perDrmance for strawweight 2nd s components recarded undsr nomnal and draught endranments as well a3 their combined data and
the susceptiility index (3)

genotype| £, | B |G | §| E E; C 5K E; ¢ 51E E; L |5
Parents | Straw weight/plant (g) Plant height/plant (cm) Technical stem lengthiplant (cmj - Humber of basal branches/plant
M 9598 |44 0 | 6% [qa(105ida | B2 410098 8 |gpe G250 8 | G723 4| 75078 {1 2408 |26 s (2338 4y
7 TEGc (488 b | 612h |pgr| 9062 | 7946 d| BA0¢ e |pa7) B6.27 ¢ | S4E3cd) BOSSM |pog| 130b 100 R 105k 1w
P} BT (516 & | 676 gl 750 | 7505 e | G630 {13 TIAT ¢ [ SOEY o| G385 c |qap 104 [100L [10TR W
] G52 (409 ¢ | 33 c ppoll0347 8 | 8583 | 45k 12| TREOL | G237 b 7043h |qeg) 12 ke 1020 |19k 1
3 TS0 (3000 | 38 | ap|433 e | S36T b | 5700 (1o0) 78270 | 6473 b MA0b |pag| 120k 103 0 1028 (149
PG 4578 (205 e | 346 |23 B3 | TRET e TATSM |pop| 453 | 1M ) S3Ke |y 10k 1030 |15k o
Mean |74 |38 |5W 3 (88| 4 a0 | 5940 | BATY 12 14 |14
Crosses

PIxP2 | 946 bd|4.23 de| B84 ce 71034 b 10037 & (109368 | g G200 ¢ | GE4G ce| 7425 |4 el 1.26ah | 106 ey | 1.22 1y [p gy
PIeP3 | 750 g |49 o | B4f e jggol 92930 | 815 g| BT |qgel B30 N | SBAT B 623k |qgg 125 ch (036 R (1R a7
PIxP4 | 998 ab(615 & | B80T g [11228 ah| BE44 1| Q937 cd| 1 55) 9047 & | 7025 he| 8036k |48 1200 106 ah (1130 D4
PIxPs | 836 e (557 b | T6 ke \ngo(114.53 8 | 9506 ca(10480 8 | q45) 0947 & | 7088 he| 8023 ke q4) 134 T 108 &y 1.5y |0a
PIeP6 | 930 sc|437 de| 744 bl g gl 9795y | 8425 €| S0y |qagf P57 e | 5285 | GO0 |qguf 2208h (1830 |204b |13
PAP3 110438 (441 de| 7420 {11903 a | 9007 cl(1090 08 | q45) Q047 & | 7637 & | 83424 |pagl 2130 183 0 (2030 |07
P2Pd | Q38 c|418 & | BTB o g7 [10287 of | 9360 of | 9823 ce| e[ B0 o | B33B fy| TO9ef | 45| 152 181 be | 157 od |4
PaPs | 6556|532 b | 55 cd g gqlt 098 bo| 97.29 ac|104.12 ah | 4| G258 ¢ | BB cd| P44 |qgg| 143 e (100 [ 12899 |1 a6
P2P6 | 638N |43 | SBby jgp| AR | TATO N | 8555 h | q g5l BB N | 5348 0| BASh g8 155k (138 d 146 |ng
P3Pd | 7090 489 ¢ | B (gal SBAT) | TLTRR| P20 | qqgl 62000 | 4881 | SBA00 | qq4] 203 bc 189 h | 200 be gy
P3P5 | 938|412 & | B75 g qqlt00 I fy | 8698 ef| B4021 |qag| TR0 | B402eq) M5Eef gl 200cd (11 © [18Ed |47
PhePe | 61600 346 © | 582 ¢ 20(106.03 de| 9708 e (10156 be | ggr| 7299 fy | G300 k| T0T0f | gog| 136 10 (126 ¢e | 1326 o7
P4sP5 (10088 (430 d | 729 ke g 7[10812 cd | 9823 ab {10317 ab | ggp| 9607 b | 8376 ke| 7700 ef | 45| 2338 (2108 |23 |4
P4sPh | 6740 (418 & | 546 joaolf0230f | G989 & | 96201 a4l ™Mby | 3304 h| 6520 |ggg| 140 ey (107 ¢h [ 12413 13
PoxP6 | B30 h (426 de| 559 g [10037 ef | TOR2 | M43y 55| TG ef | 728 h|BR53g |4 sl 1A Ty 120 6f (1S |pag
|Mean 8 (459 |68 10440 | 8680 | 9036 o4 | 6389 | G660 166 |14 |14

Means irentfied by the same letter are nat sionificartly different =t 005 level of probabily according ta FLED.,
P (5.541-A05), P2 (akha 3) P35 4350 11003), P4 (Gentians), P (Blana) anc PF (Excalina) .
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2-2-Seed weight per plant and its components:

Mean performance for seed weight and its components recorded
under normal and drought environments as well as their combined data and
the susceptibility index (S) are shown in Table (9). S values for seed
weight/plant, P3(S.435/11/10/3) was identified as moderately stress tolerant
genotype in addition to high mean performance. Although, P1(S.541-A/5) had
high seed weight/plant but it possessed high susceptibility. On the other
hand, P4(Gentiana) and Ps(Elona) showed moderate tolerance to drought
with low or moderate seed weight. Out of 15 F1 crosses, four crosses (P1xPa,
P1xPs, P1xPs and P3xP4) was showed moderate tolerance to drought as well
as superiority for seed weight compared with other crosses. However the
cross PixP2 revealed high seed weight with high susceptibility. Although, the
three crosses, P2xPs, P3xPs and PsxPs had low or moderate seed
weight/plant but showed moderate tolerance to drought. Regarding No. of
capsules/plant, Pz revealed high capsules/plant with moderate stress
tolerance, while P1 showed high susceptibility with high of capsules/plant.
While, P4 and Ps had low No. of capsules/plant (undesirable trait) with
tolerance to drought. Out of 15 F1 crosses, the three crosses, PixPs, P1xPs
and PsxP4 were identified high yielding potential as well as tolerant to
drought. While, the four crosses, PixP4 P2xPs, P3xPs and PsxPs possessed
low or moderate No. of capsules/plant with stress tolerant. Concerning 1000-
seed weight, P1 and Ps exhibited moderate stress tolerance with high 1000-
seed weight than other parents. While, P4 was low of 1000-seed weight with
stress tolerance. Out of 15 F1 crosses, the two crosses, PixP2 and PixPs had
the highest 1000-seed weight than other crosses with stress tolerance.
However, six crosses (PixPa4, P2xPa, P2xPs, P3xPs, PsxPs and PsxPe) had
moderate 1000-seed weight with stress tolerance. For No. of seeds/capsule,
P> showed high tolerance to drought as well as high No. of seeds/capsule,
while P4 was identified as high or moderate stress tolerant genotype as well
as had high No. of seeds/capsule. Out of 15 Fi1 crosses, three crosses
(P1xPs, P3xPs and P4xPs) showed high tolerance to drought and also had high
No. of seeds/capsule. While, the cross, P2xPs had high No. of seeds/capsule
and high susceptibility. On the other hand, six crosses (P1xP2, PixPs, P2xPs,
P2xP4, P3xP4and P4xPs) were identified as moderate tolerants to drought and
had moderate No. of seeds/capsule.

In general, Ps exhibited high yielding potential and moderate
tolerance to drought for seed weight and its two important components, No.
of capsules and 1000-seed weight in addition P1 for 1000-seed weight as well
as P2 for No. of seeds/capsule. While P1 was high susceptible (undesirable
trait) with high yielding potential for seed weight and No. of capsules/plant, P4
and Ps had low or moderate seed weight and No. of capsules/plant with
stress tolerance to drought. Out of 15 Fi crosses, one cross (PixPs) only
exhibited high vyielding potential and stress tolerance for all studied
characters. Also this cross (P1xPs) showed high SCA effects for seed weight
and its two important components, No. of capsules and 1000-seed weight.
Therefore, the cross, Pix Ps is more efficient under drought and normal
environments as it possesses favourable genes and yield improvement can
be attained by its use in a breeding program at irrespective conditions.
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However, two crosses (PixPs and PsxP4) for both seed weight and No. of
capsules/plant; two crosses (P2xPs and PsxPeg) for each of seed weight, No. of
capsules/plant and 1000-seed weight and three crosses (PixPs, PsxPes and
P4xPs) for No. of seeds/capsule exhibited high or moderate yield with stress
tolerance to drought. It could be concluded that the previous crosses are
suitable in breeding for increasing the above mentioned traits at irrespective
conditions.

Talle 9 Mean performance for seed weight and its components recorded under normal and drought enviranments a3 wel a3 their combined data and
the susceptibiliy index [3)

genotype | E, E; C 51K E; C 5 E; G 51K E; C. §
Parents | Seed weight/plant (g) Ho. of capsules/plant 1000-seed weight (g) Ho. of seeds/capsule

M 220808 1238 | 1768 19| 528 | 2080 a| 7% (108 B4a | 82 a) 8338 |gpa| 7E5d |70 | T4Ble |ope
P2 100 (043 d [ 072 |136] 2283 cd| 945 | 1559900 (156 533 | 507 d| 5204 [qq7{8300c [BiGh |8Hb 07
P 19k (1248 [ 1600 (ogp| M5k [ 275 a| 6458 (qg7e| 7530 | 723 b| T38h ol 637 c (7870 | 812 j1ap
P4 1300|0880 | 109¢ |o7e| 2065d (1586 b (1886 he|g7p BE2c | 642 c) 652c || 9108 |874a |832a |on3
2] 089|055 ¢ [072d |noof 1891 e | 1458 be| 1680¢C (qgp| 521d | 487 d| S04d 126 6990 |77 b |835h |2g3
Pb 0758 [033d | 05T e |113| 2440cd {1297 ¢ {1889 (12| 426 | 402 &) 4Me |13 683c |677 ¢ |6A0Md |o1g
Mean (137 |01 | 108 Bl | 1580 | 2005 6.2 | 5% | 60 g4 |16 | 788
Crogses

MyP2 [ 1558 (105 bo| 1508 (10g 2683 c [ 1561 cd| 20.22d |qqp| 8818 | 856 a| S70a |pgo| 527 fg |70 ef | 80719 (n@3
PMyP3 [ 185ah 081 F | 1.35¢ [130) 666 [ 115 f 19 e (g0 73| TE3be| T3he|qq5| BATL (G54 ab | 883 &k (no7
MyPd 173 hd| 109 b | 147 beingg| 762 | 1930 b | 2347 |opg) A | 723 d) TA0d oo B30ef |TH ef | B0G W 115
MeP5 1938 (12908 | 1674 |7 032b | 2355 & | 2694 b |pga) BO3b | TP b 7B |pgs| 700 {683 |BHTP |o7s
MyP6 [ 174 be| 108 bo| 141 belpgr| 078 b | 2397 & | 2738 ab|ggs| TM9be) 7T28cd) THcd|qg| 7R |6 h | BTS) |27
P2P3 | 150a | 099 cd| 145 be |y q0| 3050 b | 1483 ce| 2267 cd|q35 756 | TA3d| T4 |q30f B30df |807 de | 8.19)dy |oss
PaxP4 | 14Gef | 080 | 104 de|ypg| 2625 c (1535 ce| 2079 de( 1o B9 | 676 e| G657e |gzof BAOfy |TTZE | THgh|om
PaPS | 1090 (0470 (078 [ap| 19090 | 913 g 1406y (138 S99et| SE9 h| SB4h {114 9498 (9008 |925a 1o
P2P6 | 1000gh 063 9 |082f |ogg| 2258d (1579 cd| 1949 e g7al 533 | &M 0| 520 |podf 841 cf | 790 ef | 815y 119
PIxP4 | 1EGcd| 1120 | 139 be|o7s| 34028 | 457 a| 28304 (73 BATe | S99 | 6080 |ger 755 |TEZE | TiBh|om?
P3PS [ 148 ef | 092 de| 120 |ngy| 2623)c | 2042 b | 8332c 5| B96d | B30 | 6T3ef|qz|810fy {6359 |TSIh |28
PIPE [ 1500k 083 f 120 d [1po) 72200 [ 1412 de| 2067 e g 07| BN | 636 f| BASA |qo0| BEIbe {463 ac | BEG ke (n14
PgP5 (1381 |07 F {106 e [l 27700 | 1610 ¢ | 2180cd|1q0] 980 | SB4 R STZh |pga] B60 ke |B20 ce | B40cf o
PwP6 [ 174|043 hi | 082F |13 2262 | 900 f | 1581 fo|q5a) 388 | 538 h| 373h |q143) 661 ke {855 bd | 838 bc (014
PxPE [ 03000 (057 on| 0741 (nge| 19608 (1370 e| 1665 F |q7ol 92609 | G068 0| 5160 |po|B.79bc {826 ce | 853 ke 119
Mean [152 |0.86 |149 %54 | 1647 | 2040 685 | 655 | 6.3 B2 |70 | 754

Mesns idertified by the same letter are not significantly different at 0.05 level of probabiity according to FLED.
P1(5.541-A05) P2 (Sakha 3), P25 4351 11053), P4 (Gentiana), P4 (Elona) and PE (Escalina) .
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