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ABSTRACT

The present investigation was conducted using six flax genotypes with their 15
crosses in Fz and F3 generations grown under normal salinity {Etay El-Baroud Exp.
Station, El-Beheira Governorate) and stress salinity soil conditions (Tag El-Ezz Exp.
Station, El Dakahlia Governorates) to determine salinity tolerance and combining
ability in these entries (parents and their crosses). in two seasons, 2005/06 and
2006/07, the six parents (Pi= S$.413/3/3/1, Px= S.400/4/4/2, P3= S.4021, Py =
$.421/6/4/5, Ps = Gentiana and Ps= Daniela) and their 15 progenies were evaluated in
a randomized complete block design with three replications at the two above-
mentioned locations.

The collected data indicated that additive effects were more important than
non-additive effects for straw weight and its two important components (plant height
and technical stem length) as well as for seed weight and its all components under the
two environments in both generations. While, both non-additive and additive genetic
effects play an important role in the inheritance of No. of basal branches per plant.
The interaction of general (GCA) and specific (SCA) combining ability with
environments indicated that both additive and non-additive genetic effects are
influenced by environments. However, additive genetic effects were more influenced
by environmental fluctuation than non-additive effects for straw weight per plant and
its two important components. Py and Ps showed high GCA effects for straw weight
and its two important components in most cases. However, Py and P3 showed high
GCA effects for seed weight and its two important components (No. of capsules and
1000-seed weight). While, P; proved to be high general combiner for 1000-seed
weight only. SCA effects indicated that the two crosses, P3xPs and PsxPg gave high
SCA effects for straw weight, plant height and technical stem length, these crosses
resulted from crossing between parents which one parent at least have high GCA
effects for these traits. PixP, for seed weight per plant and P1xPs for 1000-seed
weight included high x low general combiner parents.

Concerning salinity tolerance, Ps exhibited high yielding potential and-low
susceptibility .0 saline environments for straw weight and its two important
components. Also, the cross PaxPs showed high means for straw weight and its
components, 50 it could be identified as low susceptible to salinity stress in both
generations. The cross PsxPs gave high yield potentiality and low susceptibility for
straw weight and its two important components in F3 only. The results indicated that
tolerant parents could produce tolerant hybrids. Hence the two crosses, PyxPs and
PsxPs may be useful as potential breeding material for developing genotypes tolerant
to soil salinity for straw weight and its components. Py exhibited low or moderate
susceptibility for seed weight and its two important components. However, Ps and Ps
could be identified as high tolerant to salinity for No. of seeds per capsule. The two
crosses PixP2 and P2xPs exhibited high or moderate tolerance for seed weight and its
components. While, the cross PsxPs exhibited high tolerance of salinity for both seed
weight and No. of seeds per capsule.
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INTRODUCTION

Cne of the earliest plants used in the manufacture of dothing is flax
(Linum usitatissimum L.). Flax plant had been known since the dawn of
civilization where it was cultivated as a crop for food and fiber. In Egypt, flax
is one of the important oil and fiber crops {cuitivated for two purposes). Flax
has always had industrial uses; recently .its uses have been widened to
include a range of new products such as cigarette papers, car door panels
and compressed boards. But more and more, flax is carving a niche as a
health food. Alpha - linclenic acid {(an omega-3 fatty acid found in flax} is
essential for the human diet. It can reduce heart disease and lower
cholesterol level,

Information on the relative importance of generai (GCA)} and specific
(SCA) combining abilities is essential for flax breeder. Generally, GCA is
associated with additive genes, while SCA is atiributed primarily to non-
additive (dominance and epistasis). It is very useful that the breeder should
evaluate the potentialities of the available germplasm for new recombinations
and eventually combining ability have proved to be of considerable use in
crop plants. Information about combining abiliity and type of gene action for
traits under saline conditions are necessary for flax breeder to design an
appropriate breeding program for improving salinity tolerance. Published work
on the combining ability and type of gene action of flax traits under salinity-
stress conditions is generally lacking. On the other hand, many studies
investigated combining ability in flax under normal conditions, ie. Shehata
and Comstock {1971), Foster ef al., (1998), Patil and Chopde (1981), Patil, et
al., (1997), Abo El-Zahab and Abo-Kaied (2000), Abo-Kaied (2002) and Abo-
Kaied (2006).

A stress susceptibility index (S) proposed by Fisher and Maurer
{1978) can be used as indicator for measuring salinity tolerance under stress
conditions an could help for isolating improved tolerant genotypes (Winter et
al., 1988).

The present study aimed 1) to estimate combining ability of 21 flax
entries { 6 parents and their 15 crosses in F, and F; generations) uinder both
saline and normal conditions, 2} to evaluate the influence of salinity stress on
yield and yield components of these parents and their crosses and 3) to
identify the best parents and crosses which could be recommended for
breeding salinity tolerant flax lines.

MATERIALS AND METHODS

In an earlier study {Zahana,2006) fifteen hybrids derived from crossing
six parental genotypes of flax, using a half diallel mating system, were utilized
to estimate, combining ability and type of gene acfion in F; generation. The
genotypes used included; four promising strains ie., $.413/3/3/1 (dual
purpose), S.400/4/4/2, (ol type), S.402/1 {dua! purpose) and S.421/6/4/5
{dual purpose) as well as two introductions ie., Gentiana (oil type) and
Danieia (fiber type).
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In the first season (2005/06), the F, seed bulks of the 15 diallel
crosses were used o evaluate its F; progenies with the six parents at two
locations viz: Etay El-Baroud Exp.Station, El-Beheira Governorate (clay,
organic matter of 3.5%, available nitrogen 42.12 ppm, E.C. 1.91 and pH =
8.05) and Tag El-Ezz Exp.Station, E! Dakahlia Governorates (clay, organic
matter of 0.91%, available nitrogen 71.40 ppm, E.C. 11.3 and pH = 7.31).

In the second season (2006/07), the F, seed bulks of the 15 diallel
crosses were used to evaluate the F, generations with the six parents at the
previous experiment stations,

Each of the two experiments were 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 crosses) and each enltry
was sown in one plot. Each plot consisted of three rows. Rows were 3 m
long, spaced 20 cm apart. Single seeds were hand drilled at 5§ cm spacing
within rows. The normal cuitural practices usually recommended for flax
cultivation were applied at the proper time in both generations. Observations
and measurements were recorded for each plot {parent or cross) on 20
guarded plants chosen at random from each plot for the following
characteristics;

1- Straw weight per plant and its components:

{1)Straw weight/plant {g), (2) Plant height (cm), (3) Technical stem length
{cm) and (4) No. of basal branches.

2- Seed weight per plant and its components:

(1) Seed weight/plant (g). (2} No. of capsules/plant, (3} 1000-seed weight
{gm), and (4) No. of seeds/capsule.

Statistical manipulation of the data:

Plot means were used for statistical analysis. Data from each macro
environment {combination of year and location) 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 ability analysis:

Combining abilities, general (GCA) and specific (SCA) were
calcutated 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- (mearn YS of all genotypes / mean YN of all genotypes).
The "S" was used to characterize the relative salinity stress tolerance of the
various genotypes, where S<{0.50 is indicated highly stress tolerant
genotypes, $>0.50<1.00 designated moderately stress tolerant and $>1.00
referred to susceptible genotypes.
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RESULTS AND DISCUSSION

1-Combining ability:
1-1-Straw weight per plant and its components :

Results presented in Table (1)} show that mean square estimates of
ordinary and combining ability analysis for straw weight and its components
(plant height, technical stem length and No. of basal branches/plant)
recorded in F; and F, generations under normal (E;= Etay El-Baroud) and
saline {E;=Tag El-Ezz) environments and their combined data. Differences
between the two environments were found to be highly significant for all
studied traits. Also differences among genotypes, parents and crosses were
highly significant for all traits at both environments and their combined
analysis except parents in F; and F; at E; as well as crosses for No. of basal
branches in Fy at E, were not significant. This indicated that, under each
environment, variability was existed among such populations and increase
the chance of isolating good new recombinations in the following generations.
Such result was confirmed by the genetic diversity between the parental
genotypes and their crosses which clearly shown in Table (7). Mean squares
due to general (GCA) and specific (SCA) combining ability were highly
significant (or significant) for straw weight and its components in both
generations (F; and F3;) under normal and salinty environments with
exception No. of basal branches in F; and F, at E; was not significant. These
results indicate that both additive and non-additive genetic effects were
involved in the inheritance of straw weight and its components. However, 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 iwo
environments in both generations and combined. While, the non-additive and
additive genetic effects play an important role in the inheritance of No. of
basal branches/plant. Therefore, the magnitude of additive genetic effects,
must be of considerable value for each character. Consequently, effective
selection could be possible within these F, and subsequent populations for
straw weight/plant, plant height and technical stem length. Similar results
were reported by Abo El-Zahab and Abo-Kaied (2000} and Abo-Kaied (2002).

The interaction between each of genotypes, parents, crosses and
parent vs. crosses with environment was highly significant for all traits
recorded, revealing inconsistent responses for these sources of variations
from saline to normal conditions. The interaction mean squares of GCA with
environments {E) were highly significant (or significant) in both generations
for all characters with the exception of straw weight in F5 and No. of basal
branches per plant in F; only. Also, SCA x E mean squares were significant
in most traits except plant height in F; and technical stem length in F,
crosses. Hence, both additive and non-additive genetic effects are influenced
by environments. However, the addifive genetic effects were more influenced
by environment than non-additive effects for straw weight/plant and its
important components (plant height and technical stem length). These resuits
are in agreement with reported by Patil and Chopde (1981) and Patil, et al,
(1997).
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Table I Mean square of oudinary and combining abidy analyses for siraw weight and s companents Iy and F generdtions under
nomnal £4) and saline (Ex) emaronments and their combimed data (]
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Estimates of GCA effects (g;) for six parents as affected by normal and
saline environments and their combined data are presented in Table (2). Pq
{Daniela) and P; ($.402/1) were found to be high general combiners for straw
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weight and its two important components (plant height and technical stem
length} at individual environments and combined in both generations except
P; in Fy only. Using such parents in hybridization programs may result in
isolating desirable sergeants for the above-mentioned traits. However, P,
{S.400/4/4/2) showed high g; effect in saline environment and combined data
only for No. of basal branches/plant. The correlation coefficient (r) between
mean performance (Table 7) of parents and their GCA values (Table 2) was
significantly positive at both environments and combined for straw weight,
plant height and technical stem length, indicating that the superiority of a
parent in cross combinations could be directly predicted its per se
performance. in general, Ps and P; were more efficient under both
environments (normal and saline) as they possess favourable genes and
yield improvement can be attained by their use in a breeding program at
irrespective salinity conditions.

SCA effects (S;) for straw weight and its components in F; and F;
crosses under both environments and their combined data are given in Table
(3). The data indicated that there was no c¢ross combination which was
consistently good for all the straw weight per plant and its components. Out of
the 15 F; and F; crosses, only one cross (PsxPg) exhibited significant positive
SCA effects for straw weight, plant height and technical stem length, as well
as P3xPg indicated high SCA effect for the same traits except straw weight in
F; only. For No. of basal branches/plant, cne cross (P.,xP,) showed
significant positive SCA effects in F; and F3 crosses under individual
environment and combined. However, P;xPs and P,xPg crosses showed
significant positive SCA effects at normal environment and combined in both
generations. It could concluded that, the two crosses (PaxPs and PsxPg)
resulted from crossing between parents which one parent at least have high
GCA effects for straw weight, plant height and technical stem length.
Therefore, these crosses (PsxPg and P3xPg) may prove useful for
simultaneous improvement of these traits. The simple correlation (r) between
cross means and their SCA values was significant and positive for all
characters, indicating that high performing crosses were high specific
combinaticns. Therefcre, the choice of promising cross combination could be
based on SCA effects or high mean performance in this case.

1-2-Seed weight per plant and its components :

Analysis of variance showed that mean squares due to genotypes,
parents and crosses were highly significant for seed weight and its
components viz.,, No, of capsules per plant, 1000-seed weight and No. of
seeds per capsule for individual environments and combined data (Table 4).
These results indicated that the parental genctypes and their F; and F;
crosses showed reasonable degree of variability for these traits. Also, both
mean squares due to GCA and SCA were highly significant for all characters.
High ratio of GCA/SCA were also detected. These results revealed that the
inheritance of these characters were mainly controlled by additive genetic
effects of genes. Similar results were reported by Shehata and Comstock
{1971), Patil and Chopde (1981) and Abo El-Zahab and Abo-Kaied (2000).
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Table 2. Estimates of general combining ability effects(g) for six parental
genotypes as affected by normal (E,) and saline {E;) environments
and their combined data {C.) for staw weight and its combonents.

F; F3
Pacents E, | E, | C. E, | E, | C.
Straw weight.plant (g)
P1 -0038 ns| 0002 ng| -0.018 ns| -0.163 ns| -0.308 ** | .0.235
P2 -0050 nsf -0176 ns| -0.113 ns| -0.418 ** | .0.391 ** | -0.405 *
P3 0.180 ns) .0.508 ** | -0.164 ns] 0505 **| 0406 ** ] 0456 =
P4 0347 *» | 0208 ns| 0.089 nsf -0534 * | 0400 ** | -0467 =
P5 <0639 *= | 0236 ns| -0.232 * 0157 ns| 0.009 nsf 0.083 ns
13 0.261 * 0654 ** | 0457 ] D453 " | 0664 | 0568 »
LSD 5% 0.342 0.443 0277 0.3M1 0186 0205
(Si-Sik1% 0457 0.593 0.367 0.497 0.248 0272
r 0985 * | 0.940 * | 0.94¢ * 0.942 ** | 0,910 ** [ 0.940 *
' Plant height/plant (em)
P1 -2285 *= | .3554 ** | .2925 = | 2064 ns| 3425 -2745
P2 -2.097 * | 0796 ns| -1.447 *| -0.074 ns| 3388 * [ .1.731 =
P3 9523 2| B6712*] 8118 * 4156 ** | 5693 ** | 4924 =
P4 -6.255 ** | .0.898 ns| -3577 *§ 3367 *| .1.036 ng| -2.201 "
P5 -6.053 " | 4477 {5268 ** | -4.052 * | 3465 * | -3.758 ™
PE 7A73 ** 3.023 * | 5098 **| 5401 ** 5621 ** | 5511 =
LSD 5% 2.238 1.806 1.423 3.240 2032 1882
(Sij-Sik 1% 2.954 2416 1.885 4.335 2719 2.508
r 0,945 ** 0.860 ** egm A ESSO e LBSII * 1 0.900 *
Technical stem length/plant {cm)
P1 «1.635 = | 3179 * | 2407 *| -0.985 ns| -2.279 * | -1.632 *~
P2 2771 = | L2398 ** | 2585 *=] .1532* -3.537 | -2535 =
Pl 6.885 ** 681t ** | 6848 *| 3420 ™ 6.290 ** | 4855 =
P4 -4 847 | 1275 13061 **f -3.481 %) (2542 ¢ | 3011 A
Ps -4.039 | 5089 ** 1 -4564 *] -3207 **| -4.1B6 " | -3.6686 *
P& 6.408 5129 ** | 57E9 *| 5785 * 5,234 ** | 65.009
LSD 5% 1.718 1973 1.264 2191 1.762 1.391
(Sij-Siky1% 2296 2640 1.715 293 2.357 1.843
r 0.934 ** | 0.930 **| 0.830 **] 0.943 ** 0.900 ** | 0.930 *
‘=_ E— — HE————
Humber of bagal branches/plant
P1 -0.067 ns| -0.033 ns| -0.050 ns| -0.048 ns{ 0013 ns| -0.030 n
P2 0050 ns| 0142 *| 0036 **| 0017 ns| 0437 **| 0077 ™
P3 0017 ns] 0017 ns| 0000 ns| -0.004 ns| 0.041 ns| 0.018 ns
P4 0.042 ns| -0008 ns{ 0.017 ns| 0.047 ns| -0.026 ns| Q.01 ng
P5 00350 ns| -0.083 * | -0.017 ns{ 0041 ns{ -0.093 ** | -0.026 nsi
P& -0.058 ns{ -0.033 ns| -0.046 ns] -0.054 ns{ -0.047 ns| -0.050 *
LSD 5% 0122 0113 0083 61140 D.098 0073
(Sil-Sik)1% 0.164 0153 0110 0.147 013 0.096
r 0.702 0.920 * | 0.850 * 11.7'4._:!r 0.950 ** | 0.750 *
Ig,* ** nan- signiticant, significant at 0.05 and 0.01 levels of probability, respectively

# (P1=S.8013M380, P2= $ 400/4/412, P3= S 4021, P4 = 5.421/8/4/5, PS5 = Gertiana and PE= Danieia)
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Table 3: Estimales of specific combining abilty (&) for 15 F and F crosses as aficted by nomal (E,) and saline (E5) envioaments

and their combined (C 1 data for staw weight and s combonents
b

b 3 A
pwes | E ] BT ¢ [ EL] B CJ ET BT €| EL 6L C
: !
PleF? 43 | 0108 ns] 0578 ] 0365 ne] -1 204 1] 0459 0] 3588 s _
Pt 0196 ne{ 0502 { 0953 sl 4280 * | 1021 ns] - 3084 ng] - 250
a4 D039 0| 0167 ns! 0064 n] 45571 |70 % 5128 { 0.421 ned 2813 ns] 116
Pabs 0484 ns{ 0188 o) 0138 ns] 2514 ne{ 10044 # | G828 =] 0463 ng 053
% A2ns) 0597 0243 ne] 3019 0s] 4420 | 37 =] 1707 ng] 096 | 032
Php} D135 6] 034 ¢ | 0290 54102 | 1867 ns| 1772 ne) 0967 ns) 0748 n] 0140
P4 0417 ne] D173 012n) 3104 ns| 123632 | 4809 | 4672 ns] S507 | Desp
0100 ns{ 0729 ) 930 ns] 3080 rs| 53092 | 8| 1771 ns] 1745 ns] 178
QN0 | 0037 rs) 3% ne| 0260 0] 6142 | 3200+ [ 0230 nel 2278 e 100
PP 0000 ns{ 0183 rs| 0092 ts{ 180t ns] 1092 ns| 0295 el 1295 n] 1,454 1 D08
Pk 27570 | 0021 ns{ 0358 re{ -2494 rs| 3801 * | 0853 ved 2597 ngl 288 1s] 23
0510 | 03 ¢ 088 n] swee | 35 || a7t | sryn] 55
yPs D508 ng] 037 ¢ ).0442 | 2388 ns| 5123 n) 1,367 s 1040 | 0050 mel 0585
pich; 180 ] 0206 ns) 0638 rs) 0086 ns| 3918 ns{ 1523 | 2718 ] 1577 ns] 1 546 ] -1 561
Pkt | om0t 073] ame| 00l ogne| rs0 ] raghn | TeRe) T4tz [15% %) gam
LSOSN | 0304 | 1172 | 016 [0SR | 04 | 09 | 590 | 477 | 345 | a5 | 537 | 46%
SR | 128 | 158 | 088 | 135 o5y D ose | sy |exm [esw |mam 7w lsie
aste] o=l g | 555t | 07| o0 | ogrs =] o710+ asmp=
28008 325 08] 0121 rs[ 2060 ns] 0021 o] 0245 ns] 0003 rs] 0024
378 | 5| 4 0188 ns| 0112 ns| 0150 ns| 0153 ns 023 | Q4
sz | 3g60 b aaa=] 0988 ns) 2201 ns) 0542 5] 053 ] 0196 ns| 0067 o] 0002 re] 0201 * | 4196
1902 ns| 2583 0 0255* { 0M450s] 0200 | 0211 ¢ | 013ang] 042
118 ns| 376" - 020 | 0095 ns) 0263+ | 026 | 0087 r Q166
199 ns| 19028, 212 9263* | 0195 ¢ | 0042 rsl 0150 nsl 006
0757 rg) 02 ng 03 | 02| 02 =) 02 | 02| 023
4% | 037 G005 ns) 0170 ns| 0087 5| D02 ns| 0117 ns| 0048
05% ns| 050 n 0 020 | 0487 2e{ 0097 ] 1% ns| 0104 ns] D011

43208 147208 2 D37 %[ 015¢ ne{ 0117 ngl 0312 | 0113 nst 0100

0022 ns) 4.720 ng) D349 ne| 3862 ns{ 04% rsl 2059 ns| 0005 05| 0229 % | 0117 ngy 002 ns] 0145 ns| 0083

4192 | G419 | 4B0S ] 5300 52| 527 ] 0087 ns} 0479 ms{ 0046 ns| 0.008 | 0167 ns| 007

1957 ns[ 0411 ns| 0788 ned 0377 ns| 3225 ngy -1 80 ng{ 0420 ns} -0.080 ns] 5900 nsf 0.0 nef 00N ns! D028

40062 | T4I6 =] S150 ) 0512 ns 258 n{ 1515 sl 0055 ns| 0.070 ns| 0.083 sl 0429 sl 0067 ngl 031

B20 %) BOBS ™) BAS4 ™| S8 {1102 8475 | 0154 ns| 0488 ng| 0471 * | 0163 rs] 0133 el D145
4540 | ST V3D § 5786 ) 4GB0 | 3407 |03 | 034 02 [020 [ 0% [ 017

6074 | 686 (4200 17755 (626 (4515 10433 0405 |69 [ 038 | 038 |03

i 0333+ 00 [ 0550 ] 060" 0760~ OMO™| 053 | D90h | 0810 | 042 ={ 0850 oH0*
F{P1=SH 3R, Pl SAONGAT, P3= S 502 i = S 21648, PS = Gentiana and P= Dinicl) —
! * non- sigrificant, significant et 0.0 and 0.1 levels of protishily, respectively.

& Sirghe comelation coefficients befwean SAC valies snd mesns of Grosses.
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Table 4. Mean sguare of cedinary and combining abiity analyses for seed weight and s components in Fy and Fy. generalions under
nomnal (E:) and saie {E:) environmanis axd thee combined data (C)

E k k; k
50V o | 6] 6] ¢ Bl Bl ¢l el E] C]&E]lEB] G
Is. /¢ Seed weightplant g Number of capsule/plaat
Enionment @) | |1 §15= e 1515 16497 #
Reps/£ ' 0t o3 B 0y
Geotypes(G) [M120] 0%5% 054%| O8] 03=] 04| 081 #1090 =[tM16 | 10237 | A HRM#| 1R04®
PweatsP) [ 55| 070%] 02| o8] 082%] OUTu| Qg [1065H W MBST | BASH® | BBEN| M3 | 180"
Crosses(C) [14110] 050%| 0550} 0Mf 03] QM| 085 [108R1R12 e 10D | WU =NSH 4| 157K
PasC 101] Of2ns) 187*] 052%| 06ng 167%| 063 [ MISnguEse ] 12075 | BX g | 2079
Grf ]| 03 052" nEe My
Pa § 0 35 119 00 =
Cik 1% 020 B3 Ba- .l 4
PesCif 1 e il e 1367
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_ The interaction between each of genotypes, parents and crosses with
environment was highly significant for seed weight and its components in
both generations, revealing inconsistent responses for these sources of
variations from saline to normal environments. GCA x E mean squares were
highly significant {(or significant} for seed weight and No. of capsules/piant in
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both generations. But GCA x E mean squares were not significant for 1000-
seed weight and No. of seeds/capsule in both generations. On the other
hand, variances due to SCA x E mean squares were significant for seed
weight and its components in both generations except for No. of
capsules/plant in F3 only. This indicates that, both additive and non-additive
genetic effects are influenced by environmental fluctuation for the previous
characters, which were showed significant with environments. Also,
significant GCA x E interaction means that selection in the succeeding
generations must be practiced under the aimed environments. These results
are in agreement with those reported by Patil and Chopde (1981) and Abo EI-
Zahab and Abo-Kaied (2000).

The estimates of GCA effects (g;) for six parent as affected by normal
(E.) and saline (E;) environments and their combined data for seed
weight/plant and its components are shown in Table {5}. P; (S.413/3/3/1} and
P; {8.402/1) showed significant positive GCA effects for seed weight and its
two important components (No. of capsules and 1000-seed weight) at both
environments and combined data. Therefore, these parents (P, and Pj)
could be used in single cross combination to produce progeny having good
levels of seed weight suitable to normal or saline conditions. While, P,
{5.400/4/4/2) was high general combiner for 1000-seed weight oniy.
However, Ps (Gentiana) and Pg (Daniela) were high general combiners for
No. of basal branches/plant at individual environments and combined. The
simple ccrrelation (r) between GCA values and parental means for seed
weight/plant and all its components were significant except for No. of
capsules/plant in Ey; and combined at F,. These results indicated that the
parents showing higher mean performance proved to be the highest general
combiners for these traits under normal or saline conditions.

Specific combining ability effects (S;) for seed weight and its
components in F; and F; crosses under both normal and saline environments
and their combined data are given in Table (6). In general, the specific
combining ability estimates indicated that there was no cross combination
which was consistently good for all characters. Out of the 15 F; and F,
crosses, two crosses (P;xP; and P.xP,) showed significant positive SCA
effects for seed yield/plant under twe environments and combined data as
well as, PyxPs gave positive significant SCA effects for saline environment
and combined analysis in both generations. Oniy one cross (P,=xP;) for No. of
capsules/plant, four crosses (P;xP;, PyxPs, P2xPs and P:xPg} for 1000-seed
weight and one cross(P,;xP;) for No. of seeds/capsule exhibited significant
positve SCA effects under two environments and combined in both
generations.

It could be noticed that, one cross ( PyxP,) for seed weight/plant and
one cross, (PyxPg) for 1000-seed waight included high x low general
combiner parents. On the other hand, one cross (P.xP,) for seed weight/plant
and No. of seeds/capsule included low x low general combiner parents. In
such case (high x low combiners}, desirable transgressive segregates might
be expected in the subsequent generations if the additive genetic system was
present in the good combiner and the complementary epistatic effects acted
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in the same direction to maximize seed weight/piant. These results are more
or less in harmony with those previously obtained in F, generation
(Zahana,2006). The simple correlation {r) between cross means and their
SCA values was significant and positive for all traits under the two
environments and combined in both generations, indicating that high
performing crosses were high specific combinations for seed yield and its
components. '

Table 5. Estimates of general combining ability effects(§) for six parental
genotypes as affected by normal (E¢) and saline (E2) environments
and their combined data (C.) for seed weight and its combonents.

- Fg ] Fg
Parents E, | E | C. £, | E, | C.
Seed weight/plant (g)
| G 0132 * 0136~ | 0134 * 0102+ | 0074* | 0088 ™=
P2 0050 ns| 0123 * [ 0087 ng| O00E3 ns{ 0OOB4 * [ 0O7T4 *
P3 0208 ** | 0267 *~| 0237 **| DA7S *=| 0267 *»| 0221 =
Pa 0.214 ** ! .0.084 ns| 0085 ns| 0167 * | -0.066 ns{ D.051 ns
P5 -0.283 * | -0.197 * | -0.240 ng| -0238 = | 0158 | D197 =
PG -0.318 ** | -0.244 * [ 0281 *{ -0268 *{ .0202 ** | _-0.236 **
LSD 5% 0.200 0.165 0.372 0153 0127 0.098
(Sij-Sik)1% 0.267 0.221 0.493 0.205 0170 0.130
r 0.775 * 9,970 =~ | 0.890 ] 0.796 * 0.960 *= | 0.860 *
Humber of capsules/plant
P1 1.639 * 2486 * 1 2063 *=| 1033 * 1772 | 1403 *
FPZ 0869 ns| 1.251 ns; 0191 ns| 1.347 * 1.550 ** | 1,449 »=
P3 1.367 * 3297 * | 2332 * 1.845 * 2215 | 2030 *
Pa 2626 * | -2.256 nsy 0.185 * 2733 * | 0500 ns] 1617 =
P5 -2.804 * | 2023 % | .2414 *| 2060 * | -0.942 ns] -1.501 **
PS -24159 = | 2754 =) 2457 ] 4897 **] 5094 ** | 4936 **
LSD 5% 3151 3027 2162 2.302 2.494 1 679
(Si-Sik)1% 4.216 4.048 2.864 3.080 3.336 2225
L 0.649 0.950 ** | 0.600 0.924 ** 0.770 * 0.880 **
1800-seed weight {g)
P1 0410 = | DA4E0 * | 0435 ~] 0500 *| 0456 *] 0478 =
P2 0.B44 **} 0662 **) 0653 *] 0617 **| 0653 *=| 0635 *
P3 1143 [ 1152 *% | 1148 **{ 1111 * ]| 1116 * | 1114 *
P4 -0,290 ** | 0309 ** | -0.300 **] -0.269 * | -0.311 ** | -0290 *
P5 -0858 * | 0874 ** | -0866 *| 0911 *»*{ .0.853 *{ 0882
P76 ~1.049 ** | 4091 ** | 1070 ** | 1048 * | 1062 ** | 1055 *
LSD 5% 0.050 0.068 0.042 0140 0.078 0079
(Si-Sik)1% 0.067 0.092 0.056 0.188 0104 0105
H=r 0.975 ** | 0.980 ** | 0.980 *| 0.984 | 0.980 * | p.980 *
Humber of seeds/capsuie
P4 -0.268 ** | -0.395 * | .0.332 *{ 0307 *| -0313 * | .0310 *
P2 0126 ns] -D0.32Q ** | L0228 * | 0282 ** | 0246 ** | 0264 ™
P3 -0.201 * 0312 *= | .0.257 *| -0.224 * -0.266 ** | 0245 =
P4 -0.001 ns] 0133 ns| 0069 ns| -0.079 ns| 0085 ng| 0.003 ns
P5 0269 ** | 0361 ** | 0315 * | 0297 **| 0291 ** [ 0.294 *
P& 0.328 ** | 0536 = | 0432 *| 0596 * | 0450 ** | 0523 »
LSD 5% 0.282 0.274 0375 D322 0.202 c188
(Sij-Sik)1% 0.377 D.286 0232 0.431 0.271 0.249
r 0.746 * 0970 ** | 0.980 * | 0,858 **| 0.980 *~| 0.390 **

Far expanztion see Table (2) .
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Table 6. Estimates of specific combining abity (5) for 15 Fy and F crosses as afected by nomal (€.} and saline (Ex) envronments

and their combmed (C.) data for seed weight and fs combonents
f

1 6l Ccl B[ Bl E.IE;LJ_

Gt 0455 03B e 0t | 0268 | 02K M| T4
Q34+ ) 015 ng) 0262 ) C259ng| 0161 ngf 0240¢ 431 2
Q081 nsy 0255 ns) 0067 nef D009 ns) 0242 ° [ 01 A5 mef 043
D061 gy 0088 ns) L0079 g Q1S msy 01039 ns} D07 ; A0 s 218
Ly OMS®( 0267t [ 0080 ns) 0727 ™| D34 -4225ns ; 102 nsf 0570
0210 og) 0041 ns| 0285 0455 ng) 0102 ns) 1M g 3 . i D379 ns| 2049
Qi85 | 048t t| 0332 0187 | 0485 %| QMG *] 4t g mﬁrs 1636__ _ 2646 nsy 1767
0165 ng) 0065 ms| G135 n 0441 ns) 0095 ng) 011G 59% | 206+
D082 rsl 0307+ [ 022 ne] 044 ns) D332 * | 188 AT sl 40 ¢
D557 0145 ns| 206 ] 0433 % | 01458 D14 4359 ns{ 3500 !
S ng 0391 | 01790 £012ns) 03094 0183 158 sl 1769
0146 ns| 0120 ns) 0013 nd 0080 ns] 0085 ns) 0002 B5Tg | 1385
D31 ns; 0122 ns( 0056 ng 0007 nal 0082 ns| D49 7 nst 8572 ngj B30
D42t | D085 (024 ngl 0388 %) 0072 % | D%} { S8 [3735’ ) . A.3% ns} 2306

P | 0207 ns! 0453 nsl 0480 mst £137 nsl 0162 na{ 0150 el .2 : 16 ngy 1602

LD % 0249

(SSkA% 0319

o
=B

DR (50" 058 4] 513 8] Qued ] 94 = D4 =
Pl | 0sre| 0

‘ 432?5ns .

L L D51t 04124 0544 ) 079050 0.9
PP 0023 | 0076 ns| 00% 0.058 ns{ 0045 o) 0489 rsf 0625 * | 0689 g .
PuP% 0108 ) 0400 rst Q4042 7 0. 0080 rg) 009 ns) 0.0 ns) 003 ns| .87 ns] 0,099 ns] 006 nsl D58
MaP§ 086%™ 0851 | 074 =] 063 O&16=( 0523 -0552* | 0140 g 036 | DB 172 s B4
Phf} 077680 035 030 0172ns] 0375 % 001 ngd -0.29 ns| 0458 ns] 228 ng] 0501 s 06 ns) D242
PaPd | 0108 | 00%3ms -G.O??ns*-&ﬂ?m 0031 ns| D04Sng] 0802t) O3 *. (8% =) 0809 | 0852 % 079 ¢
Pips 0853%) 1m2= ) 0813™) 090 ™| 00| 0925 ] 0232 ns| L5068 = | 0984 ne] 03 ns| D300 | 010
P2 07420 0572 | O8ST®| OT3*) Q5% %| 06M #[ 1473 040 | 0556=] 1360 | 0%9¢ | 0500
Plpd 0510%) 0407 nsi 0.309%) 0448*| 0091 ns{ 0270 %) 0589 | 0208 ng| 0491 ng] BB | 0155 n8) Q31U 1
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PAPY | -0800 % | 0647 | G673 % | 060G D102 | DB4S “T D193 ngt 0632 sl 0413 % £ 0107 ns| D545 ns{ 0%
PArps 039=) 0154%] 0237 0473ns| 0250 ! 0156 | 0724 | 707 = [ O7%5 | 063 | D614 | Q50
P | 0203 03 % 7] Q1% s DA nsl QAT {0789 | L2642 05 D76 | DXE | 04 2
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2-Stress-susceptibility index (S):
2-1-Straw weight per plant and its components :

Salinity is one of the major limitations on crop productivity and crop
quality. Hoorn et al., (2002) has shown that the negative effects of high
safinity are reducing the growth rate, as well as the piant hiomass decreasing,
plant stature, leaf area, and nutrient uptake as well as mineral disorders.

Mean performance for straw weight and its components recorded
under normal and saline environments as well as their combined data and the
susceptibility index (S) are shown in Table (7). S values for straw weight/plant
revealed that out of the six genotypes used as parents, Pg (Daniela) was
identified as moderately tolerant genotype as well as high mean performance.
Out of the 15 F; and F, crosses, four crosses (P.xPg, PxPs, P3xPg and
P.xPs) were showed high or moderate tolerance to salinity in one or both
generations as well as superiority for straw weight compared with other
crosses, indicating that stress tolerance is due to high yielding potential and
low or moderate susceptibility. However the cross P;xP; revealed high
tolerance with low of mean performance. In contrast, the cross PP, had
relatively high straw weight with high susceptibility. For plant height, Ps
(8.402/1) and P, {5.421/6/4/5} in both generations and P (Daniela) in F5 only
showed moderate or high tolerance to salinity and high tallest than other
parents., Qut of the 15 F; and F; crosses, two crosses (PixPs and PsxPs)
exhibited high tallest than other crosses but had low susceptibility. In addition,
the two crosses (PixPs and P;xP,) showed moderate plant height with
moderate tolerance to salinity. Also, for technical stem length, the above-
mentioned parents (P, and Pg) and crosses (PaxP,, PaxPs, P3xPg and, PgxPg)
exhibited the same trend as plant height trait. Concerning No. of basal
branches/plant, P1(S.413/3/3/1) and P, (5.400/4/4/2) exhibited moderate
stress tolerance. Two crosses (P:xP, and P3xPg) gave high or moderately
tolerance to salinity and had high or moderate No. of basal branches/piant.

In general, Py exhibited high yielding potential and low susceptibility
for straw weight and its two important components (plant height and technical
stem length). Also, the cross (P3;xPs) had high mean performance for straw
weight and its components although its low susceptibiiity in both generations.
The cross PsxPs gave high yield potential and low susceptibility in F; only for
straw weight and its two important components. The results indicated that
tolerant parents produced tolerant hybrids. Hence the two crosses (P;xPg and
PsxPg) identified as tolerant adapted crosses in both generations may be
useful as potential breeding material for developing genctypes tolerant to
salinity for straw weight and its components. Apparently, tolerance to salinity
for straw weight and its components measured by susceptibility index (S),
may be simple inherited and can be predicted for parental cross combination
for potential parental performance and its tolerance to salinity.
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2-2-Seed weight per plant and its components:

Table (8) shows mean performance of six parents and their 15 F, and
F, crosses for seed weight and its components under normal and saline
environments as well as their combined data and the susceptibility index (8).
out of six genotypes used as parents, P {S.400/4/4/2) was identified as high
tolerant with moderate of seed weight in both generations. However, P;
{S.402/1) gave high seed yield with moderate tolerance in both generations.
While, Ps {(Gentiana) was identified as moderately tolerant with low seed
weight/plant. Out of 15 crosses, three crosses (PaxP,, PaxPs and PaxPg) had
high tolerance but not possess high mean of seed weight per plant, followed
by two crosses (P.xP, and P;xP,} identified as high yield potential and low or
moderate susceptibility. For No. of capsules/plant, Py (5.413/3/3/1), P;
(5.400/4/4/2) and P, (S.402/1) exhibited low or moderate of both stress
tolerance and capsules number/plant, but P, only had high capsules
number/plant with low susceptibility. The cross PyxP; is considered the best
cross because it is own moderate No. of capsules/plant with high tolerance in
F, generation. However the cross P,;xP, exhibited moderate of both capsules
number/plant and susceptibility in Fy generation. While, the cross P,xPs was
identified as high tolerant over both generations but not possess high of
capsules number/plant. Concerning 1000-seed weight, P3 exhibited high and
moderate tolerance over F; and F;, respectively. The two crosses, PyxP; and
P.xP; identified as highiy stress tolerate over generations coupled with high
of 1000-seed weight. On the other hand, four crosses (PyxP., PixP;, PxP,
and P.xPs) had low susceptibility, but had not possess high vield potential for
1000-seed weight. For No. of seeds/capsule, three parental genotypes, P;, Ps
and Pg had low or moderate susceptibility over both generations, only two
parents (Ps and P;) of them possessed high No. of seeds/capsule. Out of 15
crosses, five crosses (PxP; PxP,, PaxP,;, PaxP, and P.xPs} had low
susceptibility over all generations, while two crosses (PaxPs and PaxPs) of
them own high No. of seeds/capsule. Although, the ¢ross P.xPg possessed
higher seeds numberfcapsule than other crosses but exhibited high
susceptibility. However, two crosses {P;xP; and PsxPg) exhibited low
susceptibility only in F5 generation.

It can be concluded that, P; exhibited low or moderate susceptibility
to salinity for seed weight and its two important components, No. of
capsules/plant and 1000-seed weight. However, Ps; and Pg had high No. of
seeds/capsule with high tolerance to salinity. Out of 15 F, and F; crosses,
two crosses (P,xP. and P,xP,) exhibited high or moderate tolerant for seed
weight and its components. While, the cross P;xP5 exhibited high tolerance to
salinity for both seed weight and No. of seeds/capsule. However, PxP, had
high or moderate tolerance for both 1000-seed weigh and No. of
seeds/capsule.
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