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ABSTRACT

The present investigation was conducted using six flax genotypes with their 15
crosses in F2 and Fs 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, P2= S.400/4/4/2, P3= S.402/1, P4 =
S.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. Pz and Ps showed high GCA effects for straw weight
and its two important components in most cases. However, P1 and Ps showed high
GCA effects for seed weight and its two important components (No. of capsules and
1000-seed weight). While, P2 proved to be high general combiner for 1000-seed
weight only. SCA effects indicated that the two crosses, PsxPs and PsxPs 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. Pi1xP2 for seed weight per plant and PixPs for 1000-seed
weight included high x low general combiner parents.

Concerning salinity tolerance, Pes exhibited high yielding potential and low
susceptibility to saline environments for straw weight and its two important
components. Also, the cross PsxPs showed high means for straw weight and its
components, so 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 Fz only. The results indicated that
tolerant parents could produce tolerant hybrids. Hence the two crosses, P3xPs and
PsxPs may be useful as potential breeding material for developing genotypes tolerant
to soil salinity for straw weight and its components. Ps 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 P1xP2 and P2xP4 exhibited high or moderate tolerance for seed weight and its
components. While, the cross P3xPs exhibited high tolerance of salinity for both seed
weight and No. of seeds per capsule.
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INTRODUCTION

One of the earliest plants used in the manufacture of clothing 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 (cultivated 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 - linolenic 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 general (GCA) and specific
(SCA) combining abilities is essential for flax breeder. Generally, GCA is
associated with additive genes, while SCA is attributed 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 ability 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, i.e. Shehata
and Comstock (1971), Foster et 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 Fz and Fs generations) under 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 action in F1 generation. The
genotypes used included; four promising strains i.e., S.413/3/3/1 (dual
purpose), S.400/4/4/2, (oil type), S.402/1 (dual purpose) and S.421/6/4/5
(dual purpose) as well as two introductions i.e., Gentiana (oil type) and
Daniela (fiber type).
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In the first season (2005/06), the Fi seed bulks of the 15 diallel
crosses were used to evaluate its F2 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, El 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 F2 seed bulks of the 15 diallel
crosses were used to evaluate the F3 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 entry
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 cultural 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
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 salinity stress tolerance of the
various genotypes, where S<0.50 is indicated highly stress tolerant
genotypes, S>0.50<1.00 designated moderately stress tolerant and S>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 F2 and Fs generations under normal (E:= Etay El-Baroud) and
saline (E2=Tag EI-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 F2 and Fz at E2 as well as crosses for No. of basal
branches in F3 at E1 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 (Fz and Fsz) under normal and salinity environments with
exception No. of basal branches in F2 and Fs at Ex 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 two
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 F2 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 Fz and No. of basal
branches per plant in F2 only. Also, SCA x E mean squares were significant
in most traits except plant height in Fz and technical stem length in F2
crosses. Hence, both additive and non-additive genetic effects are influenced
by environments. However, the additive 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 results
are in agreement with reported by Patil and Chopde (1981) and Patil, et al.,
(2997).
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Table 1. Mean sguare of ordinary and combining abity analyses for straw weight and 5 companznts inFy and Py generafions under

normal (E¢) and saline (Ey) emaronments and their carnbined date (C.).

b F: E E
500 o | 6| Bl ¢l ElE] ¢l El E] ¢ E] E] ¢
5.|C Straw weight/plant (o) Plant height/plant icm)
Environment (€} | |1 HoH 10409 44307 107H 0"
Reps!E 4 052" 023 ng g Ptk
Genotypes(G) (0|20 240%%| 208%™ 23| 218 1B2%| 304|063t 2800 ) 46750 " (13808 TR Y T
Parets Py | 3|3 GU2%| 2H™| 23%%| 1AM 1300 380|032\ 0743 9R0A ¢ (M0 I WA
Crosses(C) |14|14] 134% | 150% 200 [ 198%) A75%) 300 * 2604|1620 ) 35036 * 11653 *|163.32 | 25640
Pust 111 Q8ngl B30") 28% | 467" 000 | 238"| 62097 |N220%| 46044 ™ 43078 | 9147+ | 4705
GxE i 3 PR 958 | A Y
PRE 5 145 25 G a3
CaE 14 08" on* f7 58 L4
PusCaE 1 BAT* 380 915" Hpa M
GCA o 3] ML DB ) 1RG R T2 A9 A 4T BT M (1200 16047 ) 26A8
SCA 15180 D) 049%) 0J0% ) 043%) 017 %) 036™[ 23337 5242 S505%) 32¢ | BM*| FH*H
GCAXE 5 145 010 g TG 162
SCAXE 13 00" 05" 260" B4n
Error q080( 014 | 0092 | DS | 043 | 0034 | 008 [4504) | 3193 | 4043 |10 | 40M | THE
GCASCA TBL | 266 | 140 | 345 1006 | 876 |t8EL | 20 | B30 | B1B | BM | 709
50V §.|C.)  Technical stem length/plant {cm) Number of hasal hranches/plant
Environment (E} | |1 3 B30 LRIl 309
RepsiE 4 ikl 1940 ™ 007 ns 00
Genotypes(G) [20)20(211.20 * 18538 ™) JPRE5 ™ (12461 ™ {18626 | 20483 ™| 03 043 M| 00B:| 010 OnM
Parents (P) | 5| 5 36235 * [F1773 % | 62580 * (14425 * 19847 | 60T #[ 020%) 008ng 01e| 115%| D06ng 003
Crosses(C) |14|14)16379 = 15057 * | 30347 * [ 9093 % (19067 ) 203" 0087 | 043 M| O07ng Q0% O™
Pust 1)1 B | 53y 5138 (40406 | 1080 ng HEST ™| 000ng 03| 031*| O0ng 063% 023%
GaE l mie A58 0 015"
PxE 2 g P 05" 01
CxE 14 1330# 1936 Il 005
PusCat 1 LRl B 045" 03
GCA 5| 5|2 A0 (18572 %) JRR00 M (11341 1 90 | 0258 | 002ng 005% 005 OM2ng D09% 003"
5CA [5(15] 1930 # | M43 | T |7 M 180 ¢ BOe| 005¢| 0| 005 00| 0034 oM
GCAXE 2 1442t 1275 003 ns 003
SCAXE 15 303ns [ 004H 003
Error il 28 | 384 | 3@ 400 |30 | 3E |omS |om3 | oocte |om2 | oo | oo
GCA/SCA N3 | 807 | 1031 | G4 [1020 ) 1008 030 ) 07 0 f 04 | 1 083

- non- significart, sienificant st 0.05 and 0.01 levels of probabilty, respectively.

5. Single erwironmert  C. Comninec! over &l environmerts
Estimates of GCA effects (gi) for six parents as affected by normal and
saline environments and their combined data are presented in Table (2). Pe
(Daniela) and P3 (S.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
Ps in F2 only. Using such parents in hybridization programs may result in
isolating desirable sergeants for the above-mentioned traits. However, P:
(5.400/4/4/2) showed high gi 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 Ps 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 (Sj) for straw weight and its components in F2 and Fs
crosses under both environments and their combined data are given in Table
(3). The data indicated that there was no cross combination which was
consistently good for all the straw weight per plant and its components. Out of
the 15 F2 and Fs crosses, only one cross (PsxPs) exhibited significant positive
SCA effects for straw weight, plant height and technical stem length, as well
as PsxPs indicated high SCA effect for the same traits except straw weight in
F2 only. For No. of basal branches/plant, one cross (P2xP4) showed
significant positive SCA effects in F2 and Fs crosses under individual
environment and combined. However, PixPs and PixPs crosses showed
significant positive SCA effects at normal environment and combined in both
generations. It could concluded that, the two crosses (P3xPes and PsxPs)
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 (PsxPs and P3xPs) 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
combinations. Therefore, 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 genotypes and their F2 and Fz
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(§) for six parental

genotypes as affected by normal (Eq) and saline (Ez) environments
and their combined data (C.) for staw weight and its combonents.

F: F:
Parents E, | E: | C. E, | E: | C.
Straw weightiplant (g)
P -0.035 ng| 0002 nz| -0015 nz| -0163 nz| -0.305 ** | -0.2535 **
P2 -0.050 nz| -04Y6 nz| -0113 ns| -0418 ** [ -0391 ** [ -0.405 **
P3 0180 n=s| -0.505 |** | -0.164 |ns] 0505 ** 0406 ** [ 0455 **
P4 0.347 |*= [ -0.205 ns| 0.069 |ns] -0.534 * | -0400 * | -0467 **
P5 -0.639 ** 0.236 |n=| -0.232 |* 0457 n=z( 0003 n=z| 0033 ns
PG 0.261 |* 0.654 |** | 0.457 |** 0.453 ** 0E54 *= | 0565 *
L=D 5% 0.342 0.443 0277 037 0186 0205
[ S-Sk % 0.457 0.593 0.367 0.497 0243 0272
r 0.985 ** 0.940 ** | 0,940 |** 0.942 = 0910 ** | 0,940 *
Plant height/plant (cm)
P1 S2285 % | -3564 % | 2025 ]| 2064 nz| -3425 % [ 2745 %
P2 -2.097 = | 0796 nz| -1.447 | -0074 ns| -3.385 ** | -1.731 =
P3 9523 * B.712|** | 5115 |** 4156 =* SE95 x| 4924 =
P4 -E.255 | -0893 nz| -3577 | -3367 #* | 1036 n=| -2.201 =
P5 -6.059 ** | 4477 * | 5265 *| -4052 * | -3465 ** | -3.758 **
P& FATG S.0235 % | 5.095 |** 5401 =* = R I
L=D 5% 2238 1.806 1.423 3240 2032 1.892
[ Zij-Sik1 % 2.994 2415 1.8585 4 335 27149 2505
r 0.945 ** 0.860 ** | 0910 |** 0.960 ** 0.830 * | 0.900 *
Technical stem length/plant (cm)
P1 1635 | 23479 % | 2407 | -08985 nz| 2279 ** [ 1632 =
P2 W27 | -25398 | 2500 | 1532 -3.537 * | 2555
P3 E.355 ** E.811 |** | BE.B45 |** 3420 = E290 ** [ 4355 =
P4 -4.547 ** | 1275 % | 23061 | -3451 | 2542 | 3011+
P5 -4.039 = | -5.039 * | 4564 = | -3207 ** | -4166 ** | -53.656 **
PG E 405 |** 5129 |* | 5 7EQ |** 5785 * E234 # | gO09 =
L=D 5% 1.716 1.973 1.294 2191 1.762 1.391
[ =i-Sik1 % 2.296 2640 1.715 2831 2357 1543
r 0.934 * 0.930 ** | 0930 |** 0.943 ** 0.900 * | 0.930 *
Humber of basal branches/plant
P1 -0.067 n=s| -0.033 ns| -0.020 ns] -0045 nz| -0.013|ns| -0.030 ns
P2 0.050 n=( 0442 * | 0095 |** 007 n=( 0A37 ** | 0077 =
P3 0017 el 0017 ns| 0.000 ns| -0004 nz| 0041 |nzl 0015 ns
P4 0.042 ns| -0005 nz| 0017 |ns| 0047 ns| -0.026 nz| 0011 ns
P5 0050 n=| -0083* | -00M7 |n=] 0041 ns| -0033 * | 0028 ns
PG -0.058 nz| -0.033 nz| -0.046 ns| -0054 ns| -0047 ns| -0.050 *
L=D &% 0122 01135 0.053 o110 0.095 0.ar3
[Si-Sik)M1% 0164 0153 0110 0147 0131 0.096
r 0.7o2 0.920 ** | 0.§50 * 0.742 0.950 ** | 0.750 *

nz,** non- significant, significant st 0.05 and 0.01 levels of probability, respectively ..
#(P1=5.41303/3M , P2= S 400/40472 P3= 54021, P4 = S.421/654/5, PS = Gentiana and PE= Daniela)
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Table 3: Extimates of specific cambining ability (&) for 15 F» and Fy crosses as afected by notnal (Ey) and saline (E5) environments

and their combined (C.) data for staw weight and its combonents,
E E E E
Parents ( E [ E | ¢ [ E [ E [ C[ E [ B[ C[ E[ B[ C
Plant hg!uhyulam ol

Pxp? 0502 ms| 0401 me| 0200 na| 1049 % | 0108 ns| 0579 * | 0835 ng -1.204 ng| 0158 ns] 2508 na| 3596 na| 3592 ng
P1xP3 0148 na| 0400 ma| 0274 nal 0196 ng| 0502 | 0153 ngf 4268 | 1921 ng| -1.574 ng] -3.044 ng| -2.035 na| -2.540 na
PMxP4 0432 ns| 610 me| 0520 nal 0039 na| 0167 s 0064 msf 4557 * | 7702 % | 6028% | 0421 na| -2813na| -1.19% ng
P1xP5 TAZ4 | 019 | 1022 % 0484 ng| 0165 ng| 0158 ns[ 3504 ne 10144 * | 6520 * | 0483 ng| 0783 na| 0623 ng
P1xPé 0054 ns| 0438 rs| 0246 nal 0012 gl 0597 * | 0243 nsf -3119 ng| 4423 * | 3770 * | 4707 na| 0096 na| 0802 ng
P2yP3 D423ns| 0204 me| 010ngl 0435 na| 0.344% | 0239 s S410# | 1867 mg| 1772 ng) 0967 ma| 0.748 nal 0110 ng
P2xP4 A7 033t [ 106A | 047 nal 0473 s 0922 naf 3144 ns 12363 * | 4600 * | 4672 na| -5507 * | 0418 ng
P2yP5 0543 ns| 0477 me| 0083 ngl 0400 na| 07390 | 020 ns{ 3060 ng| 5300 | 4184 * ] 1771 na| 114 na| 1798 na
P2xPg 26T | 0028 rs| 0B42 [ -OT0F | 003 s 0336 ne{ 0260 ns| 6142 % | 3201*% | 02398 na| -2.278 na| -1 020 ng
P3xPd QI3 4830 028 ngl 0000 ne| 0183 ns| 0092 nef 1601 ng| 102 ng| 0.285ng) 1.335 na| -1 454 na| -0.0%9 ng
P3xps 5% ns| 036 ne| 0426 ngl 0737 % | 00 ng 0358 nef -2494 ng| 3801 * | 0853 ng] 2597 na| 2188 na| 2393 ng
P3xPg D27 ns| 0255 me| 0006 nal 040 | 0386 | 0648 * | 5S906% | 3537 | 4720 TAME | G779 | BEHM
Pdxps 00003080 0689t [ 0508 ne| 0377 0442 | 2308 ne| 5123 ng| 1367 ng] <1140 na| -0.050 na| 0595 ng
P4xP6 0244 ns| 0603 ng| 0180ns| 0206 ne{ 0038 ns| 0084 ng) -3315 g -1 5231 | -2.719 nal -1.577 \ng| -1.546 na| -1.561 g
P5xPé 1028 % | 03070 | Q73] 10920 ] Q183 | 0A73 %[ THA0 ™| 7400 %) TR M| 412 (1153 | Q474
L30 &% | 0804 | 1472 | OBT8 | 0882 | 0491 | 0503 | G820 | 47TT | 3485 | 8573 | 53T | 463

(iskA% | 1209 | 1568 | 0896 | M5 | QBT | OGET | TAM | 6382 | 4E18 114700 | A% | Ba42

§ DA™ | 0750 | DE7O™] 0762* | 0760* | 090 * [ 0558* | 0.730* | 0550 | OR7S™ | 0.010* | 0890*

Todi

PMsp2 2562 ns| 322 ng| 28031 | 3703 ne| 0187 ne| 1845 ng| 0121 ng -0080ns| 002 nal 0.045ns| 0003 ns| 0024 ng
P3P} ST L6 0 e 152 | T {0088 ng| 012 ng| 0450mg] 0153 ng| 02331% | 0183 M
PixP4 S003 | 3825t A4 0588 ne| 227 | 0842 nef 0083 ne| 0198 ng| 0067 ng] 0032 na{ -0201* | 0146 ng
P1xP5 1982 ne| 2563 me| 2272ng| 2400 ne| 0743 ns| 1613 ng 0255% | 0145 mg| 0.200%% | O.211% | 0433 ng| 01721
P1xPé A8 ns| 3736t | -2460me| 1049 ne| 0033 e 05 nef 0230% | 0095 ng| 063 | 0243 | 0067 na| 0163°*
P2xP3 1899 ns| 1902 me| -004A nal 2357 na| 0207 | 1262 mef 0928 ne 0263 | 0196 | 0042 na| 0150 na| -0.0% ng
P2yP4 0.757 na| 0.238 na| 0280 ngl -0.088 na| 2814 ng| 1450 ngf 0213 % | 0362% | 0.288% ) 02031 | 0203 | Q43
P2xP5 4260 ™| 032 ng| 2267 ns| 2908 ne| -1.306 ns| 0700 ng| 0005 ng| 0A700ns| 0087 naf 0021 ng| 0117 ns| 0.048 g
P2xPé 0595 ns| 0930 me| 0467 ngl 0326 na| 0843 | 0258 nsf 0220 | 0487 mg| 0007 ng) 0126 ng| 0404 nal 0011 ng
P3xP4 A300%* | 1472 me| 2086t | 0773 ne| 1092 s 0933 s 0387 04054 ng| 0017 ng] 032 | 0413 ng| 0100 ng
P3xp5 0022 ns| 0720 me| -0 M8 ngl 3662 na| 0436 ns| 2099 s 0.005ns 0.229°* | 0017 ng] 0028 ng| 0146 na| 0.0 na
P3xPg 4152 | 5418 | 4R0G | G20 | G2 | 5277 | 0087 ne| 0479 ng| 0046 ng] 008 na| 0167 na| 0079 ng
P4xP5 1 987 na| 0419 me| 0.768 ngl 0377 nal -3.225 | 1800 ns{ 0020 ng| -0.080 mg| 0000 ng] 0,034 na| -0.021 na| -0.028 ng
PdxPg ABRE | B |45 052 nel 2518 sl 1515 ne{ 0055 ns| 0070 ng| 0.063 ns) 0128 na| 0087 na| 003 ng
P5xPé B2 | BOBGM | B4l S8t 100 | BaTs #0054 ng 0088 ng| DATTE | D63 ng| 0133 ng| 0148
L300 8% | 4540 | SZM | 3700 | 5796 | ARET | 3407 | 03 | 0a04 | 0203 | 02900 | 02600 | 0A7R

(i-sikA% | G074 | G886 | 42000 | 77SS) | B2 | 4515 | 0433 | 04060 | 0269 | 0308 | 0.8 | 0236

i 0533+ | 0580 | 0550* ) 0e20% | O7R0* | OFI0*| DO3E ) 0900 %) 0910 ) 0042 % | 0.550% | 090
#(P1= S 333 P2= S 400MM12, F3= 5 4020, P4= 5 42085, P5 = Gentiana and PE= Danigka)

N3, * non- significart, significant at 0.03 and 0.01 levels of probabity, respectively .
t # Siple correlation coafficients hetveen SAC valies and means of crosses.
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Table d. Mean square of ardinary and combining abilty analyses for seed wieight and s components in Fo and Fy penerations under
niormal (E) and saline (E;) enronments and thelr combingd data (C.).

) k; E E:
50 o [ ] Bl ¢ ] E] Gl ElE]l ] K] E (.
5.|C.| Seed weight/plant () Number of capsulesiplant
Environment (E} | |1 Bra 15 125616 164371 %
RepsiE 4 0n? 003 704 £39¢
Genotypes(G) |20(20( 035™ | 054 DB ™[ D35%| 0457 | 060" (13290 % | 124106 %) 16237 # [ 7971 #10608 *| 16049 *
Parents(P) | 5| 5] 0J0%| 027* | 0B3™| 052%| 017%| 049% 16350 %) 4480 | G450 | GEG ™) W36 | 12343%
Crosses(C) (1414 0.54*| 055 068%) 0357 44| B3 [12632*|12812% 19292 " | 603 ™ (1057 #| 1B7135 "
Pus.C N1 002ng| 18T | Da2) ODGng 187T*| 063 ™[ 3403nqdes2d™ (12375 [ 32 nf26600 " 979
GrE ] D" 062 * 029 13430
PyE ] 076" 053* 15219 0007
CxE 14 02 015 g5 B
PusCyE 1 182" 172 45814 2967
GCA AT 048%] 0| DT D3] DA 01| B00A®| 42057\ B[ TAE0*| BTN 1HH*
5CA 15015) 010% | 043%) Q2% Q06| D12%) QA0*| 3904*) 447*| 0% ™) 050°* | TH* AN
GCAYE ] 009t 00§ * ikt 1403¢
SCAxE 15 010 00g # nne T4
Error 40180 0038 | 007 | 0033|0023 | QUG | DM | T3 | 83M | M7 | 19 [ 6030 | G640
GCABCA Rt I TP 0 O A O S R 1 I K 14
500 5.|C. 1000-seed waight (o) Numher of seeds/capsule
Environment (E} | |1 12 LEil 16 nye
Reps/E § 006 ns 276 ns 040 ng 355
Genotypes(G) |20(20( 537 ™| S50 1083% [ S23%| SZ%| 10| 1ADM| 1B 23M[ 1R 109 219
Parents(P) | 5| 5] 900% | S84 1752%| Q9% BZi%| 1BA0%| 209 412%) SIEM) 24T 343 AT
Crosses(C) (1414 426 | 4R0*) G827 | 2877 d4d®| 8| 155" 0B7T*| 133" 163%| 047% 116"
Pus.C N1 260%| 0837 | 240 OBG™| 104" 1EE*[ 386%| 003° | 28| 1T 0Dy 1M
GrE ] 1H* B3y 265" 23
PyE ] nar* 12144 445" a7
CxE 14 004 * o7 # 1 0% *
PusCyE 1 249 114 09 27
GCA I O I ol P O v T O 1 O A B
5CA 15015) 035 030 (063*) 026" 028" Q3™ OB4™| 03 ™| 040 050%| 0.5% 05"
GCARE 3 0 ns 001 ns 011 ns 004 m
SCAxE 15 0oz * 0n3# 45 % 0.3
Error 40180 0002 | 0005 | 0004 |09 | 0006 | OM3 [ 0078 | 0045 | OOt 002 | 0040 | 00N
GCABCA L O I O 0 A 0 < A I FA .

For expanation 3ee Table (1)

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/plant 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 Fz 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 (gi) for six parent as affected by normal
(Ex) and saline (Ez2) environments and their combined data for seed
weight/plant and its components are shown in Table (5). P1(S.413/3/3/1) and
P3 (S.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 (P1 and P3)
could be used in single cross combination to produce progeny having good
levels of seed weight suitable to normal or saline conditions. While, P2
(5.400/4/4/12) was high general combiner for 1000-seed weight only.
However, Ps (Gentiana) and Pe (Daniela) were high general combiners for
No. of basal branches/plant at individual environments and combined. The
simple correlation (r) between GCA values and parental means for seed
weight/plant and all its components were significant except for No. of
capsules/plant in Ex and combined at F2. 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 (Si) for seed weight and its
components in F2 and Fs 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 F2 and Fz
crosses, two crosses (PixP2 and P2xP4) showed significant positive SCA
effects for seed vyield/plant under two environments and combined data as
well as, P1xPes gave positive significant SCA effects for saline environment
and combined analysis in both generations. Only one cross (P1xP2) for No. of
capsules/plant, four crosses (PixPs, PixPs, P2xPs and P2xPs) for 1000-seed
weight and one cross(P2xP4) for No. of seeds/capsule exhibited significant
positive SCA effects under two environments and combined in both
generations.

It could be noticed that, one cross ( PixP2) for seed weight/plant and
one cross, (P1xPs) for 1000-seed weight included high x low general
combiner parents. On the other hand, one cross (P2xP4) 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/plant. These results are more
or less in harmony with those previously obtained in Fi 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 narmal (E4) and saline (Ez) environments
and their combined data (C.) for seed weight and its combonents.

F: Fs
Parents E, | E. | C. E, | E. | C.
Seed weight/plant (g)
P1 0132 * 0136 * o134 * 0402 * 0.ov4 = o.0gs  **
P2 0050 nz( 0423 * 0.037 ns| 0.063 | ns| 0054 * o.oavd
P3 0.205 ** 0267 ** | 0.237 |* 0475 ** 0267 ** | 0.221 |*
P4 0294 *=* | 00584 n=z| 0085 ns| 0467 ** | -0066 ns| 0051 ns
P5 -0.2583 ** | 0197 ** [ 0240 np=| -0.238 ** | -0456 ** | -0197 |**
PG -0.318 ** | 0244 *= [ 0251 ** | -0.269 * | -0.202 ** | 0236 |**
LSD 5% 0200 0165 037z 0153 0127 0.095
[Sij-Sik11 % 0267 0221 0.493 0205 o470 0130
r 0775 * 0.970 ** | 0.890 * 0.796 * 0.960 ** | 0860 **
Humber of capsules/plant
P 1.639 * 2486 * 2063 ** 1.033 * 1772 1.403 *
P2 -0.869 n=| 1.251 n=| 04191 ns] 1.347 % 1.550 ** | 1.449 |**
P3 1.367 * 3.297 * 2332 ¢ 1.845 * 2295 * | 2030 |*
P4 2626 * 2256 nz| 01585 |* 2735 0500 n=| 1617 |**
P5 -2.804 &% 2023 ¢ | 2494 =] 2060 % | -0.942 nz| -1.501 |+
PG -2.159 * 275 x| 2457 (x| -4.897 = | 5094 %% | -4.0995 **
L=D 5% 3151 3.027 2162 2.302 2494 1679
[Sij-Sik11 % 4 25 4049 2 864 3.080 3336 2235
r 0.6449 0.950 ** | 0.600 0.934 ** 0770 * 0880 **
1000-=eed weight (g)
P 0.410 ** 0.460 ** | 0435 |** 0500 ** 0.4565 ** | 0475 |**
P2 0544 == 0662 ** | 0.653 |** 0617 ** 0653 ** | 0635 |**
P3 1143 *=* 1452 ** | 1148 |** 1411 == 1416 ** | 1.114 |**
P4 -0.290 ** | -0.309 ** [ -0.300 ** ] -0.269 ** | -0.311 ** | -0.290 |**
P5 -0.555 ** | -0.874 * | -0866 ** | -0.911 **| -0.553 ** | -0.552 |**
PG -1.049 * | 1091 ** [ 1070 ** ]| -1.045 * | -1.062 ** | 1.055 |**
L=D 5% 0.as0 0.065 0.042 0.140 0.a7s 0.avg
[Sij-Sik11 % 0.067 0.09z 0.055 0188 0104 0105
r 0975 = 0.980 ** | 0.980 ** 0.981 ** 0.980 ** | 0.980 **
Humber of seeds/capsule
P -0.2658 ** | -0.395 * | -0.332 ** | 0307 *| -0.313 ** | -0.310 |**
P2 -0126 ns| -0.329 *= [ 0225 ** | 0282 * | -0.245 ** | -0.264 |**
P3 -0.201 * 0312 ** | 0257 || -0.224 * -0.266 ** | -0.245 |**
P4 -0.001 n=( 0435 ns| 0,069 ns| -0.079 ns| 0055 ns| 0003 ns
P5 0.269 ** 0.361 ** | 0.315 |* 0.297 == 0291 ** | 0.294 **
PG 0.325 ** 0.536 ** | 0432 |* 0.595 ** 0.450 ** | 0.523 |**
L=D 5% 0.2g2 0214 0175 0.322 020z 0188
[Sij-Sik11 % 0.377 0285 0.232 0.431 0271 0.249
r 0746 * 0.970 ** | 0.980 ** 0859 ** 0980 ** | 0.990 **

For expanation see Table (27 .

9867



Abo-Kaied, H.M.H. et al.

Table B Estimates of specifc combining abiity (5) for 15 F5 and Fx ctosses as afected by nomnal (Ey) and saline (E) emitonments
and their combined (. data for seed weight and s combonents.
:9 :Q F? FQ

Crosses | B | E | C| E ] E| €| E ] E[] C] E | E] G

=

seed weightplant iol
P1xp2 OAB6% | 0455% | 0326%) 0472 | 0298*% | 0236 | 9249 ™ (12071 * (10545 *

PaxP3 0364* | 0459 ns| 0262 | 0259 na| 0461 ng| 0210% | 1536 ns| 0189 ns| 0574 na
PAxPd 0081 ng| 0255 ns| 0087 ng] 0008 na| 0242 * | 0126 ng| 44% ms| -6522% | 1014 na
PUsPs | 0061 na| -0.098 ns| -0.079 ng) 0015 ns| 0039 ng| 0027 el -2.806 ns| -2.592 ng| -2699 ng
PIsPG [ -0040ns| 0715 ™| 0287 % | 0080 0727 | 0324 ™| 4225 ns| 11002 % | 3439 ng
P23 0.210ms| -00H na| 0085 ng] 0455 na| 0102 ms| 0129'na| 3733 ms| 1,021 na| 1357 s
P24 036 | 0431 ™| 0333 067" | 0465 %) Q36" |03 ns| 4083 na| 1636 ns| 0557 na| 2646 ns| 1.767 ng
P24Ps 0165 ms| 0085 s 0015 ng] 0441 na| 0095 ng| 0418 nal -2104 ns) (.24 na| 0830 naf -1.964 na| 5.986 % | 2016 ng
PPG | -0062na| 0367 | 0224 ng 0044 m| 0352 | 0180 el 0700 | 7 552 | G40 | 4327 | 4,396 ns| 4361
PaaPd [ 0557 | 0045 ns| -0.206 ng) 0433 % | 0145 na| 0144 msf 8227 ™ | 1090 ms| -3.580 ne) -3.242 na| 4350 ns) 3500 ¢
PaaPs [ -0002na| 0360 | 0479 ng) 0012 ms| 0309 | 0149 sl B5M* | SETTE | 605 %] 1548 na| 1551 ns| 1.760 ng
PaPG {0046 na| 0120 ms| 0013 ng) 0080 ms| 0085 ne| 0002 naf -1.256 ns| 2544 | OF%4 ns| 2191 na| 0579 ns| 1.385 ng
PdsPs {001 na| 0422 ns| 0056 ns) 0007 ms| 0092 ne| 0049 sl 4724 ns| 7587 na| B.206 % | 3347 na| BATZns| BM0*
PdsPG [ 0425 [ 0055 % | 0240 ng) 0308 % | D072 | D20 [ B3t | 075 | 3023 ne| 3583 na| -1.329 ns| -2 506 ng
P5xP6 D207 ng| 0153 ns| 0180 ng] 0137 ng| D162 ns| 0050 ng] -2 | -1 B0 ns| -1.858 ne| 1087 ns| 2116 ns| 1602 ng
D&% | 0528 | 0437 | O34 | 0405 | 033 | 0240 | 8337 | 8007 | 5295 | 6081 | B33 | 4M3

(Si-zkd% | 0707 | 0584 | 0416 | 0541 | 0450 | 039 MM {1004 | TOG | 8148 | 8RT | 3430

t D756 ) 0530 | 0400 * u.?grs 0850 M | 000 0865t | 00| 080™) 0725 | 0860 ™) 0500

ETA0 | A | T4
013 na| 4743 | 2304 s
208 ns| 1216 ns| 0433 ns
0,306 ng| 4010 ns| -2158 ng
0729 ns| 1,028 ns| 0619 ng
3720ns| 0379 n| 2089 ng

PAaP2 (05007 0526 | D53 [ 0442 | 0415 | D42 | 0730 | D275 ns| 0503 %) 003 | 009 ma| 0355 ng
PAaPd [ 0407 | 84| DG [ 032 | DU M| O412% | 05440 | 0AT5ng| 0350 ) 0414 ns| 0.243ma| 0329 ng
PaPd [ -0023ra| 0076 ng| 0026 naf 0148 na| 0098 ns| -D045 na| 0489 na| 0625 ™ | 0068 ng) 0203 ns| 0516* | 0157 ng
PAaPs [ 0408°* | 001 ng| 004 | 0M0na| 0080 ns| O035ms| 0340 na| 0035 ns| 0147 ng) 0099 ns| -0.016 ma| 108 ng
PAWPG [ OB26* | EGT™ | 0744 ™| 0830 ™ | DR16" | OB | 0552% | D1040ns| 0346 | 0.8 ns| 0472 ma| -21% ng
Puapy [ 0276 | 0325 ) 0300 *[ 0472 ne| 0375 | 0401 ma 0298 ns) 0159 ns| 0,226 ng) 0501 ns| 0016 ma| 1242 ng
Papd [ -0408°* | 0053 ng| 0027 naf 0422 na| 003 ng| 0045 ms| QR02% | DA91% | DRAT* | (QR05* | 0852%| 0J9*
PLPs [ 0853 | 1012 | 093 ™[ 0900 | 0350 | 0825 | 0232 ng| 0.599 ™ | 0184 ng) 0.326 ns| -0.590* | 0132 ng
PLPG [ 0742 | 072" | DBST™[ OM3 ™| 0336 | OB24 ™| 1473% | 030" | OS66™) 1363 089" | 0302
P3P [ 0510 | 007 ns| 0,309 | 0448 | 009 ns| 0270 | 0389 | 0208 ns| 0191 ng) 0823 * | 055 ma| 139 ng
P3aPs [ -05B37* | 0B92 ™ | 0G40 ™[ 0593 | RT3 | DB ™| 060" | 078 | D07 ne) 0366 ns| 0A26 ™ | 0.030ns
P3PG [ -DDB7 ma| 0081 % | 0024 ™ | 0030 na| 0087 * | 0109 ns 0485 na| 0057 ns| 0.271 ne) 0166 ns| -0.087 ma| 0131 ng
PdgPs [ -DB3Q# | AT ™| DETS ™[ 0630 % | R0 M | -DBGS* | 0193 na 0832 ng| 0413 | 007 ns| -0.565 ma| 1326 ng
PP [ 0319 | 054" ) 0237 [ 0A73na| 00597 | 066 | 0752 % | 0707 % | 0720 QB0 | DB H | QB2
PoaPG {0203 | 0330% ) D267 M {002 na| 0305 ngl D27 %) 0780 | D264 M| DS 706 206 | 0406
L3S0 &% [ 0433 | 080 | 0403 [ O3 | 0206 | 0434 | 0746 | DS66 | 0420 | 0852 | 055 | 046
(SFSf% [ 0478 | 0242 | 0437 [ 0497 | 0275 | 058 | 0899 | 7T | OSED | 10410 | OTE | OBM

t D487 | 0500% ) 0500t § 03B | 0530 ) 0450 | OM2% | 0530 | DA40) QA03*) 0SB0t | 0ANO®
For expanafion see Table (3.
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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
salinity are reducing the growth rate, as well as the plant biomass 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, Ps (Daniela) was
identified as moderately tolerant genotype as well as high mean performance.
Out of the 15 F2 and Fs crosses, four crosses (PixPs, P1xPs, P3xPs and
P4xPs) 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 P2xPs revealed high
tolerance with low of mean performance. In contrast, the cross P2xP4 had
relatively high straw weight with high susceptibility. For plant height, Ps
(5.402/1) and P4 (S.421/6/4/5) in both generations and Ps (Daniela) in F3 only
showed moderate or high tolerance to salinity and high tallest than other
parents. Out of the 15 F2 and Fs crosses, two crosses (PsxPs and PsxPe)
exhibited high tallest than other crosses but had low susceptibility. In addition,
the two crosses (P3xPs and P3xPs4) showed moderate plant height with
moderate tolerance to salinity. Also, for technical stem length, the above-
mentioned parents (P3 and Ps) and crosses (P3xPs, P3xPs, P3xPs and, PsxPe)
exhibited the same trend as plant height trait. Concerning No. of basal
branches/plant, P1(S.413/3/3/1) and P2 (S.400/4/4/2) exhibited moderate
stress tolerance. Two crosses (P2xPs and P3xPes) gave high or moderately
tolerance to salinity and had high or moderate No. of basal branches/plant.

In general, Ps exhibited high yielding potential and low susceptibility
for straw weight and its two important components (plant height and technical
stem length). Also, the cross (P3xPs) had high mean performance for straw
weight and its components although its low susceptibility in both generations.
The cross PsxPs gave high yield potential and low susceptibility in F3 only for
straw weight and its two important components. The results indicated that
tolerant parents produced tolerant hybrids. Hence the two crosses (P3xPs and
PsxPe) identified as tolerant adapted crosses in both generations may be
useful as potential breeding material for developing genotypes 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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Table: 7: Mean performance for staw weight and t companents recorded under normal and saline environments a3 wel as their combined data and the suscepbity index (5]

F\ F\
[ (¢ [sTF JE lC [S1E | ¢ sl p JFE TC 1%
Straw weight/plant (g eight/plant (cm)

of8d 47 b | SMc |{046] 4RTc | 3B [ 40 |LATHOIET D | 8T co| SA ket [115] MT3a [127he | G200 |13
S8 |48 | SMc (080 43 | 3 | 40T c 0S| ATA00 | 027 d | SBT3d (117 SiA3a [0 | 882 ek 1.2
100 (320 | 520c [160) BEGa | 4700|363 8 [1AT/120R0; P07 a|i173a [083)0504a |30 a |9Td7Ta |06
Tla (373 | SATD [147) 482c | 343d| 4020c|104] 03530 | 9053 be| 9333 [026) M1 (85504 | BO6I e (041
a0 (360 | 4490 (073 38Tk | 43 b| 333 b|0B6| 8533 | T247 e| TaMe \1OV| BRITH BEA0c |TRBk |13
Mih (948 | 6338 (066 603h | 43 af 330 b (077115478 | 9267 he[1040Ta |133[10360 |B636e | MMa |09
45 |4 53 A |4 | 4k 10306 | 8112 | %509 .21 044 | 8820

B73h |40 de | SBce(l4) B3an | 332 0| 49 ck|1B{N AT | BT de| DM et [12N0AR A 1T 06| WI0H (119
Bt (410f | 5201 [196) B46a | 370 o| 308 ca|t {107 A0 -2 | 840 be 10205 bed | 085 ) 9347 ab 8217 b4t | 90820 |09
BA%ew | 4091 | 519 |IB1) 9191y | 357 hi| 438 (056} W53 | 6007 (| G5A0q [107) %ad2h [T4EGde | G504 b 104
B0k (6168 | 643D (045) B40ah | T64chl 302 d (132 D080 | 9433 be| 9707 |047| B4TTh \ToRTde | 230k 109
BBhe (61008 | G340 (042 BAQcd | 208 k| 539 a (0310540 ce | 6727 de| 9663 e 10310547 ab 423 hc | 485 ah |1.06
020 |43 h | ST {138 613k | 447 cdl 3 b 0BT &b | 28 beltOBATh {134 103 ab (B89 be | 906 & |0
T8a (555 | BR3a [162) 3301 | 30 k| 427 | 280102103 ot [ 9390 ¢ | S802ce |ORI|I01EEsh 72000 | BRI D [1.53
BA1fr | 459 | S35T |1.39) 976 | 289 0| 438 f|148) 0953 ea| G007 cd| 3080062 B80T s [TBEI | BTAGN (104
aAah (92 he | 9361 (0A8) 929t | 444 df 484 e (0470957 b (10060 0 (109.28 he (073 (10509 b \B1B3 b-d| B L |1.09
BAOfy (948 h | 579 (0a7) 280ce| 430 1| 30cd (0830950 b | 703 he 10327 be |07 |102508h 851400 | B384k |09
Bl (905 cd | 9638 [113) 283de | 454 cf 320 kc|0BSH05E0 ce | 9027 bhe 10193 hd |03 10303 8 BE3T D | 474 b |08
BABcd (940 he | S8 cd 093] 779a | 330 a| GRS & (0FTH2T238 0950 a{MGATa |16|1M7468 B0 P0EMa |02
4951 (483 | 4B0n (03T) 9l | 3340409 a0 M0 Gy | 7T et ] BB [1A7) MATh [7T30ce| GETL 063
BEEhc |B05 8 | BATh |02 BQSed | 435 e| S.20he|OBGH0 6T oo | 9283 co| 97.23 o 074 |100A8 s (3457 be | 9293 h 083
Bbe (6.9 | GA0A (048] 773a | 4850) 634 a|t0/01383 & | 8827 10985 be [115/10809 50 5R3 8 02414 |0BS

1
1
I
1

| 636 1522 1 &8 A0 [ 441 [ 468 10586 | 9.4 [ 925 10209 B265 | 8954
al stem lengihipiant (om Humber of basal branchesilant

938 |77t led | 845500 130 8343 ke |T138 b [7041 b |00 107 | 120 b] AMe (03] 12 |13k | 145 |06
WATC (T2 | TR (LG 8274 |BAGD bTBMke(tA0 173h | 140 | 1ATa |062] TR [140a | 13a |04
Md3ta (9257 | %B30s (007) S04 a 3438 o (8020 0280 180s | 143 c| 147k [19) 1730 [13h | 1430 U7
BA2c |82 he | 85T (018 83.25 ke (7412 b|76A3 b 076 180 | 113 o 1470 [119) 1878 | 1130 | 1408 |1
Tof3d |B5.26y | 7085l |10B) 7EF0d |B225 o |GO4T o |13 173h | 100 e A3 [13) 1720 (1000 | 13 |14
020305 |9557 a0 | %5530 [1.09] S55a (0033 4 |B8A0 a (143 ThDe | 107 cf 1.33d [107| 180 |107c | 133d |03
059|198 | B B6.02 7369|7045 16 | 16 | 18 (X I  T ]

W30 ce 7800 8| 8413 c-of1.03] $L3 e BRTY cB0AT-e{t ) 173 | 133 e | 133c [113] 1R | 143 | 153d |07
0620|7872 0| BRAT cp{.21] G093 cbh | TR42 bG3ESb-ol08) 173 | 140 | 1ATH (0] LTIh [ 1ATa | 1B4h |05
BOBG g (7207 | TATh |DB1) 86.33fh |B7.24 o |7GA9 de|0AT) (BT | 107 Q) A5d [186) 199 |10PR | 1330 |13
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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
F3 crosses for seed weight and its components under normal and saline
environments as well as their combined data and the susceptibility index (S).
out of six genotypes used as parents, Ps (S.400/4/4/2) was identified as high
tolerant with moderate of seed weight in both generations. However, Pz
(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 (P3xP4, P3xPs and P3xPs) had
high tolerance but not possess high mean of seed weight per plant, followed
by two crosses (P2xP4 and P1xP2) identified as high yield potential and low or
moderate susceptibility. For No. of capsules/plant, P1 (S.413/3/3/1), P2
(5.400/4/4/2) and P3 (S.402/1) exhibited low or moderate of both stress
tolerance and capsules number/plant, but P4 only had high capsules
number/plant with low susceptibility. The cross PsxPs is considered the best
cross because it is own moderate No. of capsules/plant with high tolerance in
F2 generation. However the cross P2xP4 exhibited moderate of both capsules
number/plant and susceptibility in Fs generation. While, the cross P2xPs was
identified as high tolerant over both generations but not possess high of
capsules number/plant. Concerning 1000-seed weight, Ps exhibited high and
moderate tolerance over F2 and Fs, respectively. The two crosses, PixPs and
P2xP3 identified as highly stress tolerate over generations coupled with high
of 1000-seed weight. On the other hand, four crosses (PixP2, P1xPas, P2xPa4
and P2xPs) had low susceptibility, but had not possess high yield potential for
1000-seed weight. For No. of seeds/capsule, three parental genotypes, P2, Ps
and Pes had low or moderate susceptibility over both generations, only two
parents (Ps and Pe) of them possessed high No. of seeds/capsule. Out of 15
crosses, five crosses (PixP2, PixPa4, P2xP4, P3xPs and PsxPs) had low
susceptibility over all generations, while two crosses (P2xPs4 and P3sxPs) of
them own high No. of seeds/capsule. Although, the cross P2xPs possessed
higher seeds number/capsule than other crosses but exhibited high
susceptibility. However, two crosses (P2xPs and PsxPs) exhibited low
susceptibility only in Fs generation.

It can be concluded that, Ps 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 Ps had high No. of
seeds/capsule with high tolerance to salinity. Out of 15 F2 and Fs crosses,
two crosses (PixP2 and P2xPa4) exhibited high or moderate tolerant for seed
weight and its components. While, the cross PsxPs exhibited high tolerance to
salinity for both seed weight and No. of seeds/capsule. However, P1xP4 had
high or moderate tolerance for both 1000-seed weigh and No. of
seeds/capsule.
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