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Abstract

Combining ability and stability performance for seed yield/plant
and its component traits viz., capsules/plant, seeds/capsule and 1000-
seed weight were studied in the F3 and F4 generations of 36 diallel
crosses involving nine flax parents over three diverse environments.

GCA/SCA mean squares indicated that both additive and non- ad-
ditive gene effects governed the inheritance of seed yield/plant and its
three component traits. However, additive was more important than
non-additive genetic variance in the genetic expression of 1000-seed
weight, seed yield/plant and capsules number/plant. On the other hand,
non- additive was more important than additive genetic variance in the
inheritance of seeds/capsule. Significant GCA x E interaction indicated
that the additive effects were not stable over environments, hence
more than one test environment is required to obtain reliable informa-
tion for seed yield/plant and its components. On the contrary, SCA x E
interaction was not significant for seed yield /plant and seeds/capsule
indicating that the non-additive effects governing these two characters
were less distorted by environmental fluctuations. Giza-8 and S.2419/1
were good combiners for seed yield/plant, capsules/plant and 1000-
seed weight, whereas Ariane-R3 was good combiner for seeds/capsule.
Nine out of the 36 studied crosses showed positive and significant SCA
effects for seed yield/plant or its three components over environments
in both F3 and F4 generations. Two out of these nine superior crosses,
Giza 8 x Ariane-R3 and $.2419/1 x Ariane-R3 involved high x high gener-
al combining parents for seed yield /plant and one or more of its compo-
nents. Moreover, the cross S.2419/1x S.148/6/1 showed positive and
significant SCA effects for seed yield /plant plus two of its components
1000-seed weight and seeds /capsule. Stability analysis showed that
the five crosses, (Giza 7 x Giza 8, Giza 7 x S.2419/1, Giza 8 x $.2419/
1, Giza 8 x S.148/6/1 and S.2419/1 x S.148/6/1) were consistent for
seed yield /plant and its two important components, 1000-seed weight
and capsules/plant in F3 and F4 generations. Hence these five crosses
were considered adapted and may be useful as potential breeding mate-
rial for developing crosses with stable seed yield /plant in later genera-
tions. It concluded that early generation for yield and stability perfor-
mance would provide reliable information for improving seed yield in flax.

INTRODUCTION

Gene effects are known to be influenced by environmental variation to a large
extept. Several workers have reported significant interaction of GCA effects with sea-
sons and locations in flax (Shehata and Comstock, 1971; Patil and Chopde, 1981 and
Abo-El Zahab et al., 2000). Repeatability of GCA estimates over environments and the
variability of better estimates from F2 generations indicated that it may be advisable



1674 EVALUATION OF YIELD AND STABILITY IN EARLY GENERATIONS. Ii. SEED
YIELD AND ITS COMPONENTS

In crops such as flax (Linum usitatissimum L.) the small quantities of crossed
seed produced by hand pollination prohibit adequate testing in the F; generation and
combining ability studies would, therefore, be easier in the F, or F generations, in
which there is usually ample seed (Shehata and Comstock, 1971; Bhullar ef al.,1979
and Patile and Chopde,1981) .

Researchers need a statistic that provides a measure of stability or consistency
of performance across a range of environments, particularly one that reflects the con-
tribution of each genotype to the total GE interaction. Recently, Kang (1993) devel-
oped a yield - stability (Ys ;) statistic which is used as a selection criterion when GE in-
teraction is significant. Keeping these points in view, the present investigation was
conducted in the F3 and F4 generations over three environments to predict the breed-
ing potentialities of 36 diallel crosses in flax.

MATERIALS AND METHODS

The materials used for the present investigation consisted of 36 possible diallel
crosses among nine flax genotypes (the full details of these crosses in Fy and F, gen-
erations were tested by Abo-Kaied, 1999). These nine parents included two standard
cultivars (P4=Giza 7 and P»=Giza 8), five advanced experimental strains, (P3=S.2419/
1, P4=S.2656/1, P5=S.148/6/1, Pg=S.237/1 and P3=S.110/3) and two introductions
(Pg=Gawhar-552 and Pg=Ariane-Rg) .

In 1999/2000 season, a part of the F, seed bulks of the 36 diallel crosses was
used to evaluate their F3 progenies at Giza, Gemmiza and Zarzoora experiment stations
of the Agricultural Research Center; located at Giza, Gharbia and El-Beheira Governo-
rates, respectively. In 2000/2001 season,the other part of of the F, seed bulks of the
36 diallel crosses in addition to their F3 of seed bulks resulting from 1999/2000 sea-
son were used to evaluate the F3 and F4 generations at the three previous experiment
stations. The experiments were laid out in a randomized complete block design with 3
replications, and a restricted randomization where each plot consisted of two rows for
each cross in F3 and F4 generations. Rows were 2m long, 20 cm apart, plants spaced 5
cm apart. Ten random guarded plants plot from each F3 and F, p were used to measure
seed yield per plant, number of capsules per plant, number of seeds per capsule and
1000- seed weight .

Plot means were used for statistical analysis. Data from each environment (years
and 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 environments effect was assumed to be fixed.

General (GCA) and specific (SCA) ¢ombining abilities were calculated according
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to Griffing’s method 4, model 1. Forms of analysis for individual environments as given
by Griffing (1956) and for combined analysis as suggested by Singh (1973) were used.

Data were subjected to yield - stability (Ysi) analysis as outlined by Kang (1993)
according to the program developed by Kang and Magari (1995).

RESULTS AND DISCUSSION
Combining ability:

Mean squares due to GCA effects for seed yield/plant and its components viz.,
capsules / plant ,1000- seed weight and seeds/ capsule were significant in both F3,Fy
generations for each environment and over environments (Table 1) except for No. of
seeds/ capsule in E4 in both F3,F4 generations in 2000/2001 and E in F4 only. Howev-
er, SCA mean squares were significant for seed yield and its components for individual
environments and combined over environments except for E; in both seasons and E; in
both F3 and F,4 generations in 2000/2001 for seed yield/plant. Also, SCA mean square
for capsules/plant (E) in F4 generation was not significant.

The ratios of GCA/ SCA mean squares were significant in E; and E3 in both Fa
and F4 generations and over environments for seed yield/plant, except for the com-
bined analysis in F3 generation. Moreover, GCA/ SCA mean squares were significant for
1000-seed weight at all environments and combined over environments in both genera-
tions. These results indicated that both additive and non — additive effects were in-
volved in the inheritance of seed yield/plant and 1000-seed weight. However, the ad-
ditive effects were more important than non — additive for these traits. In spite of the
significant GCA and SCA mean squares for capsules/plant at all environments ,except
for E in F4 generation, and combined over environments ;the ratios of GCA/ SCA mean
squares were not significant at most environments and combined analysis in both Fg
and F,4 generations. Seeds/capsule gave similar results to capsules/plant. A comparison
of the magnitude of GCA mean squares for capsules /plant and seeds/capsule shows
that both additive and non —additive genetic effects governed the inheritance of these
two traits. Furthermore, non-additive genetic variance seemed to be more important
than additive in the genetic expression of seeds /capsule. Murty and Anand 1966; Mur-
ty et al., 1967; Mourad, 1977; El-Farouk et al., 1998; and Abo-El-Zahab et al., 2000 re-
ported similar results.

Combining ability x environment interactions:

Mean squares of general combining ability by environments (GCA x E) interaction
were éigniﬁcant for seed yield and its components in both F3 and F, generations with
the exception of seeds/capsule in F,. Likewise, significant specific (SCA x E) was de-
tected for 1000-seed weight in both generations and capsules / plant in F5 generation
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only. On the other hand, SCA x E interactions for seed yield /plant and seeds/capsule
were non-significant in both generations and for capsules / plant in F4 generation only.
The consistency of GCA x environment interaction for seed yield/plant, capsules/plant
and1000-seed weight suggests that the additive effects were no more stable over en-
vironments for these traits. On the contrary, non-additive genetic variance was less dis-
torted by environmental fluctuation as the SCA x E interactions were not significant for
seed yield/plant and seeds/capsule in both generations. Similar results were reported
by Shehata and Comstock, 1971; Patil and Chopde,1981 and Abo- El Zahab et al,
2000.

GCA effects:

Estimates of GCA effects are presented in Table 2. P, (Giza 8) and P3 (S.2419/
1) showed significant and positive GCA effects for seed yield/plant, capsules/plant and
1000-seed weight in F3 and F4 generations over individual environments and over envi-

ronments.

The GCA estimates of these parents were consistent over generations, indicating
that the F3 data may give reliable indication of combining ability for seed yield and its
components viz., capsules / plant, seeds/capsule and 1000-seed weight.

P, (Ariane-R3) gave significant and positive GCA effects in both generations for
seeds/capsule in individual environments and combined over environments. Similar re-
sults were obtained by Abo — EL Zahab ef al., (2000).

SCA effects :

Out of the 36 crosses evaluated in F; and F4 generations, two crosses viz., P3x
PS5 and P,x P8 revealed positive and significant SCA effects for seed yield /plant in
most individual environments and over environments in both generations (Table3) .

The five crosses Pg, P3 x Pg, Py x Pg, Ps x Pz and Pg x Pg, showed significant and
positive SCA effects in F3 and F,4 generations for 1000-seed weight over individual en-
vironments and over environments. The three crosses P, x P7, P; x Pg and P3 x Pg,
gave positive and significant SCA effects for seeds/capsule. The two crosses PxP; and
P,xPg exhibited significant and positive SCA effects for capsules/plant in most individu-
al environments and combined over environments in both generations. It could be no-
ticed that two out of these nine crosses ,which showed positive and significant SCA ef-
fects for seed yield/plant and its three components across environments in both Fj
and F,; generations, i.e. P» x Pg and P3 x Pg resulted from crossing parents that have
high GCA effects for yield or yield components. In addition, the three crosses P x P7,
P, x P8 and P53 x Pg included at least one parent as high general combiner for seed
yield. Bhatade and Bhale (1983) mentioned that hybrids which involved high x high
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GCA combiners represented additive x additive type of interactions and these crosses
may yield transgressive segregates in later generations.

Also data indicated that the cross P3 x Ps may yield transegressive segregates in
later generations, because it exhibited significant SCA effects for seed yield/plant and
its two components viz., 1000-seed weight and seeds/capsule. Similar results were re-
ported by Abo-El-Zahab et al. (2000).

Stability measurement:

Mean squares from the individual environments (E) and combined variances over
environments are given in Table 1. Highly significant variance due to crosses (C) re-
vealed the presence of genetic variability in the material under investigation (86 cross-
es) for seed yield/plant and its components. Variances due to C x E interaction as well
as environment were found to be significant and positive for these characters indicat-
ing differential expression of crosses over environments.T herefore, it is important to
give ample consideration to C x E interaction effect while breeding flax to improve
seed yield.

The variances due to heterogeneity (C x E- linear) were significant for seed
yield/plant and its components viz., 1000-seed weight, capsules/plant and seeds/
capsule in both generations, indicating that these crosses differed genetically in their
response to different environments when tested with pooled deviation.

The variance due to the pooled deviation from regression (residual) was signifi-
cant for all traits in both generations with the exception of 1000-seed weight, and cap-
sules/plant in F4 only. A portion of C x E interaction sum of squares was non linear, in-
dicating that crosses differed with respect to their stability and that the prediction
would be difficult, which means that selection of cross combinations on the basis of
mean performance alone would not be appropriate. In such situations, methods that
combine yield and stability of performance are useful (Bachireddy et al., 1992).

Data presented in Table 4 show that, out of 36 crosses in this study 8 crosses
for seed yield/plant, 14 crosses for capsules/plant and 15 crosses for 1000-seed
weight were identified to be superior over generations by measuring yield and stability
criterion(YS;). Five out of these crosses, (P4 x Py, Py X Pg, Py X P3, Po x Pg and Pax Pg)
remained consistent for seed yield /plant and its two important components, 1000-
seed weight, capsules/plant in F3 and F4 generations. Hence these crosses were consid-
ered adapted crosses in both generations and may be useful as potential breeding ma-
terjal for developing crosses with stable seed yield. Moreover, the cross P3xP5 exhibited
significant positive SCA effects for seed yield /plant and its two components,1000-
seed weight and seeds/capsule as well as stability measurement.
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The aforementioned results show that evaluation of combining ability as well as
stability measurement in early segregating generations is possible to obtain necessary
information for improving seed yield in flax.
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