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ABSTRACT

Six diverse [Lirasol (P,), Duplo (P,), cinola-loa (P5), Silvo (P.), Sido
(Ps) and Cresor (Pg)] canola varieties and their 15 F, half diallel crosses were
evaluated for seed yield and its attributes under two palinity levels at Ras Sudr,
South Sinai and normal conditions at Moshtohor, Kalubia. Mean squares due to
general and specific combining ability were significant for all traits studied at
the three environments, suggesting the importance of both additive and non-
additive components of genetic variations. The largest part of the total genetic
variability was a result of additive and additive x additive gene action types for
all traits studied as detected by GCA/SCA ratio. Sedo (Ps) and Canola-103 (P5)
seem to be a good combiners for seed yield and most of its attributes while,
Duplo (P,) was the best one for seed yield and number of siliquas/plant under all
environments studied.

Five, ten and six crosses showed significant positive SCA effects for
seed yield/plant in low salinity, high salinity and normal experiments.
respectively. The three crosses P, x Ps, P; x P4 and Ps x P exhibited significant
positive S;; effects in the three experiments.

From the twenty one diallel set, ten genotypes gave (s) value <1, out of
them, canola-103 (Ps;), P, x P; and P, x Ps; the later two crosses exhibited high
yielding ability under high salinity level. Moreover, P; considered to be a good
combiner for seed yield/plant and one or more of its components under different
environments studied. Hence, selection for both low (S) value and high yielding
capacity at the stress environment would be a useful criterion to exploit more
tolerant genotypes.

High heritability values were detected for all traits studied except
number of racemes/plant in low salinity and number of seeds/siliquae and seed
index in high salinity experiments, revealing that the most of phenotypic
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variability in each trait was due to additive genetic type. Thercfore, a pedigree
selection program for these traits might be quite promising.

Key words: Canola breeding, Salinity stress, Susceptibility index, Diallel crosses,
Genetic parameters, Gene action, Heritability,

INTRODUCTION

Canola (Brassica napus L.) is one of major oil crops in the world. In
Egypt, canola recently hopefully to contribute in reducing oil deficiency gap. The
degree of self sufficiency in plant oil decreased from about 55 31% in 1975 to
about 27.6% in 1992 and will to be about 16,4% in 2000 (Saleh, 1995). For
increasing total production (o bridge this gab between our production and
consumption from edible oil, breeding programs under normal and saline
environments have gained much attention in order to release high productivity
genotypes and mecl the increas.ing demand for oil needs.

The oil production can be increased horizontally by using the salt
affected soils at new desert lands and vertically by increasing productivity per
feddan. Hybridization between widely diverse parental genotypes is one of the
most important procedures for the plant breeder that enables him to isolate new
genetic variabilities and consequently select or synthezise a new variety (Mani
and Rao, 1975),

Information on the relative importance of genmeral and specific
combining ability is important in the development of efficient Canola breeding
programs particularly under the stress conditions. Genetically GCA is associated
with additive genes, while SCA is attributed primarily to non-additive
(dominance and cpistasis). It is very essential that the breeder should evaluate
the potentialities and eventually combining ability have proved to be of
considerable use in crop plants. It will enable to restrict the choice of fewer but
efficient and productive genotypes based on their combining ability for crealing a
highly productive basic core material which will serve as a source material for
fashioning productive varieties required for specific needs.

The diallel analysis as outlined by Hayman (1954) attempts to partition
phenotypic variation into genotypic and environmental components and to
further subdivide genotypic variation into its additive and dominance
components. Those values can be used to draw inferences about the genetic
system. The concept of general and specific combining ability has become
increasingly important to plant breeders because of the widespread use of hybrid
varieties in many crops. The data in these experiments were analyzed using both
Hayman (1954) and Griffing (1956) procedures. Each method provides unique
informaﬁonabmnthcnam:eofthegenedcsyst:m,andwgcdwrtheym
Clearly resolve the mechanisms of inheritance than do each alone. The study was
undertaken to determine the genetic systems affecting seed yield and its
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attributes to gain an insight into the relationships among these traits in order to
facilitate Canola improvement under different environments.

MATERIAL AND METHODS

The genetic material used in this investigation as a parental varietics of
canola were, Lirasol (P;), Duplo (P;), Canola-103 (Ps), Silvo (Py), Sido (Ps) and
Cresor (Pg). These divergent varieties have been screened for salt tolerance
throughout the breeding program of Desert Research Center (DRC). The oil of
such varieties is low in erucic acid (< 2% of total fatty acids moreover, canola-
103 (P3) and Silve (P4) are free from erucic acid under Ras Sudr saline
conditions (Afiah et al, 1999). In 1996/1997 season, all possible cross
combinations excluding reciprocals were made between these parents giving a
total of fifteen crosscs at the Experimental Station of Moshtohor Fac. Agric. Sci.,
Kalubia Governorate. In 1997/1998 season, the half diallel set (15 F, crosses and
their 6 parents) were evaluated under three environments; normal conditions of
Moshtohor and two levels of saline conditions at Ras-Sudr Agricultural
Experiment Station of DRC, South Sinai. Soil and irrigation water analysis at all
environments are shown in Table (1). The three experiments were conducted in
randomized complete block design with three replicates. Each replicate consisted
of two and one ridge for each parent and F, cross, respectively, each ridge was of
four meter length and 50 cm width. Seeds were sown in hills of 25 cm apart on
18th and 23rd October at Moshtohor and Ras Sudr, respectively. After 28 days
from sowing, seedlings werc thinned at one plant/hill. The other cultural
practices were applicd as usually recommended for the ordinary canola ficlds in
cach location. Twelve guarded plants were randomly sampled at harvest for
recording the data of each genotype in all traits studigd, i.e. plant height, number
of racemes/plant, number of siliquas/plant, number of seeds/siliquae, 1000-seed
weight and seed yield/plant.

The stress susceptibility index was computed for yielding ability
according to Fischer and Maurer (1978). Uscful héterosis for each trail of
individual cross were expressed as percent increase of F, performance above the
better parent value using, Mather and Jinks (1982). Estimates of both general
and specific combining ability were computed by method 2, model 1 of Griffing
(1956). Diallel cross analysis proposed by Hayman (1954) was employed to
estimate the relative magnitudes of genetic components of the total variability to
provide sufficient information of the genetic naturc of each trait under
investigation, '

RESULTS AND DISCUSSION
Table (2) presents the analysis of variance for plant height, number of

racemes/plant, siliquas/plant, seeds/siliquac, 1000-seed weight and seed yicld per
plant at high and low salinity levels as well as normal conditions. Significant
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|
differences among genotypes were obtained in all traits and accounted for a
major portion of the phenotypic variation in the three séparate experiments.

The mean performance of the six parental varieties and their crosses for
the studied traits under the three environments are presented in Table (3). For
pumber of racemes/plant and number of seeds/siliquae in the low salinity,
number of seeds/siliquae in normal experiment and 1000-seed weight in high
salinity and normal experiments, all the hybrids were within the range of
parental varictics. The parental varicties P,, P and P. gave the highest values for
plant height in the low, high and normal experiments, respectively. However, the
parents P; in the low and high salinity and Pe in normal experiment had the
lowest values for this trait.

For number of racemes/plant, the two hybrids P, xPsand P, x Ps in
high salinity experiment and P; x P; in normal experiment had significantly
increased mean values relation to best parent.

For number of siliquas/plant, the three crosses P; x Py, P2 X Ps and P> x
Pe in the low and high salinity experiments at six crosses P; X P3, P, x Py P2 X
Ps, P3 x Ps, Py x Ps and P; X Ps in the normal experiment had significant number
of siliquas more than the best parent.

Both crosses P, x Py and P x P, gave the highest number of
seeds/siliquae in the high salinity experiment. Also, Ps and the three crosses Py x
Ps, P2 x P, and Ps x P gave the heavier seeds than all other genotypes studied
under high salinity level. It is worthy to note that P, x P4 F, cross exhibited
higher mean performance for seeds/siliquae under high salinity level than the
low one meantime, its seeds were heavier at low than high salinity level
experiments.

For seed yicld per plant, the two hybrids P, x P; and P; x Ps in the low
and high salinity experiments, three hybrids P; x Py, P2 x Psand P; x Ps in the
normal experiment gave significantly increased mean values relative to their
respective best parent. The high seed yield per plant of the previous hybrids
could be attributed to high one or more of 1000-seed weight, number of
sceds/siliquae, number of siliquas/plant and number of racemes/plant.
Differential responses in seed yield and some of its attributes previously reporied
for F, canola crosses under two planting dates (early and late plantings) by Afiah
{1991) and at two locations (Moscow and Genesec) by Starmer ef al., (1998).

The susceptibility index (S) to high level of salinity stress relative 10
adequate conditions (normal) computed for seed yield/plant (Table 3). Ten
genotypes had (S) value <1, out of them, canola-103 (P3), P, x Py and P; x Ps.
The later two crosses exhibited high yielding ability under high salinity level as
mentinoned before moreover, P; considered to be a good combiner for seed
yield/plant and one or more of ils components under different environments
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studied (Table 4). Hence, selection for both low (S) value and high yielding
capacity at the stress environment would be a useful criterion to exploit more
tolerant genotypes. Similar findings earlier reported by Kelman and Qualset
(1991); El-Saied and Afiah (1998) and Afiah ef al., (1999 b).

Significant mean square values for GCA and SCA were detected in
separate experiments for all studied traits (Table 2), indicating the presence of
both additive and non additive gene effects among the parents. To reveal the
nature of genetic variance which had the greater role, GCA/SCA ratio was
computed and the high values which largely exceeded the unity were detected for
all traits at the three experiments, revealing that the largest part of the total
genetic variability associated with these traits was a result of additive and
additive by additive gene action types. Grosse et al., (1992) tested 21 F, crosses
and their parents at four environments under North German conditions and
found that, the GCA effects werc more important than the SCA effects for all
traits studied except biomas.

Estimates of GCA effects “g” for individual parent in the three
experiments for each trait are presented in Table (4). High positive values would
be interest under all traits in question. The parental variety P, gave significant
positive g effects for seeds/siliquae in the three experiments and plant height at
low and high salinity, The variety P, showed significant positive g; effects for
siliquas/plant and seed vield/plant in the three experiments, racemes/plant at low
and high levels of salinity and sceds/siliquac at high salinity level and normal
conditions. The parental variety P; gave significant positive g, effects for
siliquas/plant and seed yield per plant in the three experiments, seeds/siliquae at
low and high salinity and 1000-seed weight at normal experiment. The parental
variety P, showed significant positive g effects for plant height at the three
experiments and 1000-seed weight at low salinity. The parental variety P; gave
significant positive g effects for racemes, siliquas, seed yield/plant, 1000-seed
weight at the three experiments, and plant height at normal experiment
(Moshtohor location). The parental variety P, showed significant positive g,
effects for 1000-seed weight at the three experiments, plant height at low and
high levels of salinity and seeds/siliquae at normal experiment. It could be
concluded that the variety Ps seems to be good combiner for yield and its
components. Brandle and Mc. Vetty (1989) reported that GCA effects of six
parental canola genotypes differed across three environments for the majority of
traits studied. While, Prakash er al., (1987) detected two out of eight parents of
Indian mustard as good combiners for most of the studied traits.

Specific combining ability effects were computed whenever, significant
SCA variance were obtained (Table 5). For plant height, the two crosses Py x Ps
and Ps x Ps in the three experiments, the crosses P; x P;and P, x Ps at low
salmny, Py, xPg Py xPaand P, x Py at high sahmtyand Py xPg, Pax Ps, P2 x Py
and P; x P, showed significant positive SCA effects,
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For number of racemes/plant, four, eight and eight crosses showed
significant positive SCA effects at low, high and normal experiments,
respectively. Also, the cross Py x Py gave significant positive SCA effect at the
three experiments. Moreover, the crosses P, x P, P, x P; and P, x P; had the
highest values of SCA effects in the same order,

For number of siliquas/plant, both crosses (P, x P3) and (P, x Ps) in the
threc experiments, P, x Ps, P, x Pg, P3 x Py and P, x Pg in low and high salinity,
and P; x Ps, Py x Pgand P, x Ps in the normal experiment showed significant
positive SCA effects.

The cross P, x P in the three experiments, P, X P, P; x Ps, P; x Py and
P; x Ps at low salinity experiment, P; x P5, P; x P3, P; x Ps, P; x Pg, P3 x P4 and
P; x Ps at high salinity experiment and P, x Ps, P, x P; and P; x P; in normal
experiment showed significant positive S, values for number of seeds/siliquae.

For 1000-seed weight, four, five and two crosses showed significant
positive SCA effects at low, high and normal experiments, respectively. The
crosses Ps x Pg, P, x P, and P, x Ps gave the highest best SCA effects in the same
order.

For seed yicld per plant, five, ten and six crosses showed significant
positive SCA effects in low, high and normal experiments, respectively, While,
the three crosses P; x Ps, Py x P, and Ps x P had significant positive SCA effects
in the three experiments. '

In crosses showing high specific combining ability involving only one
good combiner, such combinations would show with desirable transgressive
segregate. Providing that the additive genetic system present in the good
combiner as well as the complementary and epistatic effects in the crosses, act in
the same dircction to reduce undesirable plant characteristics and maximize the
character view. Therefore, most of the previous crossgs might be of prime
importance in breeding program for traditional breeding procedures.

Data were further subjected to the diallel analysis proposed by Hayman
(1954) to obtain more information about the genetic behavior for the traits under
test. The computed parameters for all traits at the three experiments are
presented in Table (6), With the exception of number of siliquas/plant in normal
experiment and 1000-seed weight at low salinity cxperiment, the additive
component (D) reached the significance level of probability for all traits. This
finding is in harmony with that reached above in Table (2). For both exceptional
cases, insignificant (D) values in spite of significant GCA mean squares were
obtained. Dominance may has a role in GCA estimate as emphasized by Jinks
(1954). Morcover, the computed t* was significant (Table 6), revealing the
presence of complementary type of epistasis. Therefore, the contradiction in
magnitude detected herein between D and GCA estimates for both cases, could



108

Annals Of Agric. Sc., Moshtohor, Vol. 37(1), 1999

Table (6): Analysis of genetic parameters in F, half diallel set of canola for
all traits studied under the two salinity levels (low and high) and

normal environments,

Genetic Plant No. of No .of No. of 1000- Seed
parameters | height  branches Siliquas Seeds/sili-  seed yield/
/plant /plant quae weight plant

3 Low | 24897 0.18 88096 4430  0.03 263
D  High | 18679 032" 88.23" 584" 007" 264"
Normal | 181.17" 237" 48464 643" 0045 585"

A Low 31.31 0.09  -20056 -0.28 -0.04 0.76
F High | 10537 -022° -38442 334" 0,05 -0.78
Normal | 9542* -1.07"  -73162" -L15 0.01 4.31°

~ Low 207.15° 038 127168 140" 017" 563
H, High 174877 066" 1230317 2018 046" 368"
Normal | 455.65” 2.67: 3941-3';; 5757 01047 1688

~ Low 195.72 035" 142 10177 0.14 553"
H, High 14406 048 155957 1626 039" 343"
Normal | 33938° 234" 284896" 493" 007" 1224 |

. Low 61.07% 0005 $0157 293 010" 2427
h* High 1.71 0.23 15577 328° 00009 3.29™
Normal | 192.97° 329" 227643  494™ 0003 1965

. Low 421 0.016 4.09 0.095 0.004 0.006
E  High 2.97 0.007 2.61 0.113 0.004  0.005
Normal | 10.14 0.071 43.23 0377 0.006 0.19

. Low 0.85 1.45 1.20 1.60 2.45 1.46
(H/D")High | 0.97 1.42 1.18 1.86 2.54 118
Normal 1.59 1.06 2.85 0.95 1.52 1.70

. Low 0.24 0.23 0.22 0.22 0.21 0.25
Hy/4H, High | 0.21 0.182 0.23 0.20 0.21 0.23
Normal | 0.186 0.22 0.18 0.21 0.18 0.18

. Low 1.14 1.42 0.83 0.96 0.53 0.82
Ko/Ky High 1.82 0.62 0.69 1.36 1.34 0.78
Normal 14 0.65 0.58 0.83 0.82 0.64
Low 0.08 0.64 0.60 043 0.44 0.083

r  High 0.24 0.83 0.39 0.11 0.65 -0.47
Normal | -0.28 -0.63 0.19 -0.73 0.48 0.48
Low 0.01 0.41 0.36 0.18 0.19 0.01

© High 0.06 0.68 0.16 0.013 0.421 0.22
Normal 0.08 0.40 0.04 0.54 0.23 0.23
Low 0.71 036 0.68 0.53 0.56 0.56
h’(ns) High 0.59 0.74 0.70 0.43 0.29 0.68
Normal | - 0.52 0.74 0,60 0.72 0.64 0,70

. Low '3.98 2.26 0.70 3.45 1283 294
¢ High 0.08 1.14 1.47 0.04 0.006 2.28
Normal 0.634 1.42 13.03 0.86 3.60 66.62°

*, ** Denote significance at P<0.05 and 0.01, respectively.
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be attributed to the great role of both allelic and non-allelic genetic types of the
cxpression of both cases.

Significant values for the dominance component H, were obtained for
all the studied traits in the three experiments. This results indicate that both
additive and dominance types of gene action were involved in determining the
performance of single cross progeny in most the studied traits. With the
exception of plant height at low and high salinity experiments and number of
seeds/siliquac at normal experiment, the H, was greater than D suggesting that
non-additive genetic type is more important than the additive genetic one. These
results are in line with those reported by Afiah and Abdel-Sattar (1998). Also,
Thukral and Singh (1987) stated that seed yicld/plant was governed by non-
additive gene effects in 9 x 9 rapeseed diallel cross.

The relative of D and H, cstimated as weight measure of the average
degree of dominance at each locus. With the exception of plant height at low and
high salinity experiments and number of [ sceds/siliquae at normal experiment,
the degree of dominance estimated by (H,/D)® was over dominance which
suggested that the over dominance are important in the inheritance of these
traits. For the exceplional cases partial dominance were detected. Similar results
were obtained by Afiah ef a/., (1999 a) in wheat under saline conditions,

The average frequency of negative vs. positive alleles in parental
population from one quarter were obtained by computing the ratio Hy/4H,.
Values which largely deviate from one quarter were obtained for plant height
and number of racemes/plant at high salinity and normal experiments, number
of siliquas/plant, 1000-sced weight and seed yield per plant at normal
experiment, and number of seeds/siliquae at high salinity experiment, revealing
that negative and positive alleles were unequally distributed among the parents.
The symmetry vs. asymmetry in gene frequency was also examined by
estimating the F component. Significant positive F values were detected for plant
height at high salinity and normal experiments, and number of sceds/siliquae at
high salinity experiment, revealing asymmetry with dominance alleles being
more frequent. However, significant negative F values were obtained for number
of raccmes/plant at high salinity and normal experiment, number of
siliquas/plant and seed yicld/plant at normal experiment, revealing that
asymmetry with recessive alleles being more frequent. The same conclusion
could agam be drawn from the corresponding proportion [(4DH,)** + F /
(4DH,) - F] gene distribution was previously recorded for some traits by
Thukral and Singh (1987) in canola and by Afiah ef al,, (1999 a) in wheat under
two salinity levels. :

The over all dominance effects of heterozygous loci symbolized as b
were computed for all the studied traits in the three experiments. Significant h’
values were reached herein in number of siliquas/plant, number of seeds/siliquae
and sced yield per plant in the three experiments, plant height at low salinity and
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normal experiments, number of racemes/plant in the normal experiment and
1000-seed weight at low salinity experiment, indicating that dominance was
unidirectional. Appreciable heterotic effects were previously reported by Thukral
and Sagwal (1997)

Heritability in narrow sense was computed according o Mather and
Jinks (1982). High heritability values were detected for all traits studied exccpl
number of racemes/plant in low salinity experiment, number of sceds/siliquae
and 1000-seed weight in the high salinity experiment, revealing that the most of
phenotypic variability in each trait was duc to additive genetic type. Therefore, a
pedigree selection program for these traits might be quite promising. For the
exceptional cases, moderate or low heritability values were obtained. Campbell
and Kondra (1978) obtained low heritability for seed yield and its components in
parents, F, and F; of three oilsced rape crosses.
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