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ABSTRACT

Six genotypes of flax representing different agronomic characters were crossed in a half-diallel
model in 2009/2010 winter season. The six parents and their 15 F| crosses were evaluated in
2010/2011 and 2011/2012 seasons to study the combining ability and mode of gene action for yield
and its components traits of flax. The results indicated clearly that mean squares of genotypes,
general and specific combining ability were highly significant for all studied traits in both seasons
and their combined data, except general combining ability for capsules No. plant™ in both seasons
and No. of basal branches plant™ in the second season were insignificant. The GCA/SCA ratio was
more than unity for days to the first flower, plant height and technical length, indicating that these
traits are predominantly controlled by additive gene action. Whereas, GCA/SCA ratio was less than
unity for No. of basal branches plant™, No. of capsules plant™, 1000-seed weight, seed yield plant™
and straw yield plant™, indicating that these traits are mainly controlled by non-additive gene
action. The best general combiners were P1 (32) for straw vield, plant height and technical length;
P5 (Hermis) for seed and straw yields; P4 (Bleinka) for seed yield plant™ and 1000-seed weight.
Eight crosses and nine crosses showed significant or highly significant and positive SCA effects for
seed yield plant™ and straw vield plant™, respectively, indicating that these crosses were the best
combinations for increasing seed and straw vields.
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INTRODUCTION

Flax (Linuwm usttatissimum L.) 1s considered the most important past fiber crop in Egypt since
several thousand years ago. Choice of parents for crossing is considered an important step in any
plant breeding program aimed at improving vield and related attributes. Combining ability analysis
is an important tool for the selection of desirable parents together with the information regarding
to the nature and magnitude of gene effects controlling quantitative traits. It i1s important to
accurately estimate the magnitude and relative proportion of the various components of genetic
variance in order to understand the underlying type of gene action that controls the trait of
interest, for example General Combining Ability (GCA) variance is a measure of additive effects of
genes and of additive x additive epistatic interaction, while Specific Combining Ability (SCA)
variance is measure of dominance and epistatic types of gene action. Many researchers studied the
combinming ability in flax, 1.e., Patil ef al. (1997), Foster ef al. (1998), Abo Kl-Zahab and Abo-Kaied
(2000), Abo-Kaied (2002) and El-Kady and Abo-Kaied (2010), they found that additive genetic
variance had more important role in the inheritance of straw yield, plant height, technical stem
length and 1000-seed weight. On the other hand, non-additive variance had an important role in
the inheritance of No. of basal branches plant™, seed vield plant™ and capsules number
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plant™ as reported by Shehata and Comstock (1971), Patil and Chopde (1981), Zahana (2008),
Abo-Kaied et af. (2007) and El-Kady and Abo-Kaied {2009), While, Mishra ef al. (2013) reported
that GCA/SCA were less than 1 revealed the importance of non-additive gene action in the
inheritance of all seed yield and its components traits.

Mohammadi et al. (2010) showed that additive gene actions had greater effects on inheritance
of days to flowering, plant height, primary branches per plant and 1000-seed weight. However,
number of capsules per plant was largely controlled by dominance genetic effects, whereas both
additive and non-additive gene actions were important in genetic control of seed vield plant™.
Therefore, the present investigation was designed to estimate the combining ability effects and the
mode of gene action in the inheritance of some traits in six parental foreign flax genctypes and
their 15 F, crosses during two growing seasons.

MATERIALS AND METHODS

The genetic materials used in this investigation as parents included six foreign genotypes of
flax. The parent's names and their origin are presented in Table 1.

In 2009/2010 winter season, the six parental genotypes were sown at various dates in order
to overcome the differences in flowering time. All possible cross combinations excluding reciprocals
were made among the six genotypes, giving 15 F, crosses. The parents and their F| crosses were
evaluated in the Farm of Agron, Department of Agronomy, Faculty of Agriculture, Mansoura University,
Egypt during two growing seasons, 2010/2011 and 2011/2012. The experiments were laid cut in a
randomized complete block design with three replications. Each plot consisted of one row for parents
and its F, crosses. Rows were 3 m long and spaced 20 em apart. Single seeds were hand drilled at
5 em spacing within row. All other cultural practices were applied as recommended for flax
cultivation. At harvest, individual guarded plants were taken at random from each row; 10 plants

from each parent and F, per replication for recording the studied traits.

Studied traits: Days to first flower (day), plant height (cm), technical length {em), No. of basal
branches plant™, No. of capsules plant™, 1000-seed weight (g), seed vield plant™ (g) and straw
vield plant™ (g).

Statistical analysis: The data obtained for each trait was analyzed on plot mean basis in both
parents and F, generation. All obtained data was subjected to the statistical analysis of the
randomized complete block design to test the differences among various genotypes under each
season according to Snedecor and Cochran (1980). Combined analysis was performed between the

Table 1: Flax genotypes names and their origin

Parent. Name Origin (From impaorted)
P1 8, India

P2 8g India

P3 Escalina Holland

P4 Bleinka Holland

P5 Hermis Belgicea

P6 Leflora Island

154



Int. J. Plant Breed. Genet., 8 (3): 153-163, 2014

Tahble 2: Analysis of variance from method 2 model 1 and expected mean squares for combining ahility analysis

sV df MS EMS

GOA P-1 Mg QP H(P+2) (I/P-1)T gl
SCA P (P-1)/2 Ms oZe+2/P (P-1)¥1 ¥j 8%j
Error (r-1) (c-1) Me a’e

Me: Error mean squares of the main randomized complete block design divided by number of replications (Me: Me#), P: Number of

parents

two seasons to indicate the seasonal year effects. Treatments were compared using the Least
Significant Differences values (LSD) at 5% probability according to Gomez and Gomez (1884). An
ordinary analysis using Griffing (1956) method 2 model 1 (fixed effects) was applied to estimate
General Combining Ability (GCA) and Specific Cambining Ability (SCA) effects, as shown in
Table 2.

RESULTS AND DISCUSSION

Analysis of variance for the studied traits under both seasons and their combined data are
presented in Table 3. The results indicated clearly that mean squares of genotypes were highly
significant for all studied traits in both seasons and their combined data. These results reflected an
indication to the presence of real differences between the studied genotypes for these traits. General
(GCA) and specific (SCA) combining ability mean squares presented in Table 3 were highly
significant for all studied traits in both seasons and their combined data, except general combining
ability for No. of capsules plant™ in both seasons and No. of basal branches plant™ in the second
season were insignificant.

The GCA/SCA ratio was more than unity for each of days to first flower, plant height and
technical length in both seasons and their combined data (Table 3), indicating that these traits are
predominantly controlled by additive gene action. Therefore, it could be concluded that selection
procedures based on the accumulation of additive gene effect would be more effective in the early
segregating generations for improving these traits. These results are in general agreement with
those previously reported by Foster ef al. (1998), Abo El-Zahab and Abo-Kaied (2000), Abo-Kaied
{2002), El-Kady and Abo-Kaied (2010) and Mohammadi ef «l. (2010}, On the other hand,
GCA/SCA ratio was less than unity for each of No. of basal branches plant™, No. of capsules
plant™, 1000-seed weight, seed vield plant™ and straw yield plant™ traits in both seasons and their
combined data (Table 3), indicating that these traits are mainly controlled by non-additive gene
action. Therefore, it could be concluded that hybridization procedures based on dominance gene
effect would be more effective for improving these traits. Similar results in general reported
previously by Shehata and Comstock (1971), Patil and Chopde (1881), Zahana (2008),
Abo-Kaied et al. (2007, El-Kady and Abo-Kaied (2009) and Mishra et al. (2013).

Mean performance of genotypes: Data in Table 4 indicated that the P4 (Bleinka) and crosses
P2xPs, P3xPh and P4xP5 were the earliest in flowering in both seasons and their combined data.
P1 (52) and P3 (Escalina) and crosses P1x3, P1x4 and P2x3 gave the highest values of plant height
in both seasons and their combined data. The parent P1 (32) and crosses P1x3 and P1x5 gave the
highest values of technieal length in both seasons and their combined data. Farents P4 (Bleinka)
and P5 (Hermis) and crosses P2x4, P2x3, P1x3 and P5x6 gave the highest values for No. of basal
branches plant™ in both seasons and their combined data. Parents P1 (S2) and P8 (Leflora) and
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Table 3: Mean squares from analysis of variance, for general and specific combining abilities for all studied traits in the 1* and 2

seasons and their combination

df Days to first flower (day) Plant height (cm)
S.0V Single Combination 1% season 2nd season Combination 1% season 2 geason  Combination
Rep. 2 5 1.06 2.71 28.34 19.06 31.49 773.75
Genotypes 20 20 12.69” 11.21™ 23.22" 211.80™ 131.407 318.107
GCA 5 5 5507 5.63" 5.407 120.74™ 80.58" 95.13"
SCA 15 15 3.81" 3.10" 3.36" 53.88™ 31.537 38.97"
Error 40 100 0.11 0.10 0.06 6.97 3.98 3.03
GCA/SCA - - 1.44 1.82 1.61 2.24 2.66 2.44

df Technical length (cm) No. of basal branches plant™
S.0V Single Combination 1% season 2nd geagon Combination 1% season 24 geason  Combination
Rep. 2 5 6.49 10.11 135.60 0.57 0.05 3.46
Genotypes 20 20 166.50” 159.40 324.70° 2147 1.257 3.22"
GCA 5 5 108.12" 10144 104.68" 0.56" 0.18 034"
SCA 15 15 37.98" 37.01" 37.27" 0.77" 0.50" 0.60"
Error 40 100 5.47 3.79 1.89 0.21 0.11 0.07
GCA/SCA - - 2.85 274 281 0.73 0.36 057

df No. of capsules plant™ 1000-seed weight. ()
S.0V Single Combination 1% season 2nd geagon Combination 1% season 2dgeason  Combination
Rep. 2 5 17.71 16.30 138.90 1.103 2.89 57.90
Genotypes 20 20 283.80™ 242.00™ 523.30™ 50,95 50.397 103.40™
GCA 5 5 10.05 5.17 7.38" 15.76™ 7377 9.79™
SCA 15 15 122.79" 105.85™ 113.84" 21.39” 19.93" 19.717
Error 40 100 4.21 3.99 1.72 0.02 0.25 0.29
GCAMSCA - - 0.08 0.05 0.06 0.74 0.37 0.50

df Seed yield plant™! (g) Straw yield plant™? (g)
S.0V Single Combination 1% season 2 season Combination 1% geason Pigeason  Combination
Rep. 2 5 0.312 0.617 10.07 1.36 2.30 19.52
Genotypes 20 20 28.01" 22.68™ 49.97" 100.40™ 90.50 190.60™
GCA 5 5 5.987 5817 5817 26.63" 20.857 23637
SCA 15 15 10.46™ 8.14" 9.17" 35.76™ 33.277 3447
Error 40 100 0.00 0.03 0.30 0.15 0.11 0.07
GCA/SCA - - 0.57 0.71 0.63 0.74 0.63 0.69

* ¥*Qienificant at 0.05 and 0.01 levels of probability, respectively

crosses P2x4, P3x4, P1xb, P4xbH and PbHx6 gave the highest values for No. of capsules plant™
in both seasons and their combined data. The parent P56 (Leflora) and cross P3x P86 gave the highest
values of 1000-seed weight in both seasons and their combined data. The parent P5 (Hermis)
and cross P4xb gave the highest wvalues for seed yield plant™ in both seasons and
their combined data. The parents P1 (32) and P2 (S5) and the crosses P1x2 and P4x5 gave the
highest values of straw yield plant™ in both seasons and their combined data, as shown in

Table 4.
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Table 4: Mean performance of flax genotypes (parents and their 15 F; crosses) for all studied traits in the 1% and 2" seasons and their

combination

Daxs to first flower Plant height (cm) Technical length (cm)

Genotypes 1t season 2"'season Combination 1%season 2*%season Combination 1%season 2*'season Combination
P1(82) 93.67 92.33 93.00 115.0 106.7 110.8 72.33 68.33 70.33
P2(85) 93.67 91.33 92.50 110.0 100.0 105.0 66.67 62.00 64.33
P3 (KHscalina) 94.67 91.67 93.17 115.0 104.0 109.5 61.67 56.67 59.17
P4 (Bleinka) 89.67 87.67 88.67 100.0 91.7 95.8 51.67 48.67 50.17
P5 (Hermis) 92.33 89.67 91.00 116.7 98.3 107.5 63.33 58.00 60.67
P6 (Leflora)  94.00 91.33 92.67 100.0 95.0 97.5 58.33 53.33 55.83
P1xP2 93.67 92.67 93.17 118.3 110.0 114.2 69.33 62.67 66.00
P1xP3 89.33 87.67 88.50 127.7 116.7 122.2 76.67 71.67 7417
P1xP4 93.33 91.67 92.50 126.7 118.3 122.5 75.67 72.00 73.83
P1xP5 92.33 90.33 91.33 125.0 111.7 118.3 76.67 71.67 7417
P1xP6 93.67 91.67 92.67 121.7 106.7 114.2 75.00 70.00 7250
P2xP3 90.67 89.67 90.17 128.3 111.7 120.0 73.33 69.67 7150
P2xP4 90.33 88.67 89.50 117.0 103.3 110.2 70.00 66.00 68.00
P2xPh 91.67 88.33 90.00 114.7 101.7 108.2 70.00 66.67 68.33
P2xP6 89.33 86.67 88.00 113.3 101.7 107.5 61.67 56.67 59.17
P3xP4 89.33 87.33 88.33 125.0 111.7 118.3 75.00 70.00 7250
P3xP5 88.67 87.33 88.00 113.3 102.3 107.8 71.67 66.67 69.17
P3xP6 94.33 91.33 92.83 111.7 103.3 107.5 63.33 59.67 61.50
P4xPh 88.67 87.33 88.00 122.7 106.0 114.3 63.33 58.67 61.00
P4xP6 91.67 89.33 90.50 108.3 101.7 105.0 63.33 58.33 60.83
PExP6 93.33 91.00 9217 105.0 103.3 104.2 53.33 53.33 53.33
LSD, o5 0.95 0.90 0.71 7.54 5.70 4.88 6.68 5.67 3.85
LSD, o 1.27 1.21 0.54 10.09 7.63 6.46 8.94 7.45 510
No. of basal branches plant™ No. of capsules plant™ 1000-Seed weight (g)
Genotypes 1" season 2"¢season Combination 1% season 2*%season Combination 1%season 2*‘season Combination
P1(82) 4.333 3.33 3.833 38.33 33.33 35.83 27.03 23.67 25.35
P2 (S8 3.667 3.00 3.333 23.33 19.67 21.50 25.00 23.00 24.00
P3 (Escalina) 3.333 3.00 3.167 31.67 26.67 20.17 28.80 25.33 27.07
P4 (Pleinka) 4.667 3.33 4.000 33.33 28.33 30.83 32.73 30.23 31.48
P5 (Hermis) 4.333 3.67 4.000 23.33 19.67 21.50 30.30 28.50 20.40
P6 (Lieflora)  4.333 3.33 3.833 38.33 33.33 35.83 38.90 26.77 32.83
P1xP2 5.333 4.33 4.833 35.00 33.33 34.17 28.20 25.67 26.93
P1xP3 5.333 4.67 5.000 28.33 27.33 27.83 34.03 31.63 32.83
P1xP4 4.333 4.00 4.167 25.00 21.33 23.17 26.70 23.93 25.32
P1xPh 4.667 4.00 4.333 48.33 43.33 45.83 33.63 31.00 32.32
P1xP6 3.333 3.00 3.167 36.67 31.67 34.17 28.70 25.67 27.18
P2xP3 5.667 4.67 5.167 38.33 33.33 35.83 34.67 32.33 33.50
P2xP4 6.333 5.00 5.667 55.33 48.33 51.83 34.63 31.33 32.98
P2xP5 4.667 4.00 4.333 45.00 40.33 42.67 33.97 31.33 32.65
P2xP6 5.333 4.33 4.833 41.67 36.67 39.17 32.23 30.00 31.12
P3xP4 5.000 4.33 4.667 51.67 46.67 49.17 31.00 28.67 20.83
P3xPh 4.000 3.33 3.667 31.67 26.67 2017 21.93 19.77 20.85
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Tahle 4: Continue

P3xP6 3.000 3.00 3.000 45.00 40.00 42.50 37.87 35.27 36.57
P4xPh 5.000 4.33 4.667 48.33 43.33 45.83 34.80 32.12 33.46
P4xP6 4.000 3.67 3.833 25.00 21.67 23.33 34.13 32.27 33.20
PExP6 5.333 4.67 5.000 48.33 43.33 45.83 24.73 22,73 23.73
LSDy s 1.32 0.92 0.74 5.86 5.71 3.68 0.38 1.44 1.50
LSDg o 1.76 1.24 0.98 7.85 7.64 4.87 0.51 1.92 1.98
Seed vield plant™! (g) Straw yield plant™? (g)

Genotypes 1% geason 2 season Combination 1% geason 2% geason Combination
P1(82) 6.15 5.10 5.62 21.69 19.49 20.59
P2 (85) 6.94 6.10 6.52 17.37 15.38 16.38
P3 (Escalina) 6.51 5.36 5.93 12.66 11.27 11.96
P4 (Bleinka) 7.34 7.38 7.36 13.81 12.61 13.21
P5 (Hermis) 9.96 8.86 9.41 15.48 13.96 14.72
P6 (Leflora) 7.78 6.32 7.05 14.99 14.28 14.63
P1xP2 11.96 10.22 11.09 32.63 30.51 31.57
P1xP3 11.54 10.03 10.79 24.69 22.35 23.52
P1xP4 8.84 7.53 8.18 25.16 22.93 24.05
P1xP5 11.66 10.20 10.93 28.67 26.62 27.60
P1xP6 9.23 8.13 8.68 21.72 20.22 20.97
P2xP3 14.24 12.80 13.52 21.65 20.21 20.93
P2xP4 14.56 12.47 13.51 20.38 19.30 19.84
P2xPh 10.81 9.40 10.11 18.50 17.43 17.96
P2xP6 9.49 8.30 8.90 17.63 16.53 17.08
P3xP4 9.83 8.15 8.99 24.36 2232 23.34
P3xP5 11.79 10.50 11.14 23.81 21.62 2271
P3xP6 13.15 11.23 12.19 25.86 24.08 24.97
P4xPh 17.91 15.76 16.83 33.60 31.82 32.71
P4xP6 9.30 10.28 9.79 15.81 14.42 15.12
PExP6 14.50 13.31 13.90 22.66 20.33 21.49
LSD, 0 017 0.48 0.49 1.12 0.94 0.71
LSDyu 0.22 0.64 0.64 1.50 1.26 0.94

Estimates of General Combining Ability effects (GCA): Data in Table 5 indicated that the
parents P4 (Bleinka) and P5 (Hermis) showed high significant and negative GCA effects for days
to the first flower in both seasons and their combined, indicating that these parents could be
considered as good combiners for earliness. For plant height and technical length, P1 (82) and P3
{(Escalina) showed high significant and positive GCA effects in both seasons and their combined,
indicating that these parents could be considered as good combiners for tallness of plant height and
technical length. For No. of basal branches plant™, P2 (Sh) gave significant and highly significant
positive GCA effects in the first season and combined, respectively, indicating that. this parent, could
be considered as good combiner for this trait. For No. of capsules plant™, P4 (Bleinka) and P6
{Leflora) showed significant positive GCA effects in combined data, indicating that these parents
could be considered as good combiners for this trait. For 1000-seed weight, P4 (Bleinka) gave highly
significant positive GCA effects in the two seasons and combined, indicating that this parent could
be considered as good general combiner for increasing the weight of seeds. For seed yield plant™,
P4 (Bleinka) and P5 (Hermis) showed high significant and positive GCA effects in both seasons and
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Table 5: Estimates of GCA effects of six parents flax genotypes for studied the traits in the 1% and 2 seasons and their combination

Days to first flower Plant height (cm) Technical length (cm)
Traits
Parents 1*season 2**season Combination  1*season 2" season Combination 1% season 2 season Comhbination
P1(S2) 0.85™ 1.29” 1.08™ 4.69™ 518" 4,947 5.907 5.607 5.80™
P2 (S8 0.03 0.04 0.03 -0.01 -0.86 -0.44 0.86 0.82 0.84
P3 (Kscalina) -0.14 -0.217 017 3.037 2317 267" 1.57 1.49" 1.537
P4 (Pleinka) -1.26" -1.08™ -1.17° -1.51 -1.36 -1.44° -2.517 -2.107 -2.31"
P5 (Hermis) -0.43" -0.58" -0.517 0.28 -1.69" -0.71 -1.14 -1.18 -1.168"
P6 (Leflora) 0.94” 0.547 0.74" 6,47 357" 5.02" -468" 472" 470"
LSD 5 (i)t 0.22 0.21 0.16 1.72 1.30 1.11 1.53 1.27 0.87
LSDg; (1) 0.29 0.28 0.22 2.30 1.74 1.47 2.04 1.70 1.16
LSDyos(gi-gj)?  0.34 0.32 0.25 2.67 2.02 1.72 236 1.97 1.37
LSDy nilgi-2j) 0.45 0.42 0.33 3.57 2.70 2.28 3.16 2.63 1.87

No. of basal branches plant™ No. of capsules plant™ 1000-seed weight (g)
Traits
Parents 1* geason 2**season Combination 1% season 2" season Combination 1% season 2**season Combination
P1(S2) -0.04 -0.42” -0.04 -L75 1.14 1447 -1.58" -1.48” -1.53"
P2 (S8 0.33" 0.17 0.25™ -0.25 -0.18 -0.22 -0.547 -0.05 -0.29
P3 (Escalina) -0.29 -0.13 -0.21" -0.71 -0.68 -0.69 -0.117 0.16 0.02
P4 (Pleinka) 0.25 0.13 0.19" 1.00 0.65 0.83" 1.097 1.46™ 1.28"
P5 (Hermis) 0.04 0.08 0.06 0.54 0.44 0.49 -1.047 -0.39" -0.72"
P& (Leflora) -0.29 -0.21° 0.25" 1.17 0.90 1.03" 2.18" 0.30 1.247
LSD 05 (i) 0.30 0.21 0.16 1.33 1.29 0.83 0.08 0.32 0.34
LSDg; (1) 0.40 0.28 0.21 1.78 1.73 1.10 0.11 0.43 0.45
LSD s (gi - gi)? 0.47 0.33 0.26 2.08 2.02 1.31 0.14 0.51 0.54
LSDy (gi-gy  0.62 0.44 0.34 2.79 2.70 1.73 0.19 0.68 0.73

Seed yield plant™ (g) Straw yield plant™ (g)

Traits
Parents 1% season 2 geagon Combination 1% season 2nd geagon Combination
P1(82) -1.12" -1.19 -1.15" 3.15" 279" 279"
P2 (85) 0.06" -0.05 0.002 -0.69" -0.56" -0.62"
P3 (Kscalina) -0.12" -0.30" -0.21" -0.67" -0.76" -0.717
P4 (Bleinka) 0.08™ 0.39" 0.24™ -0.51" -0.40™ -0.46"
P5 (Hermis) 1.51" 1.38" 1.45" 0.89" 0.807 0.85"
P& (Leflora) -0.41" -0.247 -0.32" -2.17" -1.88" -2.03"
LSDy 5 (i) 0.04 0.11 0.11 0.25 0.21 0.16
LSD,; (i) 0.05 0.15 0.15 034 0.29 0.22
LSDy s (gi-g))? 0.06 0.17 017 039 033 0.25
LSDyo; (gi-gj) 0.08 0.22 0.23 053 045 033

* **Sjgnificant at 0.05 and 0.01 level of probability, respectively, ‘Least significant difference for a GCA effect, *Least significant difference
for the difference between estimates of GCA effects

their combined, indicating that these parents could be considered as good combiners for increasing
seed yield. While for straw vield plant™, P1 (82) and P5 (Hermis) showed high significant and
positive GCA effects 1n both seasons and their combined, indicating that these parents could be
considered as good combiners for increasing straw yield. So, these parents could be used as parents
for the development of desirable hybrids. These results are in agreement with those obtained by

Abo El-Zahab and Abo-Kaied (2000), Abo-Kaied (2002), Zahana (2008), Abo-Kaied et al. (2007),
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Tahble 6: Estimates of SCA effects of 15 F; single crosses flax genotypes for the studied traits in 1* and 2** seasons and their combination

Days to first flower Plant height (cm) Technical length (cm)
Traits
Crosses 1* season 2* season Combination 1% season 2! season Combination 1%season 2" season Comhbination
P1xP2 0.95" 1.877 1.26™ -2.32 0.65 -0.83 -4.69 -5.58" -5.637
P1xP3 -3.217 -3.187 -3.207 3.98 415 4.08™ 1.94 1.76 1.85
P1xP4 1.917 1.707 1.807 7.527" 9.48™ 8.507 5.02 567" 5357
P1xPh 0.08 -0.14 -0.03 4.06 3.15 3.60 4.65 4.42 4,54
P1xP6 0.04 0.07 0.05 7.48" 0.02 3.75 6.527 6.307 6.417
P2xP3 -1.05" 0.07 -0.49 935" 5.19" 7.27" 3.65 4.63 414"
P2xP4 -0.26 -0.05 -0.16 2.66 0.52 1.54 4.40° 4.55 447"
P2xP5 0.24 -0.89" -0.32 -1.57 -0.81 -1.19 3.02 4.30° 3.66"
P2xP6 -3.46" -3.68" 387 3.85 1.07 2.46 -1.97 -2.16 -1.96
P3xP4 -1.09" -1.147 -1.11 7.52" 569" 6.60" 8.697 7.88" 8.29"
P3xPh -2.597 -1.64" -2.117" 5.94 -3.31 -4.63" 3.98 3.63 3.81"
P3xP6 1.70" 1.24" 1.47" -0.86 -0.44 -0.65 -0.81 0.17 -0.32
P4xP5 -1.46™ -0.76" -1.117 7.0947 4.02" 5,08 -0.27 -0.79 -0.53
P4xP6 0.16 0.11 0.14 0.35 1.57 0.96 3.27 2.42 2.85
PExP6 0.997 1.28™ 1.147 477 3.57 -0.60 -8.107 -6.837 -7.467
LSDy 05 0.59 0.57 0.44 4.73 3.58 3.05 4.18 3.50 2.42
LSDy . (Sij) 0.78 0.76 0.58 6.33 4.79 4.04 5.60 4.68 3.20
LSDy s (Sij-Sik)?  0.89 0.85 0.67 7.05 5.34 4.56 6.24 5.21 3.61
LSDgo (Sij - Sik) 1.19 1.14 0.89 9.44 7.14 65.04 8.36 6.98 4.92
LSDy s (Sij - SkI)® 0.83 0.79 0.61 6.53 4.93 4.22 5.78 4.83 3.33
LSD, 1 (8ij-8kly 1.11 1.05 0.81 8.73 6.60 5.59 7.73 6.46 4.41

No. of basal branches plant™ No. of capsules plant™ 1000-seed weight (g)
Traits
Crosses 1tseason 2" season Combination 1% season 2%season Combination 1%season 2" geason Combination
P1xP2 0.47 0.35 0.41 -0.71 1.40 0.34 -0.82" -0.96" -0.89
P1xP3 1.10° 0.98" 1.04" -6.92" -4.10° 5517 459" 4.807 4.69"
P1xP4 -0.45 0.06 -0.19 -11.96" -11.43" -11.707 -3.957 -4.207 -4.08"
P1xP5 0.10 0.10 0.10 11.83™ 1077 11.307 5127 4.727 4.927
P1xP6 -0.90° -0.61° -0.76" -0.46 -1.35 -0.91 -3.047 -1.317 -2.17"
P2xP3 1.05 0.77 0.91" 1.58 0.94 1.26 417" 4.07" 4.12"
P2xP4 1.18” 0.85" 1.01™ 16.87" 14.61" 15.74™ 2,947 1.77" 2.35"
P2xP5 -0.28 -0.11 -0.19 6.99" 6.82" 690" 4.407 3.627 4.01"
P2xP6 0.72 0.52 0.62" 3.04 2.69 2.86" -0.55" 1.607 0.52
P3xP4 0.47 0.48 0.47 13.66™ 13.44™ 13.657 -1.127 -1.117 -1.12°
P3xPh -0.32 -0.48 -0.40 -5.88" -6.357 -6.127 -8.067 -8.1587 -8.117
P3xP6 -0.99" -0.52 -0.76" 6.83" 652" 6.68" 4.65" 6.66" 5.66"
P4xPh 0.14 0.27 0.20 9.08" 8.98" 9.03™ 3.617 2.89" 3.25"
P4xP6 -0.53 -0.11 -0.32 -14.88" -13.147 -14.017 -0.29" 2357 1.03
PExP6 1.01" 0.93" 0.97" 8.91" 8.73" 8.82" -7.55" -5.337 -65.44™
LSD, s (Sip? 0.83 0.59 0.45 3.68 3.58 2.30 0.24 091 0.93
LSDy . (Sij) 1.11 0.78 0.60 4.92 4.79 3.05 0.32 1.22 1.23
LSD, 5 (Sij-Sik)y*  1.23 0.87 0.69 5.48 5.34 3.43 0.36 1.33 1.41
LSD, 0 (8ij-Sik) 1.65 1.16 0.92 7.33 7.14 4.54 0.49 1.78 1.92
LSDy s (Sij-SKL)°  1.13 0.81 0.63 5.07 495 3.19 0.32 1.25 1.29
LiSD, . (Sij-Skl) 1.51 1.08 0.84 6.79 65.62 4.23 0.43 1.58 1.71
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Tahle 6: Coutinue

Seed yield plant™ (g) Straw yield plant?* (g)
Traits
Crosses 1%t season 274 geason Combination 1%t season 28 geason Combination
P1xP2 238" 2.06" 222" 8.597 8.397 8497
P1xP3 2147 212" 213" 0.63 0.44 053"
P1xP4 -0.767 -1.07" -0.927 0.957 0.66 0.807
P1xP5 0.63" 0.60"" 0.61" 3.05" 3.047 3.05"
P1xP6 012 0.16 0.14 -0.84" -0.58 -0.717
P2xP3 3.66" 3.75" 3.717 1.437 1.647 1.547
P2xP4 3.79” 273" 3.267 0.01 0.37 0.19
P2xP5 -1.407 -1.33" -1.37" -3.287 -2.707 -2.997
P2xP6 -0.80" 0.81" -0.80" -1.097 -0.91" -1.007
P3xP4 -0.79" -1.35" -1.06™ 3.96" 3.59" 3.78"
P3xP5 -0.25" 0.01 -0.12 201" 1.69" 1.85"
P3xP6 3.03" 2.37" 2707 7.137 6.847 6.08"
P4xP5 5.68" 468" 513 11.647 11.537 11.58™
P4xP6 -1.017 0.73" -0.14 -3.087 -3.197 -3.137
P5xP6 275" 276" 276" 2367 1.527 1.947
LSDy 45 (Sij)! 0.10 0.30 0.30 0.71 0.59 0.46
LSDg e (Sij) 0.14 0.41 0.39 0.95 0.78 0.60
LSD, 45 (Sij-Sik)* 0.15 0.44 0.46 1.05 0.89 0.67
LSDy o1 (Sij-Sik) 0.20 0.59 0.60 141 1.19 0.89
LSDys (Sij-Skl)’ 0.14 0.40 0.42 0.97 0.81 0.61
LSD, e (Sij-Skl) 0.19 0.54 0.55 1.30 1.08 0.81

* **Gionificant at 0.05 and 0.01 level of probability, respectively, ‘Least significant difference for a SCA effect, *Least significant difference
for the difference between two SCA effects for a common parent, Least significant difference for the difference between two SCA effects

for a non-common parent

El-Kady and Aboe-Kaied (2009), El-Kady and Abo-Kaied (2010} and Mishra ef al. (2013), where
they observed significant and positive and negative GCA effects for these traits in their respective
studies.

Once the best combiners are identified, they can be crossed together to obtain the promising
hybrid combinations. In recurrent selection schemes, parents possessing high combining
ability can be intercrossed to accumulate desirable alleles within base populations

{Christie and Shattuck, 1992},

Estimates of Specific Combining Ability effects (SCA): Data in Table 6 indicated that, five
crosses 1.e., P1xP3, P2xP6, P3xP4, P3xP5 and P4xPb showed high significant and negative SCA
effects (desirable direction) for days to first flower trait in both seasons and their combined,
indicating that these crosses were the hest combinations for earliness. For plant height, four crosses
viz., P1xP4, P2xP3, P3xP4 and P4xP5 showed significant or highly significant and positive SCA
effects {desirable direction) in both seasons and their combined indicating that these crosses were
the best combinations for tallness. For technical length, crosses P1xP4, P1xP5, P1xP6, P2x P4 and
P3xP4 gave significant or highly significant and positive SCA effects in both seasons and their
combined, indicating that these crosses were the best combinations for this trait. For No. of basal
branches plant™, four crosses i.e., P1xP3, P2xP3, P2xP4 and P5xP8 showed significant or highly
significant and positive SCA effects in both seasons and their combined indicating that these
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crosses were the best combinations for this trait. For No. of capsules plant?, seven crosses i.e.,
P1xP5h, P2xP4, P2xPh, P3xP4, P3xP6, P4xPb and P5xP6 gave highly significant and positive SCA
effects in both seasons and their combined indicating that these crosses were the best combinations
for this trait. For 1000-seed weight, seven crosses viz., P1xP3, P1xP5, PaxP3, P2xP4, P2xP5, P3xP6
and P4xP5 gave highly significant and positive SCA effects in both seasons and their combined
indicating that these crosses were the best combinations for increasing the weight of seeds. For
seed vyield plant™?, eight crosses i.e., P1xP2, P1xP3, P1xPE, P2xP3, P2xP4, P3xP6, P4xP5 and
P5xP6 showed highly significant and positive SCA effects in both seasons and their combined
indicating that these crosses were the best combinations for increasing seed yield. For straw yield
plant™, nine crosses viz., P1xP2, P1xP4, P1xP5, P2xP3, P3xP4, P3xP5, P3xP6, P4xP5 and PExP6
showed significant or highly significant and positive SCA effects in both seasons and their
combined, indicating that these crosses were the best combinations for increasing straw vield. It is
worthy to note that most of superior I, erosses in their SCA effects for seed and straw yields and
most of yield components traits include at least one of their parents of high GCA effects for the same
traits. These results are in general agreement with those previously reported by Abo El-Zahab and
Abo-Kaied (2000), Abo-Kaied (2002), Zahana (2008), Abo-Kaied et al. (2007), El-Kady and
Abe-Kaied (2009), El-Kady and Abo-Kaied (2010) and Mishra ef al. (2013), where they observed
significant positive and negative SCA effects for these traits in their respective studies.
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