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ABSTRACT

The main objectives of this investigation were to determine the amounts of
heterosis versus the mid-parents and the better parent, nature of gene action,
heritability in both broad and narrow senses and correlation between each pair of
traits. Four parental varieties of squash were crossed to obtain 12 Fi1 hybrids
according to a complete diallel crosses mating design.

The results revealed that the mean squares of genotypes which included four
parental varieties and their hybrids were highly significant for all vegetative and
earliness traits from the combined data. The results also cleared that mean values
showed that no specific parent was superior for all studied traits. Generally,
Eskandrani (P1) was the best combiner for vein length (V.L.cm), number of leaves per
plant (No.L./P.), fresh weight per plant (F.W./P.g) and dry weight per plant (D.W./P.g).
Similarly, Zucchino mezza lung bianco (P2) seemed to be the best combiner for leaf
area (L.A.cm?) trait. The results also indicated that the parent P2 was the best
combiner for all earliness traits. On the other hand, the performance of most Fui,1r
hybrids were variable and the results cleared that no hybrid gave the best results for
vegetative and earliness traits. The results revealed that heterosis over mid-parents
indicated the presence of highly significant values for all studied traits except for fresh
weight per plant (F.W./P.g). The estimates of heterosis versus better parent showed
highly significant values for most studied traits. The results showed the importance of
general and specific combining abilities. GCA were larger than their corresponding
estimates of SCA for vegetative and earliness traits. Reciprocal effects (r) were
significant for most studied traits from the combined data. Estimation of genetic
parameters showed that additive genetic variance was very important for most studied
traits. The inheritance of these traits was mostly governed by additive genetic
variance rather than non-additive and cytoplasmic genetic factors. In the same time,
the estimates of heritability in broad sense were larger in magnitudes than their
corresponding values in narrow sense.

Most pairs of traits exhibited positive genotypic and phenotypic correlation
coefficients, such as: vein length (V.L.cm) with number of leaves per plant (No.L./P.),
leaf area (L.A.cm?), fresh weight per plant (F.W./P.g) and dry weight per plant
(D.W./P.g). Also, number of first female flowering node (No.15tF.F.N) was significant
correlated with date of first female flower (D.15'F.F.) and date of first male flower
(D.15'M.F.). Therefore, plant breeders could design their programs, which make use of
these advantages to select superior lines from the advanced segregating generations
of the high yielding F1 hybrids.

INTRODUCTION

Heterosis has been studied in all important vegetable crops as well
as cucurbits. In squash and other cucurbits, heterosis was utilized aiming to
increase the productivity and quality of traits. Many investigators studied
heterosis among them, Kash and El-Diasty (1989) who studied heterotic
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effects in some squash hybrids. They observed heterosis values versus the
mid-parents. They also cleared that the estimated values versus the better
parent were significant for most studied traits. Abd El-Hadi (1995) studied six
inbred lines and their 30 F1 hybrids among them (including F1 reciprocal
hybrids) in agoor. He recorded the presence of highly significant values of
heterosis versus the mid-parents. In this respect, Shamloul (2002) evaluated
F1 hybrids among new selected inbred lines of sweet melon. He indicated that
the means of the Fi1 hybrid significantly exceeded the means of the mid-
parents for all vegetative traits. Similarly,Abd EI-Maksoud et al. (2003)
showed that the average means of the means of Fi,1r hybrids and the
average over all hybrids F1,1r exceeded their mid-parents for all studied traits
except for sex ratio and days to first female flower, which were desirable
lower forward increasing in female flower and earliness, respectively. In
another study, Gabr (2003) estimated heterosis over mid-parents and the
better parent. He indicated the presence of highly significant heterosis values
over mid-parents for all studied vegetative traits in squash.

Concerning, GCA and SCA variances El-Diasty and Kash (1989)
revealed that additive genetic variances were larger in magnitudes than that
of the non-additive genetic variances for most vegetative traits. On the other
hand, Awny et al. (1992) studied five cucumber inbred lines and their 10 F1
hybrids. They cleared that specific combining ability variances were highly
significant for leaves number and leaf area traits. They also added that there
was no parent considered as the best combiner for all studied vegetative
traits. In summer squash, El-Gendy (1999) reported that general combining
ability and specific combining ability as well as reciprocal effects were
significant for days to first female flower, numbers of fruits in the first seven
pickings. In squash, Sadek (2003) illustrated that the non-additive genetic
variances including dominance were the most important source of genetic
variance. The results showed that both additive and non-additive genetic
variances contributed in the inheritance of position of the first female flower,
days to the first female flower and early yield as number and weight of fruits.
Abd El-Hadi and EI-Gendy (2004) studied four squash varieties and their 12
F11r hybrids. They cleared that the analysis of variance of diallel crosses
mating design indicated that the mean squares of GCA, SCA, GCA x L and
SCA x L showed highly significance for most studied traits at each location
and over both locations. Recently, Abd El-Hadi et al. (2004) in squash
showed that both GCA and SCA reveled highly significant values for all
studied traits in the F1 hybrids and F2 generations except for F.W.(g) in the F1
hybrids for GCA.

Abd El-Hadi et al. (2001) in sweet melon reported that total yield per
plant and length of fruit were positively correlated with weight of fruit. In
squash, Abd El-Maksoud et al. (2003) reported that most pairs of traits
exhibited negative (genotypic and phenotypic) correlation coefficient, while
the following pairs of traits showed positive correlation coefficient i.e. sex
ratio, days to the first female flower, early yield as weight and number of fruits
in the 7 picking per plant total yield as total number and weight of fruits per
plant. They also added that selection program for improving one or more of
these traits would improve the others. In this respect, Abdel Sayyed et al.
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(2003), in sweet melon, evaluated correlations between fruit quality
characters. They found that flesh texture were negatively correlated with flesh
flavor and aroma, while, positive genotypic correlations were detected
between flesh flavor and each of flesh aroma and total acceptability.

MATERIALS AND METHODS

The genetic materials used in the present investigation included four
varieties of squash belong to Cucurbita pepo, L. These varieties were:
Eskandrani (P1), Zucchino mezza lung bianco (P2), White Bush Scallop (Ps)
and Zucchino nano verde di Milano (P4). The seeds of these parental
varieties were obtained from different countries i.e.: (P1) from Egypt, (P2) from
Germany, (Ps) from United States of America (U.S.A.) and (P4) from Italy. All
these varieties represented a wide range of variability in most studied traits.

Plants from each parental varieties were self-pollinated for three
successive generations to obtain an inbred from each variety. In the summer
season of 2002, all single crosses including reciprocals were made among
these four varieties according to a complete diallel crosses mating design to
produce 6 F1 hybrids and 6 F1 reciprocal hybrids. In addition, the four parental
varieties were also self-pollinated to obtain enough seeds from each variety.

In the two summer seasons of 2003 and 2004 all the 16 genotypes
obtained from the last season were evaluated in field trial experiment at El-
Baramoun Station, Vegetables Research Station, Mansoura.

In the two growing seasons of 2003 and 2004 all 16 genotypes were
evaluated in a field trial. The experimental design was the randomized
complete blocks design with three replications. Each block consisted of 16
plots. Plot or the experimental unit was one ridge 5.0 m. long and 1.0 m.
wide. The distance between hills was long 0.5 m. apart. Therefore, each ridge
contained 10 hills. Data were recorded for the following vegetative and
earliness traits: vein length (V.L.cm), number of leaves per plant (No.L./P.),
leaf area (L.A.cm?2), fresh weight per plant (F.W./P.g), dry weight per plant
(D.W./P.g), number of first female flowering node (No.15F.F.N), date of first
female flower (D.15'F.F.) and date of first male flower (D.15'M.F.).

Differences among genotypic means for all studied traits were tested
for significance according to F-test. The form of analysis of variance and the
expectations of mean squares were as outlined by Steel and Torrie (1960).

The amounts of heterosis were determined as the percentage
deviation from the means of the F1 hybrids (F1), F1 reciprocal hybrids (Fur)
and all F1,1r hybrids from the average of all parents (mid-parents) or the better
parent.

In this investigation four varieties were utilized in a complete diallel
crosses mating design to estimate general combining ability (G.C.A.) and
specific combining ability (S.C.A.). In addition, the variances of reciprocal
effect (r) could be also obtained. The procedures of these Analysis were
described by Griffing (1956) method I. The estimates of GCA variance (0g)

and SCA variance (Y(;s) could be expressed in terms of genetic variances
according to Matzingar & Kempthorne (1956) and Cockerham (1963).

3



Abd El-Hadi, A.H.et al.

RESULTS AND DISCUSSION

The results of the analysis of variances and the mean squares for all
genotypes are presented in Table 1. Tests of significance revealed that the
mean squares of the genotypes showed highly significance for all studied
traits in both years and from the combined data. This finding indicated the
presence of real differences among them except Y2 for No.1stF.F.N which
was only significant. In addition, the significant mean squares of genotypes
suggested that the planned comparisons to understand the nature of variation
and determinate the amounts of heterosis for these traits were valid.

Table 1: Analysis of variances and mean squares for vegetative and earliness
traits for each year and the combined data.
V.L.cm No.L./P. L.A.cm? F.W./P.g

SV. |dff vy, Y2 Comb. | Y1 [ Y2 [Comb. [ Y1 Y2 Comb. Y1 Y2 Comb.

Years | - - 1.22 - - 0.03 - - 0.06 - - 6

Rep. |, 0.04 0.01 0.02 0.66 | 0.62 0.64 0.29 0.63 0.46 418.8 2777 1598

Gen. 15| 686.9" | 671.3" | 1355" |76.8”|61.87| 137.1" | 300" | 279.6" | 578.2" |143874™ | 131871" | 27467"

GxY [15[ . - 2.98 - - 161 - - 1.40 - - 1075

Error 30| 417 3.81 399 |178]3.02| 240 [320] 240 2.80 3208 1733 2470
Table 1: Cont.

sv. las D.W./P.g No.1stF.F.N. D.1stF.F. D.15tM.F.

Y1 Y2 Comb. | Y1 [ Y2 |Comb. [ Y1 Y2 Comb. Y1 Y2 Comb.
Years [ i i 23.01 i _ 0.002 _ _ 0.25 i _ 6.41
Rep. |5 1465 28.31 214g |0:001[0.002[ 0.002 |2.28| 0.35 1.3 0.20 1.71 0.96
Gen. 15| 1147% | 1089" | 2017+ [0:067|0.057| 0.117 [44.77| 45.6” 89.6" 14.27 1327 | 25.77
G xY 0.002 0.69 1.59

15 - - 18.68 - - - - -

Error 30| 22.82 26.74 24.78 0.001]0.001| 0.001 | 1.29 1.37 1.33 1.23 1.56 1.40

*** Significant at 0.05 and 0.01 levels of probability, respectively.

In the same time, the mean squares of genotypes by years
interactions obtained from the combined data were insignificant for all studied
traits.

The means of four parental varieties and their 12 Fi1r hybrids at two
years and their com

bined data were calculated and the results are presented in Table 2.
The results showed that there was no specific parent was superior or the best
for all studied traits. It is also cleared that the parental variety P1 was the
highest parent for V.L.cm, No.L./P., F.W./P.g and D.W./P.g traits for the two
years and from the combined data. While, the highest parent for L.A.cm? was
P2. On the other hand, the parental variety P3 was the lowest parent for most
studied traits. The differences between the means of the lowest and the
highest parent were highly significant indicated the presence of genetic
differences between these parental varieties.

In the same time, the results showed that there were no significant
differences between the means of the F1 hybrids and F1 reciprocal hybrids for
most studied traits. The results indicated that the highest F1 hybrids for the
V.L.cm was P1 x Pz with the mean of 98.9 cm. from the combined data.
Whereas, the highest F1 reciprocal hybrid was P2 x P1 with the mean of 70.5
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cm. It was regarded that the means of F1 hybrids calculated from the
combined data ranged from 58.7 to 98.9; 27.8 to 40.1; 82.8 to 94.5; 889 to
1512 and 147.8 to 201.3 for V.L.cm, No.L./P., L.Acm?2, F.W./P.g and
D.W./P.g traits, respectively. In the same time, Fur reciprocal hybrids ranged
from 54.3 to 70.5; 26.8 to 35.7; 87.8 to 94.6; 860.6 to 1061 and 144.7 to
171.6 for the same above traits, respectively.

Concerning earliness traits, the result revealed that the means of the
four parental varieties showed that the lowest (desirable) parent was P2 for all
earliness traits at the two years and from the combined data except for first
year (Y1) for D.1s*F.F. While, the highest parent for No.1s'F.F.N. was P1
(undesirable) at the two years and from the combined data. On the other
hand, the variety Pz was the highest (undesirable) parent for D.1sF.F. and
D.1s'M.F, respectively at the two years and from the combined data.

The results also indicated that P2 variety was the earliest variety for
flowering followed by P4. This finding could be confirmed by the means of
days to first female flower, which ranged from 46.6 to 56.8 days from the
combined data. Furthermore, days to first male flower ranged from 45.8 to
51.5 days from the combined data, indicating that Pz was a very late variety,
the variety P2 followed by P4 were early maturing varieties. In addition, the
earlier F1 hybrids and Fi1 reciprocal hybrids were obtained when the included
one or more of the earlier parents. For instance, the hybrid P2 x P4 exhibited
the lowest (desirable) number of nodes to the first female flower from
combined data, while the hybrids P1 x P4 and P2 x P3 exhibited the highest
(undesirable) means for number of nodes to the first female flower from the
combined data. On the other hand, the Fi reciprocal hybrid P2 x P1 was the
lowest (desirable) for combined data and the hybrid P4 x P3 was the highest
(undesirable) from combined data for the same trait.

The results of combined data also indicated that the latest F1 hybrid for
D.1stF.F. was Ps x P4 with the mean of 47.3 days. Whereas, the highest F1
reciprocal hybrid for D.1s'F.F. was P3 x P1 with the mean of 49.4 days. On the
other hand, F1 hybrid P1 x P> was the earlier (desirable) with the mean 43.0
days. While, F1 reciprocal hybrid P4 x P2 was the earlier (desirable) with the
mean 40.9 days for the same trait. It could be also regarded that the means
of F1 hybrids for the combined data ranged from 3.66 to 3.83; 43.0 to 47.3
days and 43.8 to 45.6 days for No.1stF.F.N, D.1sF.F. and D.1s*M.F traits,
respectively. In the same time, F1 reciprocal hybrids ranged from 3.73 to
3.85; 40.9 to 49.4 days and 42.0 to 46.3 days for the same obvious traits,
respectively.

Concerning the performances of F1 and Fir hybrids for vegetative and
earliness traits, the results indicated that the magnitudes of the means of F1
and Fir hybrids were close to each other for most studied traits. In the same
time, when the hybrids were compared with each other the results showed
the presence of significant differences for many traits. It is also cleared that
some Fi1 and Fir hybrids of studied traits exceeded the better parent.
Therefore, it would be expected because there were quite heterosis values
versus the mid-parents.
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Table 2: The mean performances of four parental varieties, their F1 and Fur
hybrids for vegetative and earliness traits for each year and the
combined data.

V.L.cm No.L./P. L.A.cm? F.W./P.g
Genotypes| Y1 Y2 [Comb.| Yi Y2 [Comb.| Y1 Y2 [Comb.| Y1 Y2 [Comb.

P1 67.1" 1 69.1" [ 68.1H | 27.1" | 27.8H | 27.5H [ 79.4 | 80.3 [ 79.9 |957.3"[970.5H|963.9H

P2 46.8 | 478 | 47.3 [ 26.7 | 27.3 | 27.0 | 81.4"|82.6H|82.0" | 800.6 | 853.9 | 827.3
Ps 344 | 354349 ]|19.9L [ 20.5- | 20.2- | 54.6%- | 55.5- | 55.0% [483.8-]|530.8"-[507.3-
P4 55.9 | 549 [ 554 | 269 | 26.2 | 26.6 | 77.1 | 758 | 76.4 | 960.4 | 954.0 | 957.2

PixP> | 76.4 | 78.0 [ 77.2 | 33.8 | 343 | 340 | 90.7 [ 919 | 91.3 [ 1034 | 1104 | 1069
PixPs [99.7H]98.1H[98.9" | 41.1H[39.0" ] 40.1H [ 95.6" | 93.3H | 94.5" | 1517H|1507H | 1512H
Pi1xPs | 865 | 86.7 | 86.6 | 35,5 | 36.0 | 35.7 | 82.7-|829"-|828- | 1301 | 1317 | 1309
P, xP; | 588" |58.7-|58.7-| 29.1 | 28.7 | 289 | 879 | 87.5 | 87.7 [893.9-]884.1-|889.0-
P>xPs | 68.7 | 66.4 [ 675 | 32.8 | 31.0 | 31.9 | 924 [ 92.1 | 92.3 [ 1111 | 1094 | 1102
PsxPs | 61.1 | 625 | 61.8 | 27.6- | 28.0- | 27.8- | 84.8 | 854 | 85.1 [977.4]|987.2 [ 982.3
P2 xP; [70.14]70.8H[70.5%] 309 | 31.1 | 31.0 [ 921 | 91.8 | 92.0 |1064H|1057H]|1061H
P3xP1 | 5491 | 53.7- | 54.3L | 25.9- | 27.7 | 26.8- [ 94.9" | 94.3H | 94.6" |850.7-]870.5"|860.6-
PsxP1 | 67.4 | 69.3 | 68.4 |36.2H[35.2"|35.7H| 92.4 | 91.7 | 92.1 | 1014 | 1007 | 1011
P3x P2 | 609 | 624 [ 61.7 | 269 | 279 | 27.4 | 87.8-| 88.1 | 88.0 [ 967.3 | 963.9 | 965.6
PsxP; | 66.8 | 67.0 [ 66.9 | 30.9 | 31.8 | 31.4 | 91.9 [ 92.2 | 92.0 [997.3 | 987.3 | 992.3
PsxPs | 56.9 | 55.2 | 56.1 | 27.7 | 27.3-| 27.5 | 88.2 | 87.5-|87.8- [977.2 | 967.3 [ 972.3
L.S.D.oos | 3.40 | 3.25 | 3.26 [ 222 | 289 | 253 | 298 | 258 [ 2.73 | 94.34 | 69.33 [ 81.16
L.S.D.oo1| 459 | 438 | 434 [ 3.00 | 3.90 | 3.36 [ 402 | 3.48 [ 3.63 | 127.2 | 93.46 { 107.9

Table 2: Cont.

D.W./P. No.15'F.F.N. D. 18'F.F. D.15'M.F.
Genotypes| Y1 Y2 [Comb.| Yi Y2 [Comb.| Y1 Y2 [Comb.| Y1 Y2 [Comb.

P1  |153.9H|156.1H|155.0H| 4.22H | 4.21H | 4.22H| 52.1 | 51.5 | 51.8 | 47.3 [ 46.7 | 47.0
P2 145.4 | 146.0 | 145.7 | 3.96- | 3.97- | 3.97- | 46.4 | 46.8- [ 46.61 [ 45.4- [ 46.1- [ 45.8L
P3 114.1-{115.5-|114.8-) 3.98 [ 3.99 | 3.99 | 57.2H [56.3H|56.8" [ 51.8" | 51.3H | 51.5H
P4 153.6 | 152.1 | 152.9 | 4.03 | 4.01 | 4.02 | 46.1- | 47.4 | 46.8 [45.4- | 46.3 [ 45.9
P1xP; | 166.1 | 165.5 | 165.8 | 3.72 | 3.75 | 3.73 | 43.4- | 42.6- [ 43.0- [43.8- [ 44.1 [ 43.9
P1x Ps |199.9H|202.8H|201.3H) 3.75 | 3.74 | 3.75 | 46.7 | 46.5 | 46.6 | 44.4 | 448 | 446
P1xPs |190.8 | 187.5 | 189.2 | 3.82 | 3.84H | 3.83H | 44.1 | 435 [ 43.8 | 45.2 [45.9H [ 456"
P2 x P3 |148.91]|146.71|147.81)| 3.84H | 3.83 | 3.83H | 43.5 | 43.6 | 43.6 [435" [ 441 [43.8"
P2xPs | 165.5 | 166.9 | 166.2 | 3.64- | 3.68- | 3.661 | 44.9 | 453 [ 45.1 [ 44.4 [43.6L [ 44.0
PsxPs | 153.2 | 153.9 | 153.5 | 3.81 | 3.83 | 3.82 | 47.1H | 47.6H [47.3H [ 452 [ 453 [ 45.3
P2 x Py |170.6H|172.7H|171.6") 3.72- | 3.75- | 3.73- | 43.4 | 43.3 [ 43.4 [ 442 [ 437 | 440
Psx Py |139.71]149.81|144.7"| 3.83 | 3.81 | 3.82 | 49.3 | 49.4 [ 49.4 [46.1H [ 46.5H | 46.3H
Psx Py | 158.8 | 159.5 | 159.2 | 3.79 | 3.82 | 3.80 | 47.3 | 476 | 475 | 452 | 455 | 454
PsxP, | 153.1 | 156.8 | 155.0 | 3.81 |3.84H| 3.83 | 44.9 | 43.7 | 443 [ 442 [ 46.0 | 45.1
PsxP; | 152.3 | 155.1 | 153.7 | 3.73 | 3.76 | 3.74 | 41.3- | 404" [ 40.9- [ 414" [ 42,51 [ 42.0t
PsxPs | 159.4 | 153.8 | 156.6 | 3.87H | 3.83 | 3.85H | 48.3 | 48.9 [ 486 | 45.1 [ 455 [ 45.3
L.S.D.oos| 7.95 | 861 [ 813 | 0.05 | 0.05 | 0.05 | 1.89 [ 194 | 1.88 | 1.85 | 2.08 | 1.93
L.S.D.oo1] 10.72 | 11.61 | 10.81 | 0.07 | 0.07 | 0.07 | 255 | 2.62 [ 2.50 [ 2.49 | 2.80 [ 2.57
H= The highest value L= The lowest value
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Heterosis versus the mid-parents (Hwmp.%) were estimated for
vegetative and earliness traits and the results are presented in Table 3. The
result cleared the presence of heterosis versus the mid-parents for most
vegetative traits over two years and their combined data. All hybrids exhibited
highly significant and positive values for V.L.cm, No.L./P. and L.A.cm?. The
results also revealed that heterotic effects for Fi hybrids for the combined
data ranged from 31.5 to 92.1% for V.L.cm; 18.9 to 68.1% for No.L./P; 6.0 to
40.0% for L.A.cm?; 19.4 to 105.6% for F.W./P.g and 10.3 to 49.3% for
D.W./P.g. In the same time, the results revealed that heterotic effects for Far
hybrids ranged from 5.4 to 49.9%; 12.4 to 32.3%; 13.6 to 40.2%; 5.2 to
447% and 3.0 to 19.0% for V.L.cm, No.L./P., L.A.cm2, FW./P.g and
D.W./P.g, respectively.

The results also showed the presence of heterosis relative to mid-
parents for earliness traits over two years and the combined data. All hybrids
showed negative highly significant and desirable heterotic values for
No.1stF.F.N, D.1sF.F. and D.1s*M.F. toward earliness, except the F1 hybrid P
x P4 was insignificant for Yz and only significant for combined data for
D.1stM.F. trait.

Heterosis versus the better parent (Hsp.%) was estimated for
vegetative and earliness traits and the results are presented in Table 4. The
result indicated that all hybrids showed positive and highly significant
heterosis values for L.A.cm? for the two years and the combined data except
for P1 x P4 in Y2. While, all hybrids were insignificant for F.W./P.g. At the
same time, most hybrids were highly significant for V.L.cm and No.L./P.
While, most hybrids were insignificant for D.W./P.g for the two years and their
combined data.

These results revealed that heterotic effects (Hs.p.%) for F1 and their
Fir hybrids from the combined data showed that 10,11,12,0 and 4 hybrids
from the 12 had positive significant values for V.L.cm, No.L./P, L.A.cm2,
F.W./P.g and D.W./P.g, respectively. The results cleared the presence of
heterosis percentage of the 12 hybrids relative to better parent for earliness
traits at two years and from the combined data. All hybrids showed highly
significant and (desirable) negative heterotic values for No.1stF.F.N. for the
two years and their combined data. Similarly, 10 and 6 hybrids showed highly
significant and (desirable) negative heterotic values for D.1stF.F. and for
D.1s*M.F. from the combined data, respectively.

The analysis of variances for combining ability of the four varieties and
their hybrids for vegetative and earliness traits for the two years and their
combined data are shown in Table 5. The combined data revealed that the
mean squares due to hybrids were highly significant for all studied traits
except for F.W./P.g. which was significant. While, the mean squares due to
general combining ability were significant and highly significant for all studied
traits except for No.1sF.F.N. and D.1stM.F were insignificant for the two
years.



Abd El-Hadi, A.H.et al.

Table 3: Heterosis relative to mid-parents (Hwpr.%) for vegetative and earliness
traits for each year and the combined data over the two years.

V.L.cm No.L./P. L.A.cm? F.W./P.g
Hybrids| Y, Y, |Comb.,| VY, Y, |Comb.)| Y, Y, |Comb., Y, Y, |Comb.
Pix P, | 34.1% | 33.4* [ 33.8% | 25.8* | 24.4* | 25.1* | 12.8* [ 12.8* | 12.8* | 16.8" | 21.9 | 19.4"
P1x Ps | 96541 |87.8**1[92.1+ 1] 74.8* M| 61.6**1 | 68.1* | 42,71 [ 37.5% | 40.0*"[108.6* "|102.6** #|105.6*+"
P1x Ps | 40.7** | 39.9% [ 40.3* | 31.5* | 33.2% | 32.3* | 5.7¢\ [ 6.3 | 6.0 [ 347 | 379 [ 363
Pax Ps | 44.7% | 41.0% [ 42.8* | 24.7%* | 20.1** | 22.4** | 29.3* [ 26.7** | 28.0 [ 39.2 | 27.7 | 332
P2 x Py | 33.7%*-]29.3**1 [31.5% | 22,5 |16.2%*1| 19.3* | 16.6* [ 16.4* | 16.5* [ 26.1 | 21.0- [ 235
Psx Ps | 35.3* | 38.4* [ 36.8* |17.8*\| 19.9* |18.9~"| 28.8* [ 30.2** | 29.5* [ 354 | 33.0 [ 34.2
Py x Py | 23.1% | 21.2% [ 22.2% | 14.9* [12.9%'| 13.9* |14.6*' [12.7~-|13.6*'[ 20.1 | 16.7 [ 184
Psx Py | 82%L | 275 [ 5.4+t 10255 | 14.6% | 12.4*- 41,741 [38.8%H|40.20H[ 17.0 | 17.0 [ 17.0
Pax Py | 9.6% | 11.9% [ 10.7** |34.2%H|30.4**H|32.3*H| 18.1% [ 17.5% | 17.8* | 50- | 54 | 52
Psx P, |49.9%H[49.9%H[49.9%H| 15.6* | 16.8* | 16.2** | 29.1* [ 27.7* | 28.4* | 50.6" | 39.2" | 44.7"
Pax P2 | 30.1% | 30.5* [ 30.3** | 15.4* | 19.2* | 17.3* | 15.9* [ 16.4* | 16.2* [ 133 | 92 [ 112
Py x Ps | 26.0% | 22.3* [ 24.2* | 18.3* | 16.9* | 17.6** | 33.9* [ 33.3* | 33.6* [ 353 | 303 [ 32.8
L.S.D.oos | 295 | 2.82 | 282 | 192 | 251 | 219 | 258 | 223 | 2.37 | 81.7 [ 60.04 | 70.29
L.S.D.oo| 397 | 380 | 376 | 259 | 338 | 291 [ 348 | 301 | 3.15 | 110.1 | 80.94 | 93.48
Table 3: Cont.
D.W./P.g N.15'F.F.N. D.15'F.F. D.13*M.F.
Hybrids | Y; Y, |Comb. Y, Y, [Comb. Y, Y, [Comb| Y, Y, [Comb.
Pix P, |10.8%5] 9.7%- [10.3%*1) -9.1%*L | -8.4* | -8.8*" | -11.9% [-13.3* | -12.6* [ -5.5% | -5.1% [ 53~
Pix Ps |49.2%H[49.3%H[49.3*H| -g5% | -8.7%L | -8.6* |-14.5% [-13.7% | -14.1% [ -10.3** | -8.6* [ -9.4*
Pix Py | 247+ | 21.1% [ 22.9% | -7.3%* | -6.4* | -6.9%* |-10.1% [-12.1% | -11.1% [ -2.5% | -1.2H [ -1.8*H
Pax Py | 14.5% | 12.5% [ 13.5% | -3.40H | -3.9%H | .3.6%H |-16.0%*-[-15.5%1|-15.7%+1{-10.5% 1| -9.4**L |-10.0%*1
Pox Py | 11.1% | 11.6* [ 11.3% | -8.9% | -7.7% | -8.3% | -2.8%H [-3.9%H | .34xH [ pomH| 570 [ 4 0%
Psx Py | 15.1% | 14.4* [ 14.7% | -4.8* | -4.3* | -45% | -8.8 [ -83% | -85% [ -7.1% | -7.1% [ -7.1%
Pax Py | 13.8* | 14.5% [ 14.1% | -9.0%*" | -8.4%*L | -8.7%+1 | -11.9% [-11.8%* | -11.9% [ -4.6* | -5.9% [ 5%
PsxP1 | 43 [103* [ 7.3 | 6.7 | -7.0% | -6.9* | -9.7% [ -84 | -9.1% [ 6.8 | -51% [ -6.0*
PaxPy | 3.8 | 30L [ 34 | -82% | -7.0% | -7.6% |-3.5%H[.3.8mH |3 7xH | 260H | 2.1%H | 2.3xH
Psx P, | 17.8* [20.2%*1[19.0%"| -4.0%* | -3.4%*H | -3.7%H |.13.3%L[-152%¢L]|-14. 2%+ L[ g 1+l | 550 [ 7.3%
PaxP, | 224 37 | 3.0 | -6.6™ [ -5.8 | -6.2%* [-10.6* | -14.2* | -12.4* | -8.8** | -8.0%*! [-8.4mt
Pax Ps |19.8H| 14.3* [ 17.0% | -3.5%M | -4.2% | -3.8% | -6.5% | 58" | -6.1% [ -7.1% | -6.7% [ -6.9%
L.S.D.oos | 6.89 | 7.46 | 7.04 | 005 | 005 | 005 | 164 | 1.68 | 162 | 1.60 | 1.80 | 1.67
L.S.D.oor | 9.29 | 1006 [ 9.36 | 0.06 | 006 | 006 | 221 [ 227 | 216 | 2.16 | 243 | 2.23

*** Significant and highly significant at 0.05 and 0.01 probability levels, respectively .
H=The highest value

L= The lowest value
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Table 4: Heterosis relative to better parent (Hs.r.%) for vegetative and earliness
traits for each year and the combined data over the two years.

V.L.cm No.L./P. L.A.cm? F.W./P.g
Hybrids | Y, Y, |Comb.,| VY, Y, |Comb.)| Y, Y, |Comb., Y, Y, |Comb.
Pix P, | 13.8% [12.9%\ [ 13.3% | 24.7** | 23.3* | 23.8* | 11.4* [ 113 | 11.3* [ 65 | 153 [ 109
Py X Ps | 48.6%H]42.0%H[45.3* 1|51 5+ 1| 40.4*H| 45,6 | 20.4*H [16.2% " | 18,201 [ 56.3" | 57.4" [ 56.9"
Pix Ps | 29.0% | 25.5% [ 27.2% | 31.0 | 29.4** | 29.9** | 420 [ 33+ | 3.7+ [ 340 | 376 | 358
PaxPs | 25.6* | 22.7% [ 24.1* | 8.9% | 507" | 6.9~ | 8.0 [ 59~ | 7.0~ [ 116 | 35" [ 75
P x Py | 22.8* | 20.9% [ 21.9% | 22.1* | 13.7* | 18.3* | 13.5* [ 11.5* | 125 [ 156 | 147 [ 152
Pax Py | 9.2%L | 13.8% [11.5%1| 2.6 | 6.7 | 44| 10.0% [ 12.7* | 114 | 1.8 | 35 | 2.6*
P.xP; | 45 2.5 35 [ 13.9% | 11.9% | 12.7% [ 13.1* | 11.1* [ 1217 | 9.6 | 104 | 10.0
Psx Py |-18.2**1]-22.3*+1(-20.3%*L| -4.4**- | -0.5% | -2.6*L |19.5%H[17.4%H|18.4H[ -12.31 | -9.1% | -10.7"
PaxPy | 045 | 0.34 | 0.39 |33.7%M|26.6*H[29.9%H| 16.4* | 14.2* | 1562% | 45 5.2 4.8
Psx P, |30.1%*"]30.5%"[30.3*"| 0.87 | 21 15 | 7.8t | 6.7+ | 7.3=L | 20.8" | 129" | 16.7"
Py x P2 | 19.6** | 22.0% [ 20.8** | 15.0** | 16.6** | 16.2** | 12.9% [ 11.6* | 12.2% | 3.8 35 3.7
PaxPs | 1.8 | 061 [ 1.20 | 3.1* | 4.1 | 3.4* | 14.4* [ 154* | 150~ | 138 1.4 1.6
L.S.D.oos | 340 | 325 | 326 | 222 | 289 | 253 | 298 | 258 | 273 | 943 | 69.3 | 812
L.S.D.oor | 459 | 438 | 434 | 300 | 390 | 336 | 402 | 348 | 363 | 1272 | 935 | 107.9
Table 4: Cont.
D.W./P.g N.15'F.F.N. D.15'F.F. D.13*M.F.
Hybrids | Y; Y, |Comb. Y, Y, [Comb.,] Y, Y, [Comb| Y, Y, [Comb.
P xP, | 7.9 6.0 7.0 | -6.1% | -5.6% | -6.0% | -6.5% [ -0.0% | -7.8* | -3.5% | -4.4% | -4.1%
Pix Ps |29.9%H|29.9%H[29.g#+H| 5 7% | -6.3% | -6.1% |-10.3**[-9.6%*1 |-10.0%*1[ -6.1*1 | -4.1% | -5.1x*L
Pix Py | 24.0% | 20.1% [ 22.0% | -5.1% | -4.2% | -4.6* | -4.3* | -82* | -6.4* | -04" | -08" | -0.7"
PaxPs | 21 | 085 [ 15 |-3.1%H[-360H|-35%H] -6.2% [ 690 | -6.5% [ -43% | -4.3% [ -44x
PoxPs | 88 | 86* [ 87% |-82mbt|-7.2%b|.7.8m0 | 25 [ -33% | -32% [ 2% |.55%L[ 4 0n
PsxPs | 0.70- | 0.20% [ 0.40" | -4.2% | -4.1% | 43 | 2.1*" | 04" | 11" | -05 | -21* | -14
Pax Py |10.8%H] 10.6*" [ 10.7*H | -6.1%*L | -5.6%*L | 6.0+ | -6.5% [ -7.4% | 7.0 [ -2.60 | -5.2% [ -4.0%
Psx Py | -9.2*" | -41 [ -6.6" | -3.9% | -45% | 43 | 53 [ 41% | 47~ | -25% | 05 | -15
PaxP:s | 3.2 2.2 27 | 6.0% | -4.8% | 54 | 27 [ 04 14 | -054 [ -17 | -12H
PsxP, | 5.0 7.8 6.4 | -3.8% |-32¢H|-3.6%H| -3.2% | -6.6% | -4.9% [ 27+ | -01" | -15
PsxP, | 015 1.0 | 053 [ -5.9% | -5.4* | -5.8% |-10.3**'|-13.6*\[-12.3**1| -8.7%L [ -7.8%*1 | -84t
PaxPs | 48 | 015 [ 2.4 |-2.8%H| -4.0% |-3.6%"| 48%H [3200H | 3gH | 06 | -1.7 | -13
L.S.D.oos | 7.95 | 861 [ 813 | 0.05 | 005 [ 0.05 | 1.89 | 1.94 | 188 | 1.85 | 2.08 | 1.93
L.S.D.oor | 10.7 | 11.6 [ 108 | 0.07 | 007 | 007 | 255 [ 2.62 | 250 | 2.49 | 2.80 | 2.57

*** Significant and highly significant at 0.05 and 0.01 probability levels, respectively .
H=The highest value

L= The lowest value

Genetic parameters, including additive (Y0A), dominance (YUD),
reciprocal effect ('or),additive variance x year (YQA % Y), non-additive genetic
variances x year ("0D x Y) and reciprocal effect x year (‘or x Y) in addition to

9



Abd El-Hadi, A.H.et al.

heritability in broad (h%%) and narrow (h?,%) senses for vegetative traits and
the obtained results are presented in Table 6.The results from the two years

and the combined data illustrated that the magnitudes of 5'A were larger in
magnitudes than corresponding values of §'D for V.L.cm, F.W./P.g. and
D.W./P.g traits. On the other hand, the magnitudes of 5'D were larger for
No.L./P. and L.A.cm?2. The results also indicated that the magnitudes of TOA x
Y were larger than those of oD x Y for all studied traits except L.A.cm? trait.
It could be emphasized on the important of YOA and YUD for the inheritance of
the studied traits. The obtained results of 'GA and YUD could explain the
presence of heterosis could be due to "D and "OA x A epistasis. The results

also cleared the presence of 'Cr for all studied traits. All of genetic
parameters played an important role in the inheritance of all studied traits.
Similar results were obtained by values of heritability in narrow sense.

The results also illustrated the importance of reciprocal variances (Yor),
which was larger than both additive and dominance genetic variances,except
for L.A.cm2.This result indicated that these traits not only controlled by
nuclear genetic factors,but also the cytoplasmic genetic factors which play an
important role in the inheritance of these traits.The same trend was also
observed for vegetative traits as presented in the same table for earliness
traits. Thus,both additive (*UA),non-additive genetic variances including
dominance ('oD) contributed to the inheritance of No.1stF.F.N, D.15tF.F. and
D.15tM.F.traits. The dominance (‘CUD) genetic variance was larger than the

corresponding values of additive genetic variance (*QA) for No.1stF.F.N trait.
This suggests that dominance genetic variance played the major role in the
genetic expression of earliness traits. On the other hand, the magnitudes of

YOA were larger for D.1sF.F. and D.1stM.F. This suggests that additive
genetic variance played the major role in the genetic expression of these
traits. Furthermore, the reciprocal effect variance (*Qr) were positive for all
studied earliness traits, indicating that cytoplasmic factors have their role in
the expression of these traits in addition to nuclear genes.

The values of heritability in broad (h?%) and narrow (h?:%) senses
were also estimated and the results are cleared in the same Table.

Concerning heritability values from the combined data. The results
indicated that the magnitudes of the values in broad sense (h2:%) were
always larger than their corresponding narrow sense (h%:%) for all studied
traits. The values of heritability in broad sense ranged from 24.71% to
82.01% for No.L./P. and L.A.cm? traits, respectively. In the same time, the
highest value of h?,% was 74.24% for D.15'F.F. These obtained values of
heritability indicated the possibility of improving these studied traits through
selection programs in the segregated generations.

The results also cleared that GCA mean squares were important than
that SCA mean squares for all studied traits except for L.A.cm? and
No.1stF.F.N. This finding cleared that additive genetic variances were more
important in the inheritance of these traits. This was emphasized by the ratio
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of GCA/SCA exceed one. Meanwhile, the SCA mean square or non-additive
genetic variances were more important than GCA mean squares for L.A.cm?2,

The reciprocal effect variance was significant for combined data for all
studied traits except for D.W./P.g, No.18tF.F.N. and D.1s‘tM.F. While, the
interactions of GCA by years (GCA x Y), SCA by years (SCA x Y) and rec. by
years (Rec.xY) were insignificant for all studied traits. The interaction
between crosses by years were only significant for D.15tF.F.

Positive or negative GCA effects (gi) estimates could indicate that a
given inbred is better or poorer than the average of the group involved with it
in the complete diallel crosses mating system.

The general combining ability effects (gi) of four parents for vegetative
and earliness traits of the two years and their combined data are given in
Table 7.The results revealed that the P1 for GCA effects showed (desirable)
positive and highly significant values for V.L.cm, No.L./P., F.W./P.g and
D.W./P.g. While, it only significant for L.A.cm2. On the other hand, the GCA
effects showed highly significant and positive (desirable) for the parent P2 for
L.A.cm? for the two years and their combined data. These results indicated
that the parents Ps and P4 having negative (undesirable) and significant GCA
for V.L.cm, No.L./P. and D.W./P.g.

These results indicated that the parents P> and Pi1 were the best
combiner for L.A.cm2. In the same time, the two parents P1 and P2 were the
best combiner for No.L./P. Meanwhile, the GCA effects were significant and
positive for most studied traits. The parent P1 was the best combiner for
V.L.cm, No.L./P., F.W./P.g and D.W./P.g. The results for the two years and
their combined analysis revealed that the GCA effects showed (desirable)
negative and highly significant values to the parent P2 for all earliness traits,
No.1stF.F.N, D.1sF.F. and D.1s*tM.F. toward earliness. Meanwhile, the GCA
effects were found to be significant and positive (undesirable) for the parent
Ps for all studied earliness traits.

Estimates of specific combining ability effects (si) of 12 hybrids for
vegetative and earliness traits for two years and their combined data are
presented in Table 8. The results showed that the F1 hybrids P1x Pz and P2 x
P4 showed highly significant positive (desirable) of SCA effects for V.L.cm for
combined data. While, the F1 hybrids P1 x P2 and Pz x P4 showed highly
significant and negative (undesirable) of SCA effects for combined data for
the same trait. The F1 hybrid P1 x P3 gave the highest value for V.L.cm 2.90
for the combined data. On the other hand, Fir hybrids P2 x P1, Pz x P1, P4 x
P1 and P4 x P3 showed highly significant positive (desirable) of SCA effects
for V.L.cm for combined data. While, the Fir hybrid Ps x P2 showed highly
significant negative (undesirable) of SCA effects for combined data for the
same trait. The Fir hybrid Ps x P1 showed the highest value 22.3 for the
combined data for the same trait.

For No.L./P.,the F1 hybrid P2xP4 gave the highest significant value 1.02
for the combined data. While, the Fir hybrid P3 x P1 showed the highest value
6.63 for combined data for the same trait. For L.A.cm? the F1 hybrid P1 x P3
cleared the highest value 3.37 for the combined data. While, the Fir hybrid P4
x P2 gave the highest value 0.11 for the combined data for the same trait. For
F.W./P.g the F1 hybrid P1 x Ps cleared the highest value 56.4 for combined
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data. While, the Fir hybrid Ps x P1 gave the highest value 131 for combined
data for the same trait. For D.W./P.g the F1 hybrid P1 x P3 gave the highest
value 2.75 for combined data. While, the Fir hybrid Ps x P1 gave the highest

value 28.3 for the combined data for the same trait.
Table 5: Analysis of combining abilities and mean squares of Fi1 hybrids for
vegetative and earliness traits.

V.L.cm No.L./P. L.A.cm? F.W./P.g

S.V. df. | Yy Y, |comb.| Yi Y, |comb.| Yi Y, |comb.| Yi Y, [comb.

Crosses 11 | 5158+ | 510% [ 1023+ | 61.42** | 44.95% | 104.4** | 45.55* | 36.97** | 81.36** | 100906+ | 100179 | 200226**

G.CA. 3 135.9~ | 146+ | 281.7~ | 8.80* | 9.78* | 18.2* | 19.24* | 16.14* | 34.84* | 18145* | 23569** | 41453**
S.CA. 2 42.2% 21.6 61.2* 7.67 5.59 13.2 | 39.73* | 31.08* | 70.4* | 11851 | 8469 | 20091

R.E. 6 | 2332~ | 231 |463.7 [ 3060 | 20.7* | 50.3* | 4.98 | 4.17* | 8.84* |48642* [46613 | 94937
C x Y 11 - - 3.19 - - 1.93 - - 1.16 - - 859
G.CA.xY 3 - - 0.29 - - 0.38 - - 0.55 - - 260.7
S.C.AA. xY 2 - - 2.60 - - 0.10 - - 0.41 - - 229.6
RE. xY 6 - - 0.94 - - 0.96 - - 0.30 - - 318.1
Pooled Error 22/44 | 1.90 1.73 1.81 0.81 1.37 1.09 1.45 1.09 1.27 1458 | 787.6 | 1123
G.C.A./S.C.A. - 3.22 6.76 4.60 1.15 1.75 1.38 0.48 0.52 0.49 1.53 2.78 2.06
G.CAxY/SCAXY| - -- -- 0.11 — - 3.80 —- —- 1.34 - -- 1.14

Table 5: Cont.
D.W./P.g No.15'F.F.N. D.15'F.F. D.13*M.F.

S.V. d.f. Y1 Y2 |comb.| Yi Y2 |comb.| Yi Y2 |comb.| Yi Y2 |comb.

Crosses 11 | 895.9% | 820.3+ [1691.2+| 0.013** [ 0.008* [ 0.019** | 17.04** [ 23.14* | 39.69** | 4.22* | 7.63 | 10.04**
G.CA. 3 105.2¢ | 278.8* | 468.4+ | 0.000 | 0.004 | 0.012* | 14.49* | 19.24* | 33.4% | 2.35 559 | 7.36*
S cA. 2 386 | 6201 | 4820 | 0.006 | 0.006 | 0.012* [ 0.45 115 1.49 0.26 1.75 1.25
RE. 6 | 4486+ | 341.3~ | 7832 | 0.002 | 0.001 | 0.003* | 3.02* [ 414 | 7.06~ | 1.32 1.29 2.04

C xY 11 - - 251 - - 0.001 - - 0.49 - - 1.81%
G.CA.xY 3 . . 5.65 - - 0.0008 - - 0.34 - - 0.58
S.CA.xY 2 - - 17.6 - - 0.0001 - - 0.11 - - 0.76
RE. xY 6 . . 6.63 - - 0.0001 - - 0.10 - - 0.56
Pooled Error 22/44 | 104 122 11.3 | 0.0006 | 0.0007 | 0.0006 | 0.59 0.62 0.60 0.56 0.71 0.63
G.C.A/S.CA. - 5.06 4.50 9.70 15 0.7 1.0 32.2 16.7 22.4 9.04 3.19 5.89
G.C.AXY/S.CAXY - 0.32 8.00 3.09 - - 0.76

*** Significant at 0.05 and 0.01 levels of probability, respectively .

The F1 hybrids P1x P3 and P2 x P4 showed highly significant negative
(desirable) of SCA effects for No.15'F.F.N. from combined data. While, the Fur
hybrid P4 x P2 was significant and negative (desirable) of SCA effects for
combined data for the same trait. This value was -0.044 for the combined
data for the same trait. For D.15'F.F. the F1 hybrids P1 x P4 and P2 X P3
showed the highest negative values for combined data. While, the Fir hybrid
Ps x P2 gave the highest negative value -1.95 from the combined data for the
same trait. For D.15tM.F. the F1 hybrids P1 x Pz and P2 x P4 gave the highest
negative values for combined data. While, the F1 reciprocal hybrid Ps x P1
gave the highest negative value -1.18 for the combined data for the same
trait.
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Table 6: The relative magnitudes of different genetic parameters and heritability for
vegetative and earliness traits for each year and the combined data over the

two years.
para%ee”t‘;‘r'scand V.L.cm No.L./P. L.Acm? FW./P.g
heritability Y1 Yz |comb.| Yi Y, |comb.| Y Y, |comb. | Yi Y2 | comb.
‘OA 46.8 | 622 | 556 | 056 | 2.1 1.18 |-10.24 | -7.48 | -8.92 | 5197 | 7550 | 5332
‘oD 202 | 994 [ 147 | 343 | 211 | 327 | 191 [ 150 | 175 | 3148 | 3841 [ 4965
‘or 115.6 | 1149 [ 1157 | 149 | 967 | 124 | 176 | 153 [ 2.14 | 23592 | 22913 | 23655
"OAxXY - - 0.57 - - 0.07 - - -0.03 - - 7.75
‘UDxY - - 0.39 - - -0.49 - - 0.43 - - |-446.6
Grxy - - -0.44 - - -0.06 - - -0.49 - - |-402.4
‘GE 1.89 | 173 | 181 [ 081 [ 1.37 | 1.09 | 1.45 | 1.09 | 1.27 | 1458 | 787.6 |1122.8
H%,% 36.32 | 38.22 | 37.24 | 20.25 | 27.61 | 24.71 [ 85.61 | 85.13 | 82.01 | 24.99 | 32.46 | 29.35
h2,% 25.37 | 32.95 | 29.45 | 2.84 | 13.77 | 655 [ 0.00 | 0.00 | 0.00 | 1556 | 21.52 | 15.20
Table 6: Cont.
Genetic parameterED.W./P.g No.15'F.F.N. D.15'F.F. D.15'M.F.
and heritability Y, Y, |comb.| Yi Y, |comb.| Yi Y, |comb.| Y1 Y, |Comb.
OA 95.7 | 108.4 | 108.0 [0.0014]0.0014]0.0004| 7.02 [ 9.04 | 7.92 | 1.04 | 1.92 | 158
‘4D 3.26 | 24.9 | 7.68 [0.0028]0.0028]0.0031| 0.07 [ 0.27 | 0.35 | 0.15 | 052 | 0.12
‘or 219.1 | 1645 | 194.1 |0.0005 | 0.0002 | 0.0006 [ 1.22 | 1.76 | 1.74 | 0.38 | 0.29 | 037
"GAXY - - 3.16 - - |0.0002| -- - 0.058 - - 0.05
‘oD xY - - 2.98 - - |-00003]| -- - |-0246| -- -- 0.06
Orxy -- -- -2.32 -- - |-00003| -- -- -0.25 -- -- -0.04
"OE 10.37 | 12.15 [ 11.26 | 0.0006 | 0.0007 | 0.0006 | 059 [ 0.62 | 0.60 | 0.56 | 0.71 | 0.63
h2,% 30.13 | 43.01 [ 35.36 | 79.25 | 82.35 | 71.43 | 79.66 | 79.64 | 77.52 | 55.87 | 70.93 | 60.50
hZ,% 29.14 | 34.97 [33.01 [ 26.42 | 27.45 | 8.16 | 78.88 | 77.33 | 74.24 | 48.83 | 55.81 | 56.23

Note: Negative values were considered equal to zero during the calculation of heritability in broad and narrow senses.

Table 7: General combining ability effects (g;) of the four parents for vegetative and

earliness traits from each year and from the combined data.

V.L.cm No.L./P. L.A.cm? F.W./P.g
Parents| Y: Y2 |Comb.[ Yi Y2 |Comb. Y1 Y2 |Comb.| Yi Y2 [Comb.
P1 8.61* | 8.83* | 872 | 1.21* | 1.74* | 1.48~ | 0.76* | 0.75* | 0.76* | 95.4* | 111.7* [ 103.5**
P2 -1.48* | -1.05* | -1.27+ [ 1.13= [ 0.79* [ 0.96* [ 1.67* | 1.96* | 1.81* | -59.6** | -60.0** | -59.8**
P3 -3.84* | -4.22* | -4.03* [ -0.41 | -0.78* [ -0.60 | 0.80* 0.07 0.43 | -30.4* | -37.5* [ -34.0n
P4 -3.30* | -3.55* | -3.43* [ -1.93* [ -1.75 [ -1.84* [ -3.23* | -2.78* | -3.00* | -542 | -142 | -9.79
L.S.D.oos| 0.87 0.83 0.83 0.57 0.74 0.64 0.76 0.66 0.70 24.2 17.8 20.7
L.S.D.oo| 1.19 1.13 1.11 0.77 1.00 0.86 1.03 0.90 0.92 32.9 24.1 27.7
Table 7: Cont.
D.W./P.g No.15'F.F.N. D.15'F.F. D.15'M.F.
Parents| Yi Y2 |Comb.[ Yi Y2 |Comb. Y1 Y2 |Comb.| Y1 Y2 [Comb.
P1 10.2% [ 12.5% | 11.3* | -0.002 | -0.006 | -0.004 | -0.083 | -0.533* | -0.308 | 0.396 | 0.921** [ 0.658**
P2 -4.13* | -4.71% | -4.42* [-0.058** [-0.038** [-0.048** [ -2.075** | -2.108** | -2.092** | -0.971** | -1.687** | -1.329**
P3 -4.88* | -4.79* | -4.83* [ 0.056** [ 0.031** | 0.044** | 2.533** | 3.084** | 2.808** | 0.788* | 0.704* | 0.746**
P4 -1.21 | -2.96* | -2.08* | 0.005 [ 0.013 [ 0.009 [ -0.375 | -0.442 | -0.408 | -0.213 | -0.062 | -0.075
L.S.D.oos| 2.04 2.21 2.07 | 0.015 [ 0.016 | 0.015 [ 0.49 0.50 0.48 0.47 0.53 0.49
L.S.D. o,oj 2.77 2.99 2.77 | 0.021 | 0.022 | 0.021 | 0.66 0.67 0.64 0.64 0.72 0.65

*** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
The degree of association among different traits of squash is of great
importance. The coefficient of genotypic correlation provides a measure of
the genotypic association between pairs of traits to identify the traits which
could be used as indicator for improvement of other traits through the
selection programs.
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Table 8: Specific combining ability effects(sij) of the 12 hybrids for vegetative
and earliness traits from the two years and their combined data.
V.L.cm No.L./P. L.A.cm? F.W./P.g

Hybrids | Y, Y2 |comb.| Y: Y, | Comb.| Y: Y, |comb.| Y: Y, |Comb.
P xp, |290%|-242[-266[-154| 134 [ -1.43~ | -126* | 070 | -0.93 [ -455 | -332r [-39.3~

P1 x P3 3.47% | 2.20%* | 2.90** | 1.10** | 0.90 1.00* 3.61* | 3.10** | 3.37** | 60.0** | 52.9** | 56.4**

-0.60 -0.21 -0.41 0.40 0.44 0.42 -2.40** | -2.30* | -2.35* | -14.4 -19.0 -16.7
P1x Py

-0.61 0.20 -0.20 0.39 0.42 0.40 -2.41%% | -2.34% [ -2.38% | -14.7 -19.2 -16.9
P2 x P3

P, x P4 3.51% | 2.23* | 2.86* | 1.14** | 0.95 1.02* 3.57* | 3.08* | 3.33** | 60.3** | 52.2** | 56.2**

P3 x P4 -2.87* | -2.40** | -2.63** | -1.51* | -1.36* | -1.44* [ -1.15* | -0.74 -0.95 | -45.6* | -33.3* | -39.5**

3.12* | 3.58* | 3.35* | 1.47* 1.58 1.53* -0.72 0.07 -0.33 -15.0 233 4.17
P2 x Py

Ps x Py 22.4% | 22.2%* | 22.3* | 7.58** | 5.68** | 6.63** 0.33 -0.47 -0.07 133* | 128* | 131*

P4 x P; 12.8% | 12.2%* | 12.5%* | 4.28% | 4.05* | 4.17* | -2.53* | -2.60** | -2.57* | 117** | 107* | 112**

Ps x P, -4.32*%* | -5.33** | -4.83** | -3.68* | -3.27** [ -3.43** | -2.23* | -2.12** [ -2.18** | -60.0* | -61.7** | -60.8*

0.92 -0.30 0.31 0.95 -0.40 0.28 0.25 -0.03 0.11 56.7* | 53.3* | 55.0*
P4 x P2

2.08* | 3.63** | 2.86* | -0.07 0.35 0.14 -1.68 | -1.02 -1.35 0.00 10.0 5.00
P4 x Ps3

L.S.D.(si) 005 1.23 117 117 0.81 1.05 0.91 1.08 0.93 0.98 34.2 25.1 29.3
L.S.D.(si)) 001 1.67 1.59 1.57 1.00 1.42 1.22 1.46 1.27 1.32 46.4 34.1 39.1
L.S.D.(ry) oos 2.01 1.92 1.92 1.32 1.71 1.49 1.76 1.53 161 55.9 41.1 47.9
L.S.D.(ry) o1 2.73 2.61 2.56 1.79 2.33 1.99 2.39 2.07 2.15 75.9 55.8 64.0

Table 8: Cont.

D.W./P.g No.1S'F.F.N. D.1S'F.F. D.15'M.F.

Hybrids | Yy | Y, [comb.| Yi | Yo |comb.| Yi | Yo [comb.| Yi | Yo |Comb.
Py x P, -0.83 -2.94 -1.89 | 0.003 | 0.001 0.002 0.164 | 0.408 | 0.286 | 0.180 | -0.390 | -0.105

P, x P3 1.11 | 447 | 2.75 [-0.041**|-0.043**| -0.042** | 0.220 | 0.200 | 0.210 | -0.289 | -0.375 | -0.332
P x P4 -0.29 -1.50 -0.90 |0.035**]0.040**[ 0.037** | -0.386 | -0.608 | -0.497 | 0.110 | 0.760* | 0.434
P, x P3 -0.25 -1.53 -0.89 |0.038**|0.039** | 0.039** | -0.380 | -0.610 | -0.494 | 0.109 | 0.764* | 0.436
P, x P4 1.08 | 4.50* | 2.70 [-0.049**|-0.045**| -0.047** | 0.224 | 0.204 | 0.214 | -0.295 | -0.375 | -0.335

Ps x Py -0.81 | -2.92 | -1.87 | 0.003 | 0.001 0.002 0.160 | 0.412 | 0.285 | -0.183 | -0.386 | -0.285

P, x P1 -2.33 -3.50 -2.92 | -0.002 | 0.00 -0.001 0.00 | -0.367 | -0.183 | -0.20 | 0.184 | -0.008

Ps x Py 30.2** [ 26.5** | 28.3** [-0.037*| -0.035 | -0.036* | -1.30* | -1.42* | -1.36* | -0.85 | -1.52* | -1.18*

P, x Py 18.8** | 15.3* [ 17.1* [ 0.007 | 0.008 0.007 | -0.384 | -0.177 | -0.25 | 0.517 | -0.850 | -0.167

Ps x P, -4.80* | -6.30* | -5.58* [ 0.025 | 0.005 0.015 | -1.90** | -2.00** | -1.95** | -0.840 | -0.717 | -0.782

P, x Py 6.50** [ 5.80* | 6.17* |-0.045*-0.042*| -0.044* | 1.80** | 2.42** | 2.11* | 1.48* | 0.534 1.01

P, x P3 -3.17 0.00 -1.58 | -0.027 | -0.008 | -0.018 | -0.617 | -0.65 | -0.633 | 0.017 [ -0.084 | -0.033

N 2.88 3.12 2.93 0.022 | 0.024 0.021 0.69 0.69 0.68 0.67 0.75 0.69
L-S-D-(SIJ) 0.05

L.S.D.(Sij) 001 3.91 4.24 3.92 0.031 | 0.032 0.031 0.93 0.94 0.90 0.91 1.02 0.93

L.S.D.(ri) 0.s 4.71 5.10 4.79 0.036 | 0.039 0.035 1.12 1.15 111 1.09 1.23 1.13

L.S.D.(ri) ooz 6.30 6.65 6.41 0.049 | 0.053 0.047 1.53 1.56 1.48 1.49 1.67 152

*** Significant and highly significant at 0.05 and 0.01 probability levels, respectively .

The covariance analysis between pairs of all studied traits were made
from the combined data over both years. Subsequently, genotypic (rg) and
phenotypic (rph) correlations were determined and the results are presented in
Table 9. The results showed positive highly significant genotypic (rg) and
phenotypic (rpn) correlations between V.L.cm and No.L./P., F.W./P.g and
D.W./P.g. The coefficients were 0.93, 0.96 and 0.96 for genotypic correlation
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and 0.89, 0.93 and 0.91 for phenotypic correlation, respectively. At the same
time, No.L./P. trait showed highly significant positive genotypic and
phenotypic correlations with L.A.cm?, F.W./P.g and D.W./P.g the coefficients
were 0.68, 0.91 and 0.90 for genotypic correlation and 0.66, 0.87 and 0.86
for phenotypic correlation, respectively. On the other hand, L.A.cm? showed
highly significant and positively genotypic correlation with F.W./P.g and
D.W./P.g. The coefficients were 0.63 and 0.62, respectively. While, the same
trait showed highly significant positive phenotypic correlation with F.W./P.g
and the coefficient was 0.64. F.W./P.g showed highly significant positive
genotypic and phenotypic correlations with D.W./P.g. The values coefficients
were 0.99 for genotypic correlation and 0.96 for phenotypic correlation,
respectively. Also, No.1stF.F.N showed highly significant positive genotypic
correlation with D.15%F.F. and D.1s*M.F. the coefficients were 0.63 and 0.62,
respectively. D.15'F.F. showed highly significant positive genotypic correlation
with D.15*M.F. the coefficient was 0.95.

In general, most pairs of studied traits exhibited negative genotypic and
phenotypic correlation coefficients. However, the same pairs of traits showed
significant positive genotypic and phenotypic correlation among them. These
results indicated that the selection of one trait would improve the other
correlated trait.

Table 9: Genotypic (above diagonal) and phenotypic (below diagonal)
correlation for all pairs of vegetative and earliness traits.

Traits V.L.cm|No.L./P.|L.A.cm?|F.W./P.g| D.W./P.g | No.15F.F.N. |D.15'F.F. [D.15'M.F.
L.em 0.93** 0.59* 0.96** 0.96** -0.41 -0.51* [ -0.57*
No.L/P. 0.89 0.68* | 0.91** | 0.90* -0.56* -0.57* | -0.66*
L.Acm 0.60* | 0.66** 0.63** 0.62** -0.65** -0.70** | -0.84**
FW./Pg 0.93** | 0.87** | 0.64** 0.99%* -0.44 -0.54* | -0.60*
D.W./P.g 0.91**| 0.86** 0.61* 0.96** -0.43 -0.55* [ -0.60*
NoT"FFN. [-0.35 | -0.43 | -0.55* | -0.36 -0.34 0.63* | 0.62**
p.IFF. 045 | -046 | -0.61* | -0.46 -0.47 0.51* 0.95*
.M F. -0.42 | -0.46 | -0.57* | -0.43 -0.41 0.43 0.56*
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