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ABSTRACT

This investigation was conducted 1o study the manifestation of heterosis and evaluate the genwtic behavior of some
quantitative fraits of squash. Four parental varieties (Eskandrari, Zucchine mezza hung bianco, White Bush Scallop and
Zucchino nano verde di Milang) were used and 12 F; ;, hybrids were obtained through diallel crosses mating design.

Tests of significance of the mean squares of the 16 genotypes (four parenta] varieties and 12 F,, ;. hybrids) showed
highly significant vaniations for ail studied yield and yield component traits for the combined data. The results cleared that
the mean values showed that no specific parent was superior for all studied traits.

The resuits oiso indicated that the amounts of heterosis versus mid-parents showed highly significant values for all
studied traits. The estimates of heterosis versus the better parent showed highly significonce for most studied traits. The
results revealed the importance of general and specific combining abilities. However, GCA values were larger than their
corresponding estimates of SCA for studied yield and yield component traits at both I, ;, hybrids. Reciprocal effects (r) were
significant for mast studied traits for the combined data.

Estimation of genetic parameters showed that additive genetic variance was very important for most studied traits.
The importance of additive and non-additive genetic variance added to cytoplasmic genetic factors that played the major role
in the inheritance of these traits. The estimates of heritability in brood sense were larger in magnitudes than their
corresponding vaiues in narrow sense,

Most pairs of studied traits showed highly significant positive genotypic and phenotypic correlation coefficients
among (No.F/P. with F.Y/P.kg), (F.L.cm with F.Sh.1) and (F.D.cm with W.F.g). Therefore, plant breeders could design
programs, which make use of these advantages 10 select superior lines from the advanced segregating generations of the high

yielding F hybrids.

INTRODUCTION

Thc manifestation of heterosis as well as the

nature of gene action were studied in squash by
many awthors among them El-Adl ef al. (1988), Kash
and El-Diasty (1989) and Damarany ef al (2001).
They estimated heterosis for yield and some
economical traits in squash and melon. They cleared
that the amounts of heterosis were observed over the
mid-parents values or over its best parent for all yield
and yield component traits. In this respect, El-
Mighawry er al.(2001a) evaluated five muskmelon
cultivars and their ten F, hybrids. They cleared that
heterotic expression over mid and better parents were
positive and significant for number of fruits/plant trait.
Similarly, El-Shimi et al. (2003) observed heterosis
values over mid-parents. While the heterosis values
against the B.P. were insignificant for number of
internodes in the cross Py x P, and total fruit yicld/fed.
for P, x P, and P; x P, crosses.
abilities, Farid (1990) investigated the magnitudes of
genetic parameters in cucumber. He indicated the
importance of both dominance and additive genetic
variances for all studied traits. On the other hand, El-
Sharkawy (2000) stated the presence of additive and
some partial dominance effects for fruit length and
fruit shape traits. In pampkins, Abd El-Rahman et al.
(2001) found significamt differences amoung the ten
studied populations. In this respect, Ana and Staub
(2002) revealed that GCA was significant for all
studied traits, while SCA was significant for only fruit
number. Moreover, Kamooh (2002) studied GCA and

SCA for some traits in squash. He showed that the
GCA and SCA, conmiributed highly significant
differences and seemed to be responsible for the
differences noticed among the single crosses. In sweet
melon, Shamloul (2002) cleared that §°m was uegative
myleldperplant,dmmeteroﬁnmandshapemdex,
while 5% was positive for all studied traits. He
also indicated that the magnitudes of 5 mf values were
higher thaa those of 5°m for all studied yield traits,
except for length of fruits trait. In squash, Abd El-Hadi
and El-Gendy (2004) studied four squash varieties and
their 12 Fy ;, hybrids. They cleared that the anatysis of
variance of diallel crosses indicated that the mean
aquares 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) showed that GCA were larger than
their corresponding estimates of SCA for all studied
iraits at both F,,;, hybrids and F.,,, generations.

Abd El-Hadi ef al. (2001) reported that total
yield per plant and length of fruit in sweet melon were
positively correlated with weight of fruit traits. On the
other hand, El-Mighawry ef al. (2001b) in watermelon
obtained negative correlations among number of
branches, number of leaves, number of days to male
flowering and number of seeds. Dara ef al. (2002) in
yield per plant trait was significantly and positively
correlated with number of fruits per plant, froit set
(%), and fruit retention (%) both at genotypic and
pbenotypic levels. In squash, Abd El-Maksoud ef al.
(2003) reported that most pairs of traits exhibited
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cocficicnts, while the following pairs of traits showed
positive and significant correlation:- sex ratio with days to
the first fernale flower, early yield as weight and sumber
ciﬁuﬂsmﬂw?pudmgpuplmﬁwnhunlyﬂdasw

ecopomical traits for four parental varicties, six F,
hybrids and six F;, hybrids.

MATERIAL AND METHODS

Four different squash varieties belong to
Cucurbita pepo, L. were used in this stody. These
varictics were: Eskandrani (P;), Zucchino mezza lung
bianco (P,;), White Bush Scallop (P;) and Zuechino
nano verde di Milano (P,). The seeds of these parental
varietics were obtained from different countriesie.: Py
from Egypt, P, from Germany, P; from United States
of America (U.S.A.) and P, from Italy. All these
varieties represent a wide range of variability for most

The four parental varieties were self-
pollinated for three generations to oblain inbred lines
of squash. In the summer growing season of 2002, all
according to a complete diallel crosses mating design
to produce six F; hybrids and six F, reciprocal hybrids.
In the same growing season, the parental varieties
were also self-pollinated to obtain enough seeds from
each variety. In the two summer growing seasons of
2003 and 2004, all the 16 genotypes obtained from the
last season were evaluated in a ficld trial experiment at
El-Barmoun Station, Vegetables Research Station,
Mansoura,

The experimental design used was a
randomized complete blocks design with three
replications, Each block consisted of 16 plots, The plot
or the experimental unit was one ridge 5.0 m. long and
1.0 m. wide. The distance between hills 0.5 m. apart.
Therefore, each ridge contained 10 hills,

Data were recorded on several plants within
each plot for the following traits: first picking date
(1"P.D.), number of fruits per plant (No.F./P.), fruit
vield per plant (P.Y /P kg), fruit length (F L cm), fruit
diameter (F.D.cm), fruit shape index (F.Sh.L) and
weight of fruit (W.F.g).

The significance of differences among
genetic means for all siadied traits were detected
according to F-test. The analysis of variances and the
expectations of mean squares were made acconding to
Steel and Torrie (1960).

The amounts of heterosis were determined as
the deviation of the mid-parents and the better parent
as follows :

1, Heterosis from the mid-parents:-
F ~-MP)
H{F),MP) %= e x 100
MP.

2, Heterosis from the better parent:-

“("-BP)
_HF,BP)%=
B.P.

The avalysis of vari of diallel
were made to obtain the estimates of general
combining ability (G.C.A.), specific combining ability
(5.C.A.) and reciprocal effect (r). The procedures of
these Analysis were described by Griffing (1956)
method I

The estimates of GCA variance (5’g) and
SCAmm(&’s)wuldbcexpressedmtcrmsof

genetic  variances according to Matzingar and
Kmq:thorne(!%ﬁ)md(:od:uham(w&)wnhthe

x 100

assumption that there was no epistasis.
RESULTS AND DISCUSSION
1. Amalysis of variances:-
The analysis of variances for all
genotypes for yield and yield comp. . These

traits were: ﬁrstptdnngdate(l"P.D),nunﬁerof
fruits per plant (No.F./P.), fruit yield per plant
(F.Y/Pkg), fruit length (Fl.cm), fruit diameter
(F.D.cm), fruit shape index (F.Sh.l) and weight of
fruit (W.F.g). The results of analysis of variances and
for all genotypes are presented in Table (1).

The results cleared that the mean squares of
genotypes showed highly significant values for all
stadied yield traits in the combined data. These results
indicated the presence of large variations among the
expecied where the genotypes in this investigation
included variable genetic materials of parental
varicties, F; hybrids and F;, hybrids. Thus, the
partition of the genetic variation to its components
conld be made through the analysis of complete dialle}
€TO88¢S.

2. Mean performances of genotypes:-

Mean performances of four parental varieties, F,
hybrids and F; reciprocal hybrids for yield and yield
component traits were obtained and the results are
presented in Table (2). The results showed that there
was no single parent exceeded the other parents for all
studied yield traits. It was also regarded from the
results in the combined data that the parental variety
Zucchino mezza lung bianco (P;) was the earlier
parent and has the lowest mean for 1°P.D. In the same
time, Eskandrani (P;) and Zucchino nano verde di
Milano (P,) were the highest parents for No F./P. and
Eskandrani (P,) was the highest parent for F.Y./P.kg
and FL.cm. While, the parental variety White Bugh
Scallop (P;) was the highest parent for 1"P.D.
{undesirable), F.D.cm andd W.F.g, but it was the lowest
paremt for No.F/P., FY/Pkg FL.cm and FShl
traits.

The parental variety P, was the lowest variety
for F.D.cin and W.F.g traits. It was also noticed from
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the same table that the differences between the means
of the lowest parent and the highest parent were
of genetic differences between the four parents. In
general, these results suggested that there was a wide
range of variation among parcntal varicties for ail

The results indicated that the highest F,
hybrid was P, x P, with the mean 2.96. While, the
highest ¥, reciprocal hybrid was P, x P, with the mean
2.78 for FY./Pkg in combined data. On the other
hand, F, hybrid P, x P, was the lowest with the mean
2.47 for combined data. While, P, x P, F, hybrid was
the lowest with the mean 2.29 for combined data for
the same trait. The results cleared that the means of F
hybrids for the combined data ranged from 44.9 to
503; 19510 21.7, 247 t0 2.96; 8.3 10 152; 293 to
5.78;, 1.44 10 4.56 and 1191 to 1409 for 1"P.D,,
No.F./P, FY/PXxg Fl.cm, FDcm, F.Shl and
W.F.g, respectively. On the other hand, the mean
values in Fy; hybrids ranged from 43.0 10 52.4; 17.3 to0
22.0; 229 10 2.78, 8.0 10 15.8; 3.00 10 5.55; 1.44 to
4,92 and 1239 to 136.6 for the same obvious traits,

Conceming the performances of ¥, hybrids
--and ¥y hybrids for yield and yield component traits,
the results indicated that the raagnitudes of the means
of F, hybrids and Fy, hybrids were close 1o each other
for most studied traits. At the same time, the results
showed presence of significant differences among
hybrids for many stndied traits. It was also cleaved that
some F, hybrids and F,. hybrids exceeded the better
parent for yield and yield component traits. As we
would expect, there were a higher heterotic values
over the mid-parents.

3. Heterosis:-
3.1. Heterosis from the mid-parents:-

Mid-parenis (M.P.) ranges, heterosis versus
the mi were cstimated and the results are
presented in Table (3). The resulis cleared that the
average means of F, hybrids significantly exceeded the
mid-parents for all studicd traits. Therefore, all studied

The results indicated that the obtained values
of heterosis from the mid-parents for F, hybrids from
the combined data ranged from -13.1 t0 -3.6 for
1"P.D.; 21.3 to 70.3 for No.F./P; 33.4 to 102.6 for
FY./Pkg 28 to 23.5 for FL.cm; 3.6 t0 33.5 for
FD.cm; 432 to 1.3 for F.ShI and 3.7 to 18.2 for
WFg At the same time, the calculated values of
heterosis over the mid-parents for F,, hybrids ranged
from -12.7 10 -3.4; 21510 520, 41.31081.2, 13 1o
344; 1710 295, -43.1 t0 8.9 and 79 10 19.3 for
1"P.D., No.F./P.,, F.Y/PXkg, Fl.cm, F.D.cm, F.Shl

and W.F.g, respectively.

3.2. Heterosis from the better parent:-

Better parent (B.P.) ranges and heterosis
egainst the better parent were estimated for yield and
yield component traits and the results arc presented in
Tabie (4). The results cleared that the calculated values
of betcrosis over the better parent for F; hybrids from
the combined data ranged from -7.9 1o 1.2 for 1*P.D.;
18.3 10 34.5 for NoF./P.; 2921066 2 for FY./P kg, -
35910 17.4 for F.L.cm; -3.3 10 20.1 for F.D.cm, -68.6
t0 -0.4 for F.Sh.] and 2.8 to 15.2 for W.F.g. Similarly,
the values of heterogis measured from Fy, hybrids
ranged from -11.7 to 4.1; 4.9 10 33.0; 19.7 to 55.2; -
3861021.2;- 10810 176, -68.6106.9and 4110153
are in agreement with the results obtained by Abd El-
Hadi et al. {2001), Damarany et al. (2001), Shamboul
{2002) and Abd Ei-Maksoud et al. (2003).

LAndyﬁldmbinilg:biﬁtyvmz-

"The analysis of variance for combining ability
of four varieties and their 12 F; hybrids for yield and
yicld components, in two years and their combined
daia are presented in Table (5). The results revealed
that the mean squares of hybrids showed highly
significance differences for all studied traits. The
results also cleared that the mean squares of general
combining ability (GCA) and specific combining
ability (SCA) exhibited significance values for ail
that the additive and non-additive gene actions were
involved in the inheritance of all studied traits. While,
the mean squares due to general combining  ability
were highly siguificant for 1"P.D, FLom, FD.cm
aMF.Sh.l.fucmnbineddataMthemﬁm,th:
mean squares doe 0 reciprocal effect wese highly
significant for F.L.cm, FD.cm and F.Sh.l traits for
combined data. The values of GCA mean squares were
higher than those of SCA mean squares for all studied
vield traits. These results cleared that additive genetic
variances were important in the inheritance of these
traits. Meanwhile, the combining ability interaction
with years (GCA » Y), (SCA x Y) and (Rec. * Y)
were insignificamt for traits and could be negligible
with the except of (GCA * Y), (8CA = Y) and (Rec. *
Y) for FY/Pkg While, the interaction beiween
crosses by years exhibited highly significant values for
F.D.cm frait.

S. Genetic parameters and heritability:-

The relative magnitudes of genetic parameters
were estimated for vield and yield component traits
andtheoumnedmﬂmmshownm'rablc(é) The
results showed that both additive (5°A) and non-
additive genetic variances including dominance (5°D)
were positive for all studied traits except for F.Y./P.kg.
The observed data indicated that these variances play a
rolc in genetic expression of yield and yield
component traits. In addition, although the magnitudes
of additive genctic variance was higher than the
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dominance for all studied traits. It could be suggestod
that additive genetic variance predominsted in the

- -inheritance of these traits. The results also illustrated

t!mthenmpmtanccofmpmmlmnmceswhchm

gmﬁcexpmd‘yieldandywldeompommmm.
In general, the heritability in broad semse
(h.,%)vmhnghathanmemmpondmsvalmd
heritability in narrow sense (h’.%) for all studied traits
except No.F./P and F.Y./Pkg. traits. These values
ranged from - 41.11% to 83.18% for No.F./P and
1"P.D. for the combined data in broad sense,
ively. In the same time, the highest values of
b % was 82.07% for the combined data for F.L.cm
tait. These results ave in agreement with the resnlis
obtained by Abd El-Hadi et al. (2001), Para ¢t al.
(2002) and Abd El-Maksoud ef al. (2003).

6. General combining ability effects (g) for the
parcutal varieties:-

Positive or negative GCA cffects (g) estimaie

could indicate that a given inbred is better or more
poores than the average of the group involved with it
in the complete diallel crosses mating design. General
combining ability (GCA) effects of four parents for all
studied traits are shown in Table (7). The resuits
revealed that the GCA effects were positive and highly
significant for desirable paremt P, for NoF./P,
F.Y./P kg, F.L.cm and F.5h.1 traits. In this respect, the
_ results also cleared that the GCA effects were negative
(desirable) and highly significant for the pareat P, for
1“P.D. trait toward carliness. While, the GCA effects
were found to be highly significant and positive
(undesirable) for the parent P, for the same trait,
P, and P; scemed to be the best oombiners for
F.Y./P kg trait. In the same time, the two parents P,
and P, were the best combiners for FL.cm and F.ShL
traits. The parent P; was the best combiner for F.D.cm
and W.F.g. traits.

7. Specific combining ability effocts (sy):~
Estimated values of specific combining ability
effects (s;) of 12 F, hybrids for yield and vield

componcnt traits at both years and their combined data

are presented in Table (8). The results illustrated that
the F, hybrids P, x P, and P, x P; showed insignificant
negative (desirable) of SCA effects for I"P.D. trait
from combined data. While, the F; reciprocal hybrid Ps

x P, showed highly significant negative (desirable) of negative

SCA effects for combined data for the same trait. At

the same tiroe, the same F, reciprocal hybrid gave the

highest negative value -1.69 for the combined data for
this trait.

For No.F./P. trait the F; bybrids P, x P, and P,
= P, gave the highest values for combined data. At the
same time, the F; reciprocal hybrid P; x Py gave the
highest value 1.79 for the combined data for the same

trait. For F.Y /P kg the F; hybrid P, » P, gave the same
highest value 0.029 for the combined data, At the same
value 0.237 for the combined data for the same trait.
For FL.cm the F; hybrid P, x P; gave the highest
value 0.229 for combined data. While, the Fy, hybrid
P, % Py gave the highest value 2.73 for the combined
data for the same trait.

For F.D.cm the F, hybrid P; x P, gave the
highest value 0.104 for combined data. While, the Fy,
hybrid P, x P, gave the highest value 1.24 for the
combined data for the same trait For F.Shl the F,
hybrid P, x P; gave the same highest value 0.069 for
the cambined data, At the same time, the Fy, hybrid P,
x P; gave the highest value 1.46 for the combined data
for the same trait. For W.F.g the F, hybrid P; x Py gave
the highest value 1.36 for combined data At the same
time, the F,, hybrid P, x P; gave the highest value 3.75
for the combined data for the same trait.

3. Geootypic and phesotypic  correlation
coefficients:-

The information about the degree of
association among different traits of squash is great
importance. The coefficient of genotypic correlation
provides a mecasure of the genotypic association
among pairs of traits o identify the traits fo be

The covariance Analysis between pairs of all
studied traits were made from the combined data over
both years. Subscquently, genotypic (1) and
phenotypic (1) correlation  cocfficients
Mmimdandtheruuhsmprewemeabh(%
‘The results showed that the magnitudes of phenotypic

correlation were cliose to the corresponding genotypic - -

correlation in most of cases. Meanwhile, No.F./P. trait
phenotypic correlations with F.Y./Pkg trait The
coefficients were 0.94 and 0.93 for genotypic and’
phenotypic correlations, respectively.  Similarly,
FLcm trait showed highly significamt positive
genotypic and phenotypic correlations with F.Shi
trait. The coeflicients were 094 for gepotypic
correlation and 0.88 for phenotypic correlation, In the
same time, F.D.om trait clearod highly significant
positive genotypic and phenotypic correlations with
W.F.g trait with coefficients correlation values 0.75
and 0.67 genotypic correlation and phenotypic
carrelation, respectively,
In general, most pairs of studied traits exhibited
i genotypic and phenotypic corrclation
uoeﬁmns,whllemefdlomngpmsofnmtsshowed
significant positive genotypic and phenotypic
correlations: (No.F/P. with F.L.cm), (F.Y./P kg with
W.F.g). Similar results were obtained by many authors
among them Abd El-Hadi et /. (2001), El-Mighawry
ef al. (2001b), Dara ef al. (2002), Shamioul (2002) and
Abd El- Maksoud ef ai. (2003).
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Table 1: Analysis of variances and moean squares for yield and yicld component traits for each year and

their combined dsta.
1"2.D. Neo.RJ/P, FYJ/P F.L.om
V. | 4t | ¥, Y; Comb. | ¥, Yy | Comb | Y, Y, Comd. | Y, A Comb.
Years 1 - - .09 - - o0 - . 0,00} - - 0.2
2 152 0.19 n3s | o1 0.1 01 Joocaj opol | 0001 | o004 | 0.03 0.04

oon. 15 | 6397 | 474" | s04” | 319" | 116" | 629" {071"| 068 139" 1354 | 390 { 4.7

G <Y | 45 . - 0.91 . . 0.5% . - 0,004 . . .14
F"" 30 136 110 1.3 1.12 1.27 120 | 602 | 0.03 0.02 ale | 012 0.11

Table 1: Cont.
F.D.cm F.Sul WEg
8V. ‘.'!. Y; ¥y M_____ h £1 ¥; Cg__t._ Y, ¥; C_h'_ e I

Yours | 1 - - 0.04 - - 0.12 - - 417
Rep. 2 loooa) o002 0.002 033 0.0 017 09 1.0 1.95
Gon. 15 {501 sy” 10.1" 74" 81" 154" 244.9” | 582" 500.8"

O xY 15 - - 0.02* - - . 0.09 - - 2.39
Eryor 36 [ 001 0.0 0.01 0.18 0,02 0.10 832 7.64 198

*,0¢ Significant at .05 med 0.01 levels of probubiiity, respectively .
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Table 2: m-eaperfomoffmrmvmhm&,hymiormndyneld
component {raits for each year and their combined data.

1.0, No.F./P. FY/Rlg F.Lcm

w \':. "z Comb. Y] Yj Combh. Yl Yz Comb. Yl Y; Comb.

Py 541 [ 3517 539 | 1667 | 164" 1 1635% | 1.93% | 190" | 191% [ 13171 5208 13.0"
P, g4t | 90" | 8T | 157 | 155 156 179 | 176 1.78 129 | 128 129
Py 5914 | 3p4% | 527" | 36" | 94 90 ) tao% | Lot | nis* | 28 | 27t 28
Ps 491 | 503 49,7 1669 | 164% | 163% | L0 | 177 L7 123 | 122 12.3
PyxP; [ 458 | 443% | 449* | 201 ] 222% ] 207Y | 233 | 264 | 238 132 | 134 133
P xPy 499 | 496 49.8 26 | 212 209 273 | 279 2.76 8.1 | 86 g3t
By xPy 463 | 456 | 460 | 208 | 205 | 206 | 248% | 245" | 247 | 137 | 139 138
Pyx Py 465 1 465 467 { 214" | 206 21.0 300% | 2928 | 296% 9.6 9.7 9.7

Py x Py 472 | 977 47.4 1965 ) 1955 | 195t | 258 | 254 2.56 13.0% { is3% 15.2"
Py x Py 502% | 50.4% | 503% | 196" ) 195 | 3195t | 261 | 265 2.63 8.5 g4 8.3

Pix By 436 | 457 43.7 206 | 218 21.1 2.5 | 2.66 261§ 154% ] 161" 1.8
PaxP 523 052355 1 s24% | y75* | 1740 | w3t (232 ] 2280 | 229 | gab | 79" 8.0*

P, %P #3 | 508 | 501 206 | 196 | 201 275 | 262 | 268 143 | 146 14.5
By xPy 478 | 467 | 413 185 | 182 184 | 243 | 241 [ 242 2.5 82 3.4
PyxPy 1434 | 426 | 430 ) 6% | 2230 1 ;eo® 12770 [ 2797 | 2% | 146 | 149 148
Py % Py 5L5 | 5t9 | 5.7 195 { 193 194 | 268 | 262 | 248 102 | 100 10.1

L8.D. g0 1.94 178 1.81 L76 1.38 1.7 0.24 0.29 0.23 0.53 0.58 .54
LS.D. oy 2.62 235 2.41 238 2.53 238 432 0.39 0.31 0.71 0.78 0.72

Table 2: Cont.
F.D.cm ¥.5ul ' WEy
w ¥Y; ¥1 C_ﬂ_. Y!'ﬁ - b 71 C__ﬂ_(h- Y; Y, C*
P, 183 2.85 284 4.62 453 4.58 1162 115.6 115.9
P, 281 2.79 2.80 4.60 4.59% 4.60% 113.9 113.6 113.8
7, s70¥ 5. 75% 5,738 0.49° 0 A7L 0.48° 1271 | 1266" 126.8
P 278" 2.76% 2778 4.44 443 4.43 to8.2* 107.8- 108.0%
P x Py 287" 2.98" 293t 4.61 449 4.53 1199 118.4> 119"
P x B, 5.76 5.84 5.80 140> 147% 144" 132.4 1315 132.0
P> Py 2.97 3.08 3.03 4607 4.53 4.56 119.5F 119.9 119.7
Py > Py 5698 570 37870 1.69 1.66 1.67 0.1% 1 141.8° 1409%
A 338 338 3.36 443 4,595 4.51 B8 130.3 131.1
Py % Py 5.65 5.44 5.54 1.51 1.54 1.53 133.6 135.7 134.6
P <Py 13 3.37 3.4 4.63 479 4.2 124.5" 123.4- 173.9"
P x P, s.s7H 3537 5550 1.46"° 142° 1.44" 132.8 1312 132.0
Pox Py 3.30 332 331 433 4.4 437 133.4 1339 133.6
Py x Py 5.08 3.14 5.1t 1.68 1.59 163 1316 1324 132.0
P < P, 2987 3.03" 3.00" 3927 an? 4.52% 1279 1253 126.6
Py x By 503 5.27 5.15 2.93 1.90 1.97 13737 135.9% 136.67
LS.D.gy 0.17 0.17 .17 0.7 0.24 0.52 4.80 4.60 4.61
LS.Doo 0.22 0.22 0.22 0.95 032 0.69 6.48 6.21 6.14

He~ The highest value L= The lowest vahue
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Table 3: Heterosis relative to mid-parents (Hy p %) for yield and yield component traits for cach year and
their combined data over the two yeans.
1“P.D. NoF./P. RY.P. F.l.con
| Hybride | ¥, X; Comsh. Y, Y; Comb. | VY, Y; Combh | Y, Yz Comb.
PyxPy | -11.3% 1138001 1260 | 30.5%% | 39.1%¢ | 34.8%% | 359%¢ | 43.80% | 39.9%0 | pgerl | 4peet | 2geet
Py xPy | <118 | 11.5%% | LLT* | 63.3%% ] 64.1%% | 63.7%% | $0.3%¢ | B0.4#% | 8040 | 1TV | gger | S
P xPy | -103%0 | .12.3%0 | 11300 | 2520 | 24.5%% | 249% [33.2080 | 33.50ab )33 et 76% | 1070 | 920
Pyx Py [-12890F] 13.4%¢ [-13.100%] 75.60% % | G5.0ve® | 7034+ % | joRes™ | 97gve T | jo3es® | 22,0007 | 25 100 H ) 23 53e
PyxPy 132007 | 40808 | 3geeB | gngeel | 21.8%e L | 213000 | 43.4%% | 43 7e% | 43800 | 188%% [ 22390 | 20.4%
DyxPe | 7% | 730 | 70%e | 54940 | SLOss | 53.9%% | §0.30% | 78.90% | 79.G6¢ | 12860 | 11300 | 12308
PyxPy | -10.0% | -13.0%¢ | -10.0°% § 27.2%% | 34.7%% | 30.9% | 37.7°¢0 | 45.0%* | 4135 | 19.9% | 25.0%% | QL7
PyxPy | 77ee | 630 | 700 | 3670 | 32.6% | 3569 | 53.7%% | 455% | 4960 | 2.0%*C | g4t | 13eel
Pox Py | 44905 | 3q00% | 34007 | 240000 [ 19.1980 | 21 500t | 47900 | 42.6%s% ) 45.0%% | 12.6%% | 163% | [4.4°°
Pyx By [-1L1%81] -12.99% | -12.00% | 51.89% | 46.0% | 48.9% | 68.9% | 63.2%% | 65.4% | 85% | 49% | 67
PoxPy | 1100 |-jagseligagenh| 33780 | 39308 | 365%¢ | S40% | 57.9%% | 55.9%% | 158%¢ | 189%% | 174
PoxPy | 470 | asve | 46% |346%9M [doqret]sageelli| gy (en | 7 qeak ] gy gealt]sggeal|agjest| 34400t
LsD yp] 168 1.5} L57 .93 1.63 155 | 020 | 025 | 020 | 046 ) 030 047
L3D gy} 227 | 204 | 209 )| 206 [ 219 ]| 206 § 0328 | 034 | 037 { 061 0.67 062 |
Table 3; Cont. .
¥.D.om F.5n1 Wy
Hybelds Yy ¥Y; Comh. Y, Y; Comb. Y Y Comb,
PxP; 160 st kX e 0.0 -1.6%* 0.9% a4t 33t 3T
Py xPy | 35.1ve7 3584 35.300% | g3aeel | q12eel | 43200t 3.9%+ B.6%* M
Py x Py 6.0% 9.7 1.8°* 1.6%H Lo 13eslt 6.3% 7.3%4 6.9%*
PP R X i 3748 | assesH | 337ee 34.5%¢ -34.1%* 16.3%¢ 1810 17.2°*
Pyx Py 20.7%¢ 20.5%¢ 20.5% -1.3%4 L it 4.1 187088 | 1770 18.2%0%
P, x P 3330 27.7% 30.5%+ -38.7%% «37.20* .38.0%¢ 13.5¢* 15.8%¢ 14.7**
Py x By 17.4% 19.2¢* 1338 0.9% A9 194 320 e Y.t
Py x ¥y 306%eF | gasesM | 295eeB | g3ovel | 43z0et | a3avet | g9 8.3%4 (X
Py x Py 17.68¢ 18.2%* 179%¢ 43% -1.6% 290 189000 | 19.gnef | fo3eet
BxPy 19.3% | .4 19.3%¢ 33,90 3740 356 9.3 10.3%+ EX
Pex Py G.asel g.1eet 7.7t g.geetl 9,004 g.oeelt 15.1%» 13,284 14.2%*
Py % Py 18.6%¢ 233% 21.2%* -17.7%% 223%% 20.0% 16.7%¢ 16.0%° 16.3%¢
JL3.Dg0s 0.24 0.14 0.14 0.61 020 0.45 415 3.99 3.99
L-3.D.40 9.12 0.19 0.19 0.53 0.28 0.59 561 337 531

* » Significant and highly significant st 0.05 and 0.01 probability Jevels, reapectively.
H=The highost vaiue L= The lowsst value
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Table 4: Heterosls relative to better parent (Hy » %) for vield and yield component traits for each year and
their combined data over the two years.

1°P.D, No.R/P. F.X/Pky Fl.em
Bybrids | Y, Y, [ Comb | ¥, Y; | Comb | Y, Y; | Cemb. | Y Y;
PyxP; | 6.1ve [gyeel) Jgeel | a7iee 35600 H] 3330 | gpges [ 3g7ee | 35280 | 0.76%0 | 3.9%e 2.3
P xPy | ygeet) agee | oages ) 2a000 [ 2930 | 26700 | 413% [ 46704 | 4440t 138.4% 0 3338l | 3590t
PixPy | 370 | p3ee | 7500 | 253w | 2agee | 35.ave (28 7eel 29 0vet] 2920wl | 43w | g0%0 | 62%*
PyxPs | 3208 | 530 | 4200 13630e8) 32 9e | 34500 (57 geniigygeet] goo0eR | a56%0 | 24000 | 2510
PyxBy | 5% | 270 | ager 1179esliggyest| jgaeel | g3 gee | 43.4%0 | 4299 [16.0000] 19.g0e¥ | 17.400"

PyxPy | 2200 | 030% ) 128 ly7gestl189es | jp4es | 43008 ) 49300 | 4690% | 30.69% | 314%¢ | 313
PoxP 8700 | s79% | 620% | Zagee {3199 | 276% | 32700 | 30890 | 36690 | 17.609H] 24300 R | 21 20eM
PyxPy | 3% | 220 | 2ges | 5400t | gsesl )| goeel fangeal]jgaeel| jopesl [ggaeet! 39 geet | gggeet
P, P, 048 | 093 076 | 24.3% | 1938 | 217es | 4230 [ 378%¢ | 404%* | 9% | 1340 | 113w
Psx Py 32 | 460 ] 9% [ 1780 | 17490 ] 1760 | 360% | 3690% | 36.1%% |.3399% | 3620 | -35.30e
Pex Py (103801131904 11,79¢5 (3030w |35 ges T | 33 peel |53 7oty pee| seouell | 13400 | j540% | 14.5%
ByxPy [ 30seM ] 3geell | gpeeh | y7gee | j77ee | 1779 | 49.0° | 48.2¢4 | 4826 |.17.1%0 | -17.8%* | -17.8%¢
LSD.gp | 194 | 175 1.31 176 | 1.3 L 024 { 029 0.23 0.53 0.58 0.54
LSD.gey | 262 | 235 | 241 | 238 | 253 233 032 | 039 a31 0.7 0,78 0.72

j

Table 4: Cont.
F.D.com F.5hl wig

Hybrlds Yy Y Comb, Y Y, Comb. Y, Y;
L%l > 1.3% 4.7%¢ 3.0 030" -2.2%¢ -L1%* 32 2.4% 28"
P x Py 110 L.6** 1.3%* £9.7%¢L | 47501 | 536t 4.2 39 41
Py <Py 3.1¢ B.1% 6.6 047 0.10" 0.40% 29t 337 33
Py <Py £.18* 2.1 0.87* £33% | 639% | 536% 102 | 12.0% 11.10¢
PP 202008 | 000" | 203%e® | 6% |- 011 20% | 15708 | ja7eet | gsgeet
Py x Py DI0" | .s4est | 33sel | £50% | g5 | 656 s.1* 7.2 6.2%¢
Py x Py 17.1%0" 11008 | )750eM 0.63 430+ 2.6%* 7.1ve 6.7* 6.9%¢
Py x Py 234 -3.8%* 3a% | gl | 68600t | gl 4.8 36% 41"
Py x By 16.6%% 16.5%* 16.5%* £.2%% 2.7 -4.6% 14.8%0% | ys.geel | g5 3eel
Py xPy S50.9% | J10.6% 5 | 1080t | g3ses | G540 | 6430 36" 46* 41
PyxP; 5.9 8.6% 7.3% 690" 7.7 c9ast | 123 10.3%4 11.2% |
P, x Py -118%* | g3 -10.1%% | 843 | s70% | 3560 $.0v" 7.3% 7.70¢

{1.8.Dags 0,17 6.17 0.17 o 0.24 0.52 430 4.60 4.61

L.S.Day 0.22 0.22 0.22 0.98 032 0.69 648 6.21 6.14

+,%* Significant and highly sigwificant at 0.03 and 0.01 peobability lovels, respectively.
H= The highast value 1.~ The lowest value
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Table 5: Analysis of combining abilitics and mean squares of ¥, hybrids for yield and yield composcnt
traits,

1"F.D. NeW.P. AR FL.cm
&V, it | ¥ Y, |[Combi Y, Y; | Comh! ¥ Y; [Comh ! Y, Y; | Cowb, |
Croes 11 | 21.5¢% | 29.90% | 50.59s | 4.489% | 7.34%% | 11.1%% | 0.09** { 0.09%* | 0.20** [ 7.70% | 3.80%* | 16.3%*
GCA 3 1210 (264 1a69%¢ | 196 | 320 j 485* | 007 | 006 | 0.11% | 33.49¢ [ 26.50% | 49.3%
5.C.A 2 {031 j o6t | 112 ] 027 { 092 | 0356 | 0006 {0003 | 0003 { 017 |} 013 | 631
RE 6 | 247 [ 487 | 7.03% | 1.67 | 259% | 420** | 0.022 | 0.037 | 0.058° | 4.68%% | 5.67%* | 10.3%%
Cx ¥ it - - 0.83 - - 0.69 - - ] 05.007 - - 0.04
GCAxY | 3 - - 0.44 - - 0.31 - - | 0003 - - 0.08
S8CAxY - - | 0.003 - - 0.63 - - | 0.008 - - 0.01
RE xY | 6 - - 030 - - 0.07 - -~ 0002 | -~ -~ 0.03
Pooled Ervor 22441 662 {050 | 0356 | 0% | o038 | 034 | 001 | oof | 0ol | 005 | 0os | 005
G.C.ASS.CA ~ 1 #2 | 43 | 419 | 726 | 348 | 866 | 11.67 | 200 | 3667 | 1376 | 176.7 | 1606
G.CAXYSCAXY | ~ - -~ ] 1467 | - - 0.49 - - 0.50 - - 5.0
Table §; Cont.
F.D.cm Sl w¥g
LV aL Y, Y; Comh. Y, ¥, Comb., Y, Y; Comeh. |
Croes 11 | 4640% | 4590% ]| ga1e% | ge2er | 7550 | 14060 | 12100 144%* | 2620
G.C.A. 3 | 3830 | 374 | 7a7e | s25%% | 647 | 11.66% | 1g2e 12354 | 24
B.C.A 2 0.08 .63 D.O7* 0.03 0.02 0.03 781 1336 | 1184
RE 6 | o090vr | po3yew | pgIer | jaue | [3ger | 275% | W36t | 222 | 420
CxY i1 -~ - 0.02%% - - 0.113 - - W)
QCA XY 3 - - 0,004 - - 0.03 - - 0.56
8C.A XY 2 - - 0.003 - - 0.02 - - 334
RE_xY & - - 0.01 - - 0.04 - - 037
Pocled Esror 44| 0.003 0,003 0.003 0.08 0.009 0.03 378 347 3.63
IG.C.AJ8.C.A - 76.6 124.7 108.1 105.0 323.5 2332 13.06 9.20 12.57_ |
|0.C.A. XY/RCA xY - - - 0.3 - - 2.5 - - 0.7

*,5% Bignificant a1 0.05 and 0.01 levels of probability, respoctively .
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Table 6: The relative magnitudes of different genetic parameters and heritability for vegetative and
eartiness traits for eack vear and the combined data over the two yeart.

Gemeotic parametens V.Lem No.L/P. _ L.Acm? F.W./P
ond ewitabiliey Y, Y; 1Comh| Y, Y; {Comb| Y Y; |Comh| V, | Y; |Comb |
A 1024 | 1288 { 1134 { 684 J 1.14 | 116 { 004 | 0.02 | 0.03 | 11.62 | 13.16 | 12.36
5D 0052100 { 028 | 0.22 | 017 | 002 {-0.001]-0.004]|-0.001} 006 | 005 | 0.07
&r 092 | 218 { 168 | 058 | 10 { 1.03 [ 0007 ]0013 0014} 232 | 281 | 2.56
FAxY -~ ~ 011 ~ - 1008} ~ -~ 10001} - -~ | 0018
¥DxY - - (028 — - | 004 - - |-0002] - - | 002
BrxY - - {013{ - - 104 -~ - 10004] - - oo
& E 062 1 050 | 056 | 051 | 058 | 0.54 | 0.009 {0012 | 001 | 0.05 | 006 | 0.05
b’ % 8698 [ 82.84 | 83.18 | 46.83 14533 ) 41.11 | 7143 [ 44.44 | 54.55 | 83.13 | 82.15 | 82.54
% 86.54 | 82.49 | 81.17 [ 4098 | 39.45 | 4042 ! 7143 | 44.44 { 54.55 | 2270 | 81.34 | 82.07
Table 6: Cont.
Gemetic parameters D.W.JP. No.t"F.EN. DI"P.F. DA*M.F.
and heritabitity Y, | ¥ |[Comh] Y, Y; | Comb| ¥ Y; |Comb| ¥, Y; | Comi
5 A 190 1 186 ! 188 | 448 | 322 1 290 | 471 {5474 15232} 190 ] 18 | 1.88
8D 0.022 16.013 | 0018 | 0.016 | 0005 | 0.007 { 202 | 494 | 363 | 0022 | 0.013 | 0.018
&r 045 | 046 | 045 | 068 | 066 | 0.67 { 829 | 936 | 1035 | 045 | 046 | 045
FAxY - -~ 10.0005! - ~ 10008] -~ - 1069} - ~ | 0.0005
3DxY ~ ~ |-00001] - - J0013] ~ -~ loi5] - - |-0.0001
§rxY — -~ 10.0037] - - 00041 o - ]-153] - - 10.0037
§E 0.0034 [ 0.0032 ] 0.0033 | 0.083 | 0.000 | 0.046 | 378 | 347 | 3.63 |0.0034|0.0032]0.0033
b % 20.91 | 80.17 | 80.58 | 85.49 | 2.8 | 80.06 | 80.27 | 82.31 { 79.23 | 80.91 | 80.17 | 80.58
h’.% 79.99 | 79.62 | 79.81 | 85.19 | 82.69 | 79.87 { 76.97 { 7549 | 74.09 | 79.99 | 79.62 | 79.81

Note: Negative values were considervd equal to xore during the calcniation of heritabliily in broad and warrew sepses,

Table 7: General combining ability effects (g) of the four parents for yield and yield compovent traits
from each year and from combined data.
Parents 12D, NoF./P. FYJ/P Flocm
Yy Y Comb. Y Y; | Comb Y, X, Comh, Yy ¥, Comb.
) 0142 |-0667¢] 0404 | 0404 | 0012 | 0196 |-0.166* |-0.518%% | .0.142%¢ | 0.658%¢ | 0.617°% | 06375
P2 [-2.5170% | 2.416%% | 2.466%¢ | 1.046%* | 1.220°% | 1.138*% | 0.114%% | 0.124%¢ | 0.119%¢ | 3.12500 | 3.392¢% | 3.258ee
P3_ [3.042%% | 36330 | 3.337%% | 0371 |-0.862%¢|.0617% | 0093+ | 0045 | 0.069% | 270 | -2225%% | .2 763%
P4 038 | D.550° | 0467 | 0271 | 0379 | 0335 | 0041 | 0051 | 0046 [0333% | 005 | 0.1430
L8D. oy | 0499 | 0448 | 0462 | 045 | 048 | 045 | 0063 | 0063 | 0060 | 0141 { 0341 | 032

LSD.on | 0677 | 0600 | 0618 | 060 | 065 | 060 | 0086 | 0086 | 0082 | 0192 | 0192 | 0184
Tabie 7: Cont.
Paremts - F.Dom _ ¥.5ul Wiy
Y, ¥; Comb. Y, ) £ Comb, ¥y Y; Comb.
Pi .058%* 1 0.041% | -0,049% 0.059 -0.094+ -0.015 -5.375%% | -5708%% | -5.542%%
P2 -1.067** | -1.048** | -1.058** | 1.370%* | 1.549%* | i459** -1.208 -1.625%* | -1.417*
P3 1.302%% 1 1.290%* | 1.206%¢ -1.433 ~1.561%* 1 -1.497%% | 5792%* | T7.542%* | 7.167*
P4 0.177** | 0201** | 0.189** | 0004 | 0.101** | 0053 0208 | 0208 | 0208
LSD.oss | 0034 0.034 0.033 0.18 0.06 0.28 1.23 1.18 1.18
LSD. g 0.047 0.047 0.045 0.24 0.08 0.38 1.67 1.60 1.57

¢,** Significant and highly significant ot 0.05 aud 0.01 probahility levels, respectively.
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Table 8: Specific combining ability effects of the 12 hybrids for yield and yield component traits from the

two years and their combined data.
12D No.F/P, FY/P Plom
Hyhetds |V, Y, |Comh { ¥, Y; | Comb | v, Y, {Comd| ¥, | ¥; | Comh
Poxp, | 0217 | 0210 | 0211 | 007 | G520 | 0394 | 0.020 | 0036 | 0.028 | G230 | 0338 | 0.229%
poxp, | 0190 | 0245 | 0317 | 0384 | 0101 | 0193 | 4017 | 0022 | 0020 | D158 | DORI* | 5.119%
PP, | 4 | 0450 | 8437 [ 0301 | D426 | 0314 | 0047 | 0012 | 0029 | D080 | 0152 | B i16%
Pyxp, | 0410 | D40 | G425 | 0311 | 0419 | DI04 | 0044 | 0011 | DOIE [0.075% | Di41%0 | 0.108%
Poxp, | 194 | 0293 | 0214 [ D389 | D903 | D19 | 0022 | 000 | DG |0.168% | D084 | 0.126%
P,xp, | 0219 | 0317 | 0218 | 0408 | 0522 | G299 | 0023 | 0031 | 0027 |0333%7 | 0220°% | 0.326%
P xp, | 008 | D717 | 0399 | 0367 | 0350 | 0308 | 0015 | 0013 | 0014 | -Li0ve | -133%% | 173
PyxP, | LA5° | LA | 1307 [ 133% | Z0a% | 179+ | 0.201% | 0,272 (0237 | 003 | 0367 | 0473
Poxp, | 095 | D33 [ 083 [ 105% [ Ui3% | 114" | 0825 | 0022 | 0023 | 257 | 2a8% | 273
Poxp, | 125 | 2130 |19V | QA0 | 030 | GAS | G125 | 0.5° | 0.037 | 235 | 2430 | 2.40%
Poxp, | VB | 235 | 2229 | 103 | -LAGS | -L2° | D097 | 0127 | D413 | G167 | 0217 | 0193
PoxP, | 067 | 475 | D71 | 0017 | 0101 | 0059 | 0035 | 0012 | 0017 | 084 | 0.833% | DRI
LsDigng | 78 | 043 | 085 | 063 | 068 | Ged | 009 | G | G5 | D0z | 042 | 0
sDapg | 0% | 086 | 087 |08 | Go2 | 0# | 0ud | a3 | 03 | 085 |08 | 048
D 115 | 103 | 106 | 104 | LIl | 110 | 044 | @14 | 014 | 033 | 633 | 033
. 156 | 140 | 1439 | 142 | 151 | 140 | 019 | 615 | O19 | 044 | 044 | 0.44
Table 8: Cont.
FD.em 7.5l W.Fg
e 13, Y; Comb. |V, Y, Comb. |V, ¥, Comb.
Py D0BI** | 0091 | 00s6% | 0018 0071 0045 | -1618 | -1588 | -1616
Pox P 0120 | 008% | dioi** | 011 @19 0,069 0Bl | OA1Z | 0236
P xP, L) 0.003 o017 0122 D061 Q%2 | ofi6 | 137 134
Pax Py 24039 0.002 5019 5317 507 o096 | 4722 | 199 136
Y 013* | ouse | 010 | 0.109 2005 030 0E5 | 0420 | 0238
Py x Py 0084% | 0082% | D083 | 0.008 0.074 0041 Y] KD -1.60
P, x P, 0223%% | 0.192%% | 0208% | 0022 | A.149% | 0085 | 23 250 242
—_ 697 | 0137 | 0125 | o4Te 0.08 0348 037 017 0,00
P~ Py oS [ aae | o4 | 146 Ta7es 1465 | 600% | 617 | 608°*
PxPs 130%% 1257 [24% | -133% | -138%% | -135% | 3.50% | 400 | 3.73%%
Pox Py 0.30% | 0.139% | 0aAm™ | 0242 | 0.367% | 0305 200 2.3 138
—_— 031** | 0084 | G197 | D26 IQ* | b1 | -1 47 1.0
L 500 .05 0,08 003 0.25 009 .19 174 167 1.66
L3DGg | OV 007 0.7 034 0.16 926 236 1% %
D, 0.08 0.08 0.08 0.41 0,14 032 285 27 172
L3 | o0 o1 0.1 056 .19 043 336 370 364

»+* Significant and highly significant at 0,05 and 0.01 probability levels, respectively.
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Tsable 9: Genotypic (above diagonal) and phenotypic (below diagonal) corvelation for all pairs of yield and

yield component iraits.

Traits 1"P.D. Ne.F./P. FY/PAg FLm FD.om F.Shi wWFg
T*P.D. 0.83%¢ 0.69%* £0.69%* 0.43 056* 0.04
No.F./P. 0.65%F 0.94** 0.61° 0.18 0.38 028
F.Y/PXg 20.55% 0.93%+ 0.39 0.11 0.10 0.58%
F.L.cm 0.60° 0.53% 0.35 -0.85%¢ 0.94%* 0.35
F.Dom 039 D16 0.10 £0.83% 0.97%% 0.75%%
F.Shi 0.50% 0.31 0.07 0.88%* D93 0.63%*
WEg 0.03 021 053 0.31 0.67%* 0.56*
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