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ABSTRACT

This investigation was carried out during two summer seasons

2010 and 2011 to study the heterosis and combining abllity for

some tralts in summer squash at El-Kanater El-Khyreia

Experimental Station of Hort. Res. institute. Six paréntal lines

viz., M1, M2, M3, M4, M5 and M6 were used in this study. In 2010

all possible crosses, without reciprocals; were made to produce

the 15 F;s. In 2011, the 15 crosses and their parents were
evaluated for some important characters. Combining ability and

. heterosis were measured for all studied traits .The obtalned

results could be summarized as follows:

(1)Highly significant differences for general and specific
combining abilities were found for all studied characters.

(2) The high estimated ratio between GCA and SCA mean
squares were found for most studied traits. .

(3) Line M3 was the best combiner for most studied characters,
followed by the lines M1 and M2.

(4) Certaln crosses had high SCA effect values for certain traits.
The best crosses were "M1 x M6”, " M2 x M3” and " M3 x
M6", since they showed significant SCA effect values for
most evaluated traits.

(5) Heterosis was detected in many crosses regarding total yleld
indicating that using hybrids In commercial production is
very important.

(6) Heritabiiity 5’ ranged from 29.29 for fruit number In early
yleld to 97.23 for number of days to first pistiilate flower, the
low (/) values in some traits could be attributed to the low

magnitude of total genetic variance and / or due to the high
magnitude of environmental variance.

Key words: Cucurbita pepo L., Combing ability,
Heterosis, Heritability.
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INTRODUCTION

Summer squash, (Cucurbita pepo L.) is one of the
important popular vegetable crops in Egypt. The cultivated
area in 2010 according to statistics of the Ministry of
Agricuiture, reached about 83093 feddans around year for
the all season and its production reached, nearly 1032015
tons with an average of 12.420 ton/fed.

Summer squash (Cucurbita pepo L.) is grown in
many temperate and subtropical regions, ranking high in
economic importance among vegetable crops worldwide
(Paris, 1996). .

Lopez- Anido et al. (1998) reported in Summer
squash the importance of non-additive gene actions for
most vegetative characters. Also they reported the
importance of additive and non-additive gene- actions for
total fruit number and precocious production.

Al-Hamdany and Al-lelah (2011) found in summer
squash that GCA was significant for: fruit length and
diameter, number of fruits/plant and total yield, while SCA
was significant for: female flowering, percentage of flower,
~ fruit length and diameter, number of fruits /plant and total
yield.

The expression of heterosis depends on the
differences in the gene frequencies of the parental stocks,
whether cultivars or inbreds. If the superiority of the hybrid
combination is large, it is assumed that the two parents
are more genetically diverse than those that manifest little
or no heterosis (Hallauer and Miranda, 1988).

El-Gendy, (1999) found in summer squash high heritability
in broad sense with a values of (., 73.61%) for number of
male flowers/plant, 70.59% for number of female

flowers/plant, 78.66% for total weight of fruit/plant, 89.61%
for fruit length, 87.84% for fruit diameter and 98.60% for
fruit shape index. Aruah et al. (2012) found high A for
days to 50% flowering (68.19%), number of male flower
(38.96%), number of female flower (21.99%), fruit
diameter (97.259%), weight of harvested fruits/plant
(20.17%) and number of fruits/plant (63.296%) are
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indicators of minimal environmental influence in the
expressions of some characters. ‘

MATERIALS AND METHODS

The present investigation was carried out at El-
Kanater El-Khyreia Horticulture Research Station, during
two successive summer seasons of 2010 and 2011.The
genetic materials used in this study were six parental lines
of summer squash (Cucarbita pepo L.) viz, M1, M2, M3,
M4, M5 and M6 which were obtained from College of
Horticulture, Northwest University, China.

These parental lines were at a high degree of
homozygosity since they were selfed for two generations.

Seeds were sowing in the field on March 14% 2011
for studying the inheritance and types of gene actions of
some traits. A randomized complete block design with
three replicates ‘was adopted. Each replicate included 21
rows (6 rows for parental lines and 1 5 rows for crosses),
each row contained 12 plants. The distance between
plants was 50 cm. The cultural practices were carried out
according to the recommendations reported by Ministry of
Agriculture.

Fruits were picked at three days intervals during the
entire season.

The studied traits were:

(1) No. of days to first pistillate flower.

(2) No. of pistillate and staminate flowers / plant.

(3) Sex ratio. It was determined as: - No. of staminate
flowers / No. of pistillate flowers

(4) Fruit Length (cm), diameter (cm) and shape index.

(5) Average fruit weight (g).

(6) Early yield as fruit number and weight (g)/plant.

(7) Total yield as fruit number and weight (9)/plant.
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Statistical Procedures:-

(1) Analysis of variance was done in order to test the
significant of the differences among the means of
tested populations according to Cochran and Cox
(1957). Differences among means for all characters
were tested for significant according to the least
significance differences (L.S.D.). (Snedecor and
Cochran, 1990). '

(2) The analysis of general and specific combining abilities
(GCA and SCA) was calculated according to
Griffing(1956); s method 2 model 1.

(3) Average degree of heterosis (ADH %), was expressed
as percent increase or decrease of the performance
above the mid-parents (MP) value and the high

parent (HP ) value (Sinha and Khanna, 1975).
(4) Potence ratio (PR) =11~ MP/2(B =) (gmith, 1952).

(5) Heritability in broad sense (/). It is the ratio of

genotypic variance to the phenotypic variance.
Estimates of broad sense heritability were calculated
as suggested by Singh and Chaudhary (1995) as

follows:
h2 - 0'; ! O'i
RESULTS AND DISCUSSION:-

Data of the studied characters for parental line and F
populations are given in Table (1). The analysis of
variance indicated that there were significant differences
among the studied generations in all studied characters.
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for studied characters in summer squash.

racters | No. of days No. of No. of Fruit
to first pistiliate staminate Sex ratio, an“'_e)"m diameter
pistillate flowers (2)/ | fiowers (3)/ U3 (cm) (D)

Genoty fiower (2). plant. plant. g {cm).
M1 36.67 16.00 22.33 1.39 10.83 3.80
™2 ~35.33 13.00 19.33° 1.49 0.00 2.90
M3 31.33 17.33 20.33 147 13.67 3.27
M4 " 40.33 19.33 27.00 1.39 10.50 2.77
M5 42.67 18.67 29.00 1.59 12.50 3.00
Mé 44.33 15.00 33.33 2.20 13.87 3.87
M1 x M2 34.67 13.00 20.67 1.69 10.83 3.40
M1 x M3 '30.33 17.67 20.33 1.15 12.33 ' 3.43
M1 x M4 36.67 16.67 23.67 1.42 10.17 3.27
M1 x M5 33.33 15.67 23.33 1.49 10.67 3.37
M1 x M6 40.33 16.00 27.67 1.73 11.33 3.87
M2 x M3 31.33 16.33 19.33 1.26 10.5.0 2.93
M2 x M4 36.67 14.67 23.00 1.57 10.00 2.77
M2 x M5 39.33 16.33 19.67 1.2 10.43 2,97

M2 x M6 41.33 17.33 25.67 1.49 10.67 3.83
M3 x M4 37.00 19.87 20.33 1.03 11.33 3.03
M3 x M5 33.00 17.00 22.67 1.33 12.33 3.23
M3 x M6 37.33 18.33 23.67 1.29 13.33 3.53
M4 x M5 39.33 18.33 27.00 1.48 11.5.0 273
M4 x M6 41.33 17.33 30.33 1.75 11.33 3.03
M5 x M6 42.33 18.67 26.00 1.4 13.47 3.20
L.S.D at 0.05 112 1.72 2.60 0.21 0.78 0.18
L.S.D at 0.01 1.50 2.30 347 0.28 1.06 0.24
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Table (1) Con.
racters . Early yield Early yield Total yleld Total yield
Fruit shape |  aworage fruit fruit weight frult fruit weight /
s (")“9 number/ Iplant. number/ plant.
Genoty ( 8)- plant. (9 plant. (@
M1 2.87 88.33 3.67 323.83 13.00 1347.00
M2 344 98.50- 4.33 426.33 12.00 1176.00
M3 4.18 104.83 5.33 560.33 14.00 1443.00
[ ~3.81 92.83 2.67 24847 7.67 T 713.00
M5 4.17 106.50 3,33 354.83 8.33 883.33
M6 3.53 8450 3.33 253.50 8.00 672.00
M1 x M2 3.18 91.17 4.67 425.50 13.33 1213.33
M1 x M3 .59 96.33 6.67 642.50 15.00 1440.00
M1 x4 3.12 89.50 3.33 298.33 12.67 1127.33 .
M1 x M5 317 . 9350 5.33 .498.00 13.00 1200.00
M1 x M6 2.93 86.33 3.67 328.50 12.00 1032.00
M2 x M3 3.58 100.33 6.33 604.17 14.33 1433.33
M2 x M4 3.61 94.00 4.00 329.00 12.33 11569.33
M2 x M5 1.52 100.50 4.33 407.67 11.67 1166.67
M2 x M6 2.78 91.00 3.67 333.67 14.33 1031.67
_ M3xm4 .74 95.67 5.3 520.78 11.67 1108.33
- M3x M5 3.81 104.83 5.33 561.89 15.00 1560.00
M3 x M6 3.78 93.33 5.33 499.28 13.33 1240.00
M4 x M5 4.20 89.33 4.67 465.17 14.33 1008.67
M4 x M6 3.82 84.33 4.00 349.11 8.33 700.00
M5 x M6 4.12 90.83 4.67 423.67 9.67 870.00
L.S.D‘t o.os i e e
L.S.D at 0.01

Data in Table (1) showed that No. of days to first
pistillate flower ranged from 30.33 in (cross M1 x M3) to
44 33 days in (line M8), 13.00 pistillate flowers (Q) / plant
in (line M2) and (cross M1 x M2) to 19.67 pistillate flowers
/ plant in (cross M3 x M4) , but in No. of staminate flowers
(3) / plant ranged from 19.33 in (line M2) and (cross M2 x
M3) to 33.33 in (line M6) , while the sex ratio ranged from
1.03 in (cross M3 x M4) to 2.20 in (line M6), in fruit length
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ranged from 10.00 cm. in (line M2) t013.67 cm. in (lines
M3 and M6), in fruit diameter the means ranged from 2.73
cm. in (cross M4 x M5) to 3.87 cm. in (line M6) and
(cross M1 x M6), but in fruit shape index ranged from
2.78 in (cross M2 x M6) to 4.20 in (cross M4 x M5), in
average fruit weight the means ranged from 84.33 g. in
(cross M4 x M6) to 106.50 g. in (line M5), in early y|e|d
fruit number/plant the mean number ranged from 2.67 in
(line M4) to 6.67 fruit in (cross M1 x M3), in total yield fruit
number/ plant the number ranged from 7.667 in (line M4)
t015.00 fruits in (cross M1 x M3), and the mean of total
yield fruit weight / plant 672.00 g. to 1560.00 g. in (cross
M3 x M5).

I- Combining ablllty -

The analysis of variance for combining ability on
various studied traits is shown in Table (2). Highly
significant differences were observed for both general and .
'specific combining ability in all studied traits. This result
~ indicates the importance of both additive and non-additive
gene effects in the inheritance of the studied characters.
The estimated GCA/SCA mean squares ratio indicated
that the additive genetic variance played the main role in
the inheritance of all studied traits. The same results were
found by other investigators, among them Lopez- Anido et
al. (1998), El-Gendy, (1999) and Al-Hamdany and Al-lelah
(2011).

To follow up the effect of GCA for the parental lines
and SCA for the crosses, the estimated values are
presented in Tables (3 and 4 respectively) for the various
characters. Regarding GCA effects, the following parental
lines showed highly significant positive effect values for
different traits and could be considered as the best
combiners : M1, M2 and M3 ( for total yield fruit number/
plant and total yield fruit weight / plant. ) ; M3, M4 and M5
( for No. of pistillate flowers / plant and fruit shape index);
M3 ( for sex ratio) ; M3,M5 and M6 ( for fruit length ) ; M2,
M4 and M5 (for fruit diameter ) ; M2 , M3 and M5 ( for
average fruit weight). On the other hand, the following
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lines M1, M2 and M3 showed significant negative effects
for No. of days to first pistillate flower and No. of staminate
flowers. These lines could be considered as good
combiners for breeding to these characters. The
production of superior hybrids was realized when high
GCA parents was used as reported by Al-Hmdany and Al-
lelah (2011).

Table (2): Mean squares for combing ability (GCA and
SCA) for some characters in summer

squash.
aracters No. of No. of .
"‘,‘,’s':;g;‘,',’a:: pistitiate staminate | Sexratio | Fruitiength | PR
fiower flowers (2)/ | flowers (8)/ 31 (cm) (em) .
Soul plant ¢ plant —
va MS F MS F MS ' F IMS ] F MS FAIMS] F
GCA [ 167.17" | 360.05 | 28.76** | 26.28 | 161.85" | 65.05 [ 0.51 | 20.76 | 14.97~ | 28.58 | 1.43~ ) 118.53
I sca 10.02" | 21.59 | 4.31" | 3.904 | 8.8~ | 3.54 | 0.09~ ] 5.09 | 0.5~ | 1.81 | 0.07~! 5.98
GCAJSCA 16.68 688 | —18.35 5.84 18.78 19.87

*Significant at 0.05 level of probability.
**Significant at 0.01 level of probability.

Table (2)Con.
Fruitshape | Averagefruit | Earlyyieldfruit | =2V V",':b":t" Total yieid frult mem
Index weight (9) number /plant w "9’(';) number’ plant ©
NS 3 NS ¥ NS F MS “F | MmS F 3 F
GCA 168" | 21.53 | 45223~ | 8270 | 852 | 37.36 | V1401745 5o 81 | 46.08~ | 13348 | 68922352+ | 200.28
SCA 019~ (2423 1870 | 383 | 188~ | 821 | 1447359 | 692 | 484 | 1403 | 3572189 | 1088
GCA/SCA 8.88 24.18 453 7.88 9.52 1845

*Significant at 0.05 level of probability.
**Significant at 0.01 level of probability.
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Table (3): Estimated general combining ability (GCA)
effects for the parental lines regarding some
characters in summer squash.

No. of
aracters No. of No. of "
daysto | pistiltate | staminate se’(;,';“ Fruit Fruit
pistillate flowers (2) | flowers (J) Length Diameter
Parents flower I plant I plant
M1 -4.88** - -2.29** -3.00** 0.01 -1.26 083~ |
M2 -2.88** -5.41** -8.00** -0.02 -2.98 -0.40**
M3 -11.26"* 2.08* -8.00** -0.65* 2.55** -0.01
M4 3.756 3.08" 3.75* -0.04 -1.89 -0.89**
M5 4.13 2.33" 3.38* -0.02 1.03** -0.46**
M6 11.13 0.21 11.87* 0.73 2.56" 0.93
*  Significant at the 0.05 level of probability according to " T  test.
* Significant at the 0.01 level of probability according to T " test.
Table (3) Con.
. . Total yield
racters ' Fruit | Average | Earlyyieia | oy vield f Totalyield | “gn )y
shape fruit fruit weight/
v weight/plant | number/
Parents index weight | numberiplant (©) plant plant
M1 -1.22** | -9.50** 0:00 -41.47* 3.50" 326.63** H
M2 -0.54* 5.69** 0.00 0.59 1.63** 191.88**
M3 0.71** 15.50** 3.25** 373.58 5.50* 683.63** J
M4 0.42* -7.63** -1.88** -184.63** -4.13* -493.13
M5 0.81* 12.44"* 0.00 43.12" -2.00"* -88.88"*
M6 -0.18 -16.50** -1.38** -191.19** -4.50*™ -610.13
e R

* Significant at the 0.05 level of

S
probability according to "T™ test.

** Significant at the 0.01 level of prabability according to "T™ test.

For specific combining ability effects of the
crosses, the best combinations were : M1xM3 , M1xM6 ,
M2xM6, M3xM4 , M3xM6 and M5xM6 (for No. pistillate
flowers) ; M1xM6 and , M3xM5 (for average fruit weight);
M1xM3 M1xM4, M1xM5, M1xM6, M2xM4  M2xM6,
M3xM4, M3xM6, M4xM5, M4xM6 and M5xM6 (for early
yield fruit number) ; M1xM2, M1xM3, M1xM4, M1xM5,
M1xM6 , M2xM3, M3xM4, M4xM5, M4xM6 and M5xM6
(for early vyield fruit weight) ; M1xM4, M1xM5, M1xM6,
M2xM4 , M2xM6, , M3xM4, M3xM6, M4xM5 and M4xM6
(for total yield fruit number) ;M1xM4, M1xM6, M2xM3,
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M2xM4 , M2xM6, M3xM5 and M3xM6 (for total yield
fruit weight). Meanwhile, the best combinations for No. of
days to first pistillate flower) were M1xM3 , M1xM5,
M2xM3, M2xM4 ,M3xM5, M4xM5 and M4xM6; M2xM5,
M3xM4, M3xM6 and M5xM6 (for No. of staminate flowers
(3);M1xM3, M2xM5 , M2xM6, M3xM4 , M3xM6 and
M5xM6 ( for sex ratio ); M1xM5, M2xM3 and M2xM6 ( for
fruit length) ;. M1xM3, M2xM3, M4xM6 and M5xM6 (for
fruit diameter); M1xM4 M1xM5, M2xM6 and M3xM5 (for
fruit shape index), these combinations gave negative SCA
value. Most of these crosses were the best in fruit yield.
This could be explaining by the effect of number of fruit
per plant on the total fruit yield. All mentioned crosses
exhibited significant positive SCA effect values. El-Gendy,
(1999) and Al-Hmdany and Al-lelah (2011) found positive
and negative SCA effects conceming flowering date. And
found also significant negative SCA effects for early yield
fruit number and weight in some crosses.
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Table (4): Estimates of specific combining ability (SCA)
effects for the studied F,crosses regarding

some characters in summer squash.

SCA effect
Parents Characters e O} Y M3 " T
No. of days to first pistillate flower. -0.39 . 5.01" -1.02 ~11.39* 617.61**
No. of pistillate flowers (?) / plant. |- -3.48** . 3.02** -0.98 3.23" 236.89*"
. No. of staminate flowers (3) / plant | 0.86 -0.14 -1.89 -2.52 332.98*
Sex ratio..d/Q 0.44™ -0.26* -0.08 0.15 .21.28*
Fruit Length. 2.2 1.27 0.79 -2.2* 162.77*
M1 Fruit Diameter. 0.02 -0.26* 0.12 -0.01 51.91*
Fruit shape index . 0.60* 0.57* -0.64" -0.79** 47.28*
§ Average fruit weight . -5.04** -0.84 3.27 -4.79* 1379.14*
Early yleld fruit numberiplant. 1 071 | 3.46™ -1.41* 2.71* | 70.09*
Early yleld fruit weight (g)/plant. 52.62** | 330.64" | -143.65" | 227.60* | 6517.91*
Total yield fruit number/ plant. -0.55 0.57 3.20* 2.07* 202.57*
Total yleld fruit weight (g)/ piant. -240.50 -52.25 186.50 37.25 19027.5*
No. of days to first pistillate flower. -4.018** -3.02** 4.61* 3.61"
No. of pistillate flowers (2) / plant. : -0.86 -3.86™ 1.89 7.02**
No. of staminate flowers (3) / plant 1.86 1.11 -8.52" 0.98
Sex ratio. 312 0.11 0.41* -0.69* -0.58**
Fruit Length . -2.52"* 0.42 -1.20 -2.02**
M2 Fruit Diameter. -0.54* 017 0.01 1.22* -
Fruit shape index. 0.13 0.24 -0.43 -1.65™
Average fruit weight. -2.55 1.58 1.02 1.46
Early yield fruit number/plant. 2.46™ -1.41* -0.29 -0.91*
Early yield fruit weight (gVplant. 173.68* | -93.71* | -85.46* -73.18
Total yield fruit number/ plant. 0.45 4.07* 0.05 1.45*
Total yield fruit weight (g)/ piant. 82.50™ 417.25* 45.00 161.25"
No. of days to first pistiliate flower. 6.36* -8.02* -0.02
No. of pistillate flowers (Q) / plant. 3.64™ ~3.81* 2.52*
No. of staminate flowers (3) / plant -6.89** 0.48 -5.02%*
Sex ratlo. 319 -0.56™ 0.32* -0.55"
Fruit Length. ~1.11 -1.02 0.46
M3 Fruit Diameter, 0.26* 0.43* -0.08
Fruit shape index. -0.61* 0.79" 0.10
Average fruit weight. -3.23 4.21* -1.36
Early yield fruit number/plant. 1.34" -0.54 0.84*
Early yield fruit weight (g)/plant. 108.65* 4.22 50.71
Total yield fruit number/ plant. -1.80* 8.07™ 3.57
Total yield fruit wow plant. -227.50* | 733.25* | 284.50**

* Significant at 0.05 level of probability according to the (T) test.
** Significant at 0.01 level of probability according to the (T) test
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Table (4)Con.
SCA effect -
Parents Characters MZ | M3 ] MA | W5 M6
No. of days to first pistillate flower. -2.02** -3.0™
No. of pistillate flowers (J) / plant. 0.61 1.48
No. of staminate flowers (3) / plant 1.73 3.23*
Sex ratio. 3/Q 0.14 0.22*
| Fruit Length. 0.92 411
Fruit Diameter. : -0.19 -0.68**
M4 Fruit shape index. 0.66* 0.52* |
| Average fruit weight. ' : 1947 -5.23*
Early yield fruit number/plant. 2.59" 1.96™
Early yield fruit weight (g¥plant. 272.26* | 158.41**
Total yleld fruit number/ piant. 4.70 1,80
Total yield fruit weight (g)/ plant. 256.00 -
. . - 158.75"
No. of days to first pistillate flower. -0.39
No. of pistillate flowers (Q) / plant. 3.2
No. of staminate flowers (J) / plant -9.39**
| Sex ratio. 319 -0.82*
| Frult Longth. 148°
M5 |_Fruit Diameter. -0.61*
Fruit shape index. 1.02**
| Average fruit weight. -5.79**
Early yield fruit number/plant. 2.09**
_Early yield fruit weight (g¥plant. 154.33%
Total yleid fruit number/ plant. 0.07
Total yleld fruit “"JM plant. -43.55

* Significant at 0.05 level of probability according to the (T) test.
** Significant at 0.01 level of probability according to the (T) test

Il - Average degree of heterosis:-

1. No. of days to first pistillate flower

Regarding number of days to first pistillate flower,
nine crosses gave high significant negative heterosis
values from the MP, indicating dominance towards the
short period to flowering. The remaining three ones were
statistically similar to MP, indicating no- dominance for the
character. Partial dominance was shown by the cross M2
x M4, since it gave significant negative and positive ADH
values based on MP and BP, respectively, the potence
ratios for this crosses was -0.47. Over dominance for short
period to flowering of pistillate flowers was shown in one
cross, i.e. M1 x M5. Their estimated ADH value, from the
early parent (BP) was significantly negative or and the
potence ratio was -2.11. Complete dominance for short
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period to flowering was shown in four crosses, i.e. M1 x
M2, M1 x M3, M2 x M3 and M4 x M5. Their estimated
ADH values, from the early parent (BP) were insignificant
and the potence ratios for these crosses were -2.00, -1.38,
-1.00 and-1.86. (Table, 5). El-Hadi and El-Gendy (2004),
reported that significant negative value (-10.7%) for the
number of days to first pistillate flower at the pest parent
was detected.

2. No. of pistillate flowers / plant:

Over dominance for No. of pistillate flowers / plant
was shown in one cross, i.e. M2 x M6. Their estimated
ADH values, from the No. of pistillate flowers / plant (BP)
was highly significant and the potence ratio was 3.33.
Complete dominance was shown in two crosses, i.e. M3°x
M6 and M5 x M6. Their estimated ADH values, from (BP)
were insignificant and the potence ratios for these crosses
were 1.86 and 1.00, respectively. The remaining seven
ones were statistically similar to MP, indicating no-
dominance for the character.

3. No. of staminate flowers / plant:-

Regarding this trait, five crosses gave significant or
high significant negative heterosis values from the MP,
indicating dominance towards the few No. of staminate
flowers. The remaining four ones were statistically similar
to MP, indicating no- dominance for the character. Partial
dominance was shown by the cross M3 x M6, since it
gave significant negative and positive ADH values based
on MP and BP, respectively. The potence ratio for this
cross was -0.49." Over dominance for the high No. of
staminate flowers / plant was shown in the M5 x M6. The
estimated ADH value, based on (BP) was significant and
the potence ratios for this crosses was -2.67.
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Table (5): Magnitude of heterosis for No. of days to
first pistillate flower , No. of pistillate and
staminate flowers / plant.

No. of days to first

No. of pistiliate flowers

No. of staminate flowers (J)

pistillate flower (?)/ plant / plant
Hybrids. 1™, cterosis (%) or Hoterosis (%) | | Heterosis (%) oR
w | Bp MP BP mP BP

Mixmz | 3700 | 499 | 200 | 1034 | de7s | o ] 080 | eso | 0
Mix M3 1078~ | 319 4.38 6.00 1923 ]J150) 469 0.00 -1.00
mixms | aze | 000 | 100 | 566 | 4370 osol 405 | 597 | 043
MIxMs | | 0o | 2m1 | ez [ teor | o] eee | 4ds | om
mixms | 041 |1000~] 004°] 323 | o000 J100].060 }2388~| 003
 m2xm3 | 00| 000 | 400 | 110 | 4150 Joos] 252 | 000 | 100
‘ Mme l -3.08* | 377 | 047 | 028 ] 2444~ } .| 072 | 1897 ] -0.04
M2xms | oss 11327 ] o009 | 316 | -1250~ Joas | 1918~ | 172 | 093
[ m2xme | 377~ {1698~ | o033 |2081 | 1656 |333] 283 |s276=] 010
maxma | 326 1s0om| o026 | 7.27 | 1724 [133] 1408 | 000 | 100
m3xms | q08 | 532 | 071 | 558 | 89 ssol 872 | 1as | 0as
mixme | -1.32 | 1945~ ]| 008 | 1340+ | 577 |16 | -11.80° | 1630 | -0.49
M4x M5 | 522 | 248 | 186 | 31 | sa7 |, ] 414 | 000 | 100
l? M4 x M6 j 236 | 248 | 050 | 097 | -1034 Joos] os5 | 1235 | o005
| msxme] 268 | 078 | .40 ] 1080° | 000 J1.00] 4702 | 4138 ] 267

* - Significant at 5 % level, and ** - Significant at 1% level.

4. Sex Ratio:-
For sex ratio, in Table 6, when the ADH% was
estimated from the MP, all crosses gave insignificant or
significant negative values, indicating no dominance or
dominance toward the low sex ratio. This suggestion was
supported by the calculated ADH values, based on the
better parent, which was insignificant or positive significant
in all crosses, except one cross, (M2 x M5) which showed
hybrid vigour for the character.
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§. Fruit Length

Regarding fruit length, fourteen crosses reflected
insignificant ADH values, in relation to MP, while one
cross, i.e. M2 x M3, showed significant negative value.
This means that the short fruit is mainly controlled by no-
dominance genes. Accordingly ten of the crosses
exceeded the better parent in length, so significant
positive value was obtained in relation to the better parent.

6. Fruit Diameter

For fruit diameter, in Table 6, complete dominance
for narrow diameter was shown in three crosses, i.e. M2 x
M3, M2 x M4 and M4 x M5. Their estimated ADH values,
from the low diameter (BP) were no significant for the best
parent and the potence ratios for these crosses were -
0.82, -1.00 and-1.29. Partial dominance was shown by the
crosses M4 x M6 and M5 x M6 since they gave significant
negative and positive ADH values based on MP and BP,
respectively, and the potence ratios for these crosses
were -0.52 and -0.54. The remaining five ones were
statistically similar to MP, indicating no- dominance for the
character, i.e. M1 x M2, M1 x M4, M1 x M5, M3 x M4 and
M3 x M6, and the potence ratios for these crosses were
low (0.11, -0.03, -0.08, 0.07 and-0.1 1).
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Table 6: Magnitude of heterosis for sex ratio, fruit

length and fruit diameter. .
-Sex Ratlo. Fruit Length. Fruit Diameter.
Hybrids |  Heterosis (%) PR Hetorosis (%) | | Heterosis (%) |
MP BP MP BP mp | ep

| MixM2 | 1052 | 1408 | 337 | 4.00 833 [1.00] 149 | 17.24=} o0.11
M1xM3 | q051 | 199 | 121 | 068 [ 1385~ |0.06 | -283 | 510~ | -0.38
ML e 167 | 002 | 469 | -317 |3.00| 051 | 1807~ | -0.03
0.34 746 | 005 | 857 | .54 |1.20] 098 | 1222+ | 0.08

370 f2411~| 017 | 748 | 462 o.&s 087 | 175~ | 1.00
-5.01 767 | 043 | 1127 | s.00 073 | 4.8 115~ | 082
867 | 1247 | 278 | 244 | 000 |1.00| 235 | 0.00 | -1.00

T | 2t 1883 | 68 | 726 | 433 Joes]ose=] 230 | 033
M2XME 1 1024 | 022 | 099 | 988 | es7 foses 1330 2218~ | 0s2
_;f Ms xm | 0s0m | 193 | 228 | 62 794 Joa7| o056 | sa= | 007
“3 "“5 338 | 1368 | 023 573 | 133 J120] 349 | 778~ | o075
MIXME | 340 | 1023 | 077 | 24¢ | 244 Jo33] 093 | s1em | 01
MexMs | 101 | 573 | 016 | o000 9.52 | 0.00| 520 | -4.20~ | -1.29
MAXME 1 278 | 2530 ] 012 | 794 | o047 | 85e= | 064 | 052
M5xM6 | 2550~ | -11.13 | 1.67 | o0.64 533 fo0.14 | 6.8 | 667 | 0.54

* - Significant at 5 % level, and ** - Significant at 1% level.

7. Fruit shape index

Regarding fruit shape index, in table (7) fourteen
crosses reflected insignificant ADH values, in relation to
MP, while one cross ( M2 x M6), showed significant
negative value. This means that fruit shape index is
controlled mostly by no-dominance genes.

8. Average fruit weight

For average fruit weight, none of the studied crosses
showed dominance or over dominance for the heavy fruit.
All crosses showed insignificant or significant negative
heterosis values from the MP indicating incomplete
dominance or dominance toward the small fruited parent.
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The estimated ADH value based on the long fruited parent
(BP) support this suggestion. The estimated potence ratio
was in accordance with the postulated theory.
9. Early yield fruit number/plant

Estimated ADH% in relation to the MP showed that
nine crosses exceeded the MP in early fruit number in
table 7, indicating dominance towards the better parent in
this respect. When the ADH for these crosses was
calculated from BP, six ones showed hybrid vigour for the
trait, since they exceeded the BP number of early fruits.
The remaining crosses exhibited no-dominance or
dominance for the low value.
Table (7): Magnitude of heterosis for Fruit shape
index, average fruit weight and early
¥|eldlplant {fruit number).

Fruit shape index Average fruit weight m
Heterosis (%) Heterosis (%) Heterosis (%)
PR won ] PR PR
mP BP | Mo | ont mMP BP
090 | 1092 | 010 ] 241 | 745~ [ 044 | 1667 | 769 | 200
170 | 2497~ | 000 § 026 | -8.44~ | -0.03 | 48.45~ | 25.00~ ] 2.60
644 | 883 Joas | 120 | 350 | 048] 526 | 909 | 033
990 | 1045 | 054 | 402 § 1221~ | 043 | 5238 | 45.45~ | 11.00
849 | 209 J-081] 010 | -228 | -0.04 | 1000 § 000 | 1.00
599 | 417 § 081 ] 431 | 429 | 042 | 3103 ] 18.75* | 3.00
037 | 494 Joo7 | 474 | 457 | 059 ] 1420 ] 769 ] 060
754 | 223 079 1.95 | 563 | 050 | 1304 | 000 | 1.00
"2 x m 20271 1919 | 1514 ] 085 | 761~ | 007 | 0.00 | 1538 | 0.00
"3 x ‘“ 638 | 478 | 135 ] 320 } 874~ ] 053 | 3333~ ] o000 ] 1.00
M3 x “ 874 | 856 J4380] 079 | 458 | .00 | 2308 | 000 ] 1.00
» )

BxME 1 o142 | 688 | 025 | 1.4 J 1097 | 043 | 2800~ ]| 000 | 1.00
 WAXME 1 o35 | 1023 | 149 | 1037 | 1642 | .51 | 5656~ | 40.00 | 5.00
M4XMS | 445 821 ] -112 ] 489§ 917~ | -1.04 | 4118~ | 3333 | 7.00

M35 x M6 -

7.01 | 16.60° | -0.85 § .89 | 1471~ | 042 | 47.37 | 55.56~ | .00

* - Significant at 5 % level, and ** - Significant at 1% level.
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10. Early yield fruit weight /plant

The same trend of inheritance early fruit weight was
observed. The crosses showed dominance towards the
high early yield in. Table 8. From these crosses, four ones
showed hybrid vigour for the trait. The no-dominance and
partial or complete dominance for the high yield was
observed some other crosses. In this regard, Firpo ef al.,
(1998) and EI-Gendy, (1999) found heterosis over both
mid and better parental values for early yield in summer

squash.
Table (8) Magnitude of heterosis for early yield/plant
(Fruit welght), total yield/ plant (fruit number).
and total yield/plant (fruit weight).

I T BT T
L ahtip! number/ plant P
Hybrlds 9 ]
1 Heterosis Heterosls I
rosis (%) PR rosis (%) PR Hetsrosis (%) PR

1 wmp BP MP BP MP BP
MixM2 | 1344 | 020 Joss | 667 | 256 | 167 | 382 | 0.2~ | 066
MIxM3 | 4560~ ] 1487 | 1.71 | 1111~ | 744* J 300 | 323 | 021 | o094
MixM4 | 431 | 787 | 033 | 2258~ | -256 | 088 | 945 | 1631 ] 031
MIXME | 46.80~ | 53.78* | 10.24 | 21.88~ | 000 | 1.00 | 841 | 1025 } 0.0
MOXME | 1380 | 144 | 113 | 1420~ | 769" | 060 | 223 | 2338~ | 007
M2xM3 | 2250~ | 802 | 167 | 1026~ | 238 | 133 | 946+ | -067 | 0.3
Mams | - - - -
S ) 08.81 | 99.06~ | -3.74 | -59.32* | e6.67 | -2.69 | 99.58 ]| -1.42 | 4.08
MBM5 | 437 | 435 | 048 | 1475~ | 278 | 0.82 | 13.34 079 | 094
M2xM6 -

21 184 | 2174~ ] 007 | 1333 | 556 | 067 | 11.65* | -1227~ | 0.43

M3xM4 - :

~ tagee~] 689 Jors | 769 | 1667 ] 026 § 281 |} -2319~ | o0.08
MIXM5 § 2293 | 046 [ 1.02 f 3433 | 7.14* | 1.35 | 3412~] 811" 1.42
M3xM6 | 2285+ | 1074 | 0.61 | 21.21= | 476 | 078 | 17.26* | -1407 | 0.47
M4xM5 | 54 28+ | 31.00~ | 3.07 | 41.67 | 36.00~ | 10.00 | 2637~ | 14.19* | 247
M4xM6 | 391a+ | 37.72* | 3685 ] 6.38 417 ] 300 | 1.08 -1.82 0.37
m5xm6 | 39.20~ | 19.40 | 2.56 | 6.67~ | 16.00~ | 000 | 1187 | -1.51 0.87

* - Significant at 5 % level, and ** - Significant at 1% level.
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11. Total yield fruit number/ plant ,

Data presented in Table (8) show that most studied
crosses showed dominance towards the high number of
fruits, since they exceeded the mid parents significantly.
Based on the better parent four crosses exhibited hybrid
vigour for the high number, since significantly exceeded
the BP in this respect. Incomplete and partial dominance
was also observed. ' '

12. Total yield fruit weight/ plant

The same trend of inheritance total fruit weight was
observed. The crosses showed dominance towards the
high total yield in table 8. From these crosses, two ones

“showed hybrid vigour for the trait. The no-dominance and
partial or complete dominance for the high yield was
observed in some other crosses. Firpo et al. (1998), El-
Gendy, (1999) reported hybrid vigour for fruit yield and its

_contributing traits in squash. Marie et al. (2012) reported
that heterosis over mid parent was evident in all yield
components.

Marie et al. (2012) reported that heterosis over mid-
parents was evident in all yield components. They added
that high heterosis values for the most studied characters
for the mid-parents, and high parents, indicating that
genotypic values for the studied parent lines.

lli - Heritability
Moderate to high values of heritability in broad
sense (k') were calculated for most studied characters,

while it was relatively low for other one. The obtained (4})

values for the studied characters are 97.23 for No. of days
to first pistillate flower, 73.96 for No. of pistillate flowers
(2),85.66 for No. of staminate flowers (8),77.37 for sex
ratio, 88.24 for fruit length, 91.69 for fruit diameter, 67.4
for fruit shape index, 89.30 for Average fruit weight , 29.29
for early yield fruit number, 31.01 for early yield fruit
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weight , 39.64 for total yield fruit number and 32.21% for
total yield fruit weight. The low (h?) values in this trait

could be attributed to the low magnitude of total genetic
variance and / or due to the high magnitude of
environmental variance. In this respect, many authors
obtained similar results among them. El-Gendy, (1999)
and Aruah et al. (2012). 4

REFERENCE

Al-Hamdany, S.Y.H. and W. B.AM. Al-Lelah (2011).
Combining ability analasis for yield and its
combonents in summer squash (Cucurbita pepo L.).
J. Agric. Rafidain, Iraq. 39(1): 40-48.

Aruah, B. C.; I. M. Uguru and B. C. Oyiga (2012). Genetic
variability and inter-relationship among som Nigerian
pumpkin accessions (Cucurbita spp.). International

. Journal of plant breeding. 6(1), 34 — 41.

Cochran, W.G.,, and G. M. Cox (1957). Experimental .
Designs . Willy, New York, pp 611.

El-Gendy, S. E. A. (1999). Estimates of genetic parameters
in some squash hybrids through two mating designs.
Ph.D. Thesis, Fac. of Agric. Mansoura Univ. 117p.

El-Hadi, A. H. and E.A. El-Gendy (2004). Effect of genotypes
by locations interaction on economical traits of
squash. J. Agric. Sci., Mansoura Univ., 29(10): 5567-
5587.

Firpo, I. T.; F. Lopez Anido; S. M. Garcia, and E. Cointry
(1998). Heterosis in summer squash (Cucurbita pepo
L.). Cucurbit Genetics Cooperative (CGC) 21: 43-45.

Griffing, B. (1956). Concept of general and specific
combining ability in relation to diallel cropping
system. Australian J. of Biological Sci., 9, 463-495.

Hallauer, A.R. and J.B. Miranda Filho, (1988). Quantitative
Genetics in Maize Breeding. 2™ edn. lowa State
University Press, Ames.

Marie, A. K.; M. Y. Moualla and M. G. Boras (2012).
Heterosis Study of Some Quantity Characters of
Squash Cucurbita pepo, L. Damascus University
Journal of Agricultural Sciences, Syria. 28(1): 339 —
354.



J. Agric. Res. Kafr EI-Sheikh Univ., 39 (3) 2013 443

Paris, H.S., (1996). Summer Squash: History, diversity, and
distribution. Hort. Technology 6: 6-13. ’

Sinha, S.K. and R. Khanna (1975). Physiological,
biochemical and genetic basis of heterosis. Advan.
Agron. 27, 123-174.

Singh, R. K. and B. D. Chaudhary (1995). Biometrical
Methods in Quantitative genetic analysis. Kalyani
Publishers, New Delhi-1 1002. India, p.317.

Smith, H. H. (1952). Fixing transgressive vigour in nicotiana
rustica . In heterosis , lowa State College Press.
Ames , lowa, U.S.A.

Snedecor, G. W. and W.C. Cochran (1990). "Statistical
Method". 7th ed. The lowa State Univ. Ames. USA.

593 p. |
@il Gadlly’
dpeaan cilhua el () UL '3y B 49 L i
Ayl g

A 3o Gaall 38 Q| e Gl saal P qubalB 3 gaas
- e 150 & gl Fooa- Ol Cigay dgan. SR8Y Gy, oLl

oyﬁ*m&HMquqLMﬂ'omwlgjemduﬁr
O g GLSy ¢ Yoy ¢ Yode QL) il ol D& 2 a0 kil
598 Lo 0 L o ellagy ) o YN 030 5508 0% 4a ol 1
waaumlluaqiib,g&a&hch,hulg.m*}.uhd”w@l
Cre ] (g3l g A g S J gumna a5 gual s iy puny Sl g0 520
. pae g Llgd il Jualas

« M1 @@‘ijbﬂlyéyu1h|ﬂ|nﬂgia&nb
Vodo auge o8 Lty Lot cuagdll 5 5aly ¢ M6« M5< M4 « M3 <M2
Gt ¥ N e iy ¢ Al Al LN G gl 435 e J geadll
1,.31,.:;11114511mmanuﬁ&:‘;gﬁqsﬂwlowlﬂw
dol (i gLl sae | oa ol 0 gl 5 o Clisall CuilSy - Gl A e i
oo 5,88 Y e - (@)l e @il Ja 391 e - liges )
B el JS3 Jaxde - 5,000 ydad - 5 el Jgha - 31 Luiad) dpuil - (3) il
A Jlaalll o (Ll G5y 2e) SSaall Jgeandll L 5580 (5 y da i -
b IS Ll o o gia (Ll (599 320 )
qAL‘eIGLLAAﬁlémieA‘C\M_,



444 M.K. Hatem, et al.,

Eiliall J& G gina caNASY) lo Lalall y Zatadt 5080 (g J< bl OS]
Ciants lly gl Jaill (e DS Dyl gy 134 - L 0 5 )

; L cilipall oda &5y & cilipall
i_iLdtiJA_maLil)aﬂ\c_ul.k_uﬁwh,ﬂ_sA\w|Q)+h‘[\‘]
d.-,i!\o.‘l._mi)S‘!Jﬁgagw\daﬂ\g‘ﬁ‘i\uh&ulb
‘,_.L_usy\z_,d\...a‘,_\g,g.;m,,L.,\J.ﬂm_ss‘;.u,‘.mqjq.a:.ﬁu\

. Cilinall alacds puand g4 Ay i Al kS
‘;.ﬁmz..*,‘,!m;dssqmwuhz:.waﬁm\,;tsqsgwmms\[r]
M33.D\1..J|Q‘L\ﬂ’*@l,-@@\g;éﬂhﬁ,@csﬁ
Cliall planad lal) Ayl paf om0 A} YD) Jiall culs

. M2 M1 OSADE gl ¢ Ly 3l
Jaad 3 oagh of DAY e Lalal) 5,0l <l il Al il [£]
5 0l 4 gina g e o8 kel M1 ¢ M2 (M3 LY o3a aal Ledy oS5 i
S 138 oy Ay pldlanlival) Calisd 8 Cadasy) el
Lﬂ\gﬁwﬁ,iﬁ)ﬁ@\)}@@um‘mxwah‘.\.x.a:m\

33.3 ¢ A Bale ¢ z__;h__j‘.ai.)\.‘\.y ¢ 53\4.,»(\.\45!) 3alu ) e.L:dSQ).‘L [°]
\ﬁmgesuﬂ\g,;wus_uM\au,A\qqumaeso;;ﬂ(w\
I g 23a8 Jgeaadl LuaSAia b a3 o oeda s — Leanitiy
Gl e Lgied y s dun gl 4 Glas gl 2L o i Laa s
) 8k el

iall CadGAL cailia) il of oa gl 388 Sy ) gl Jalaa ol Zaadlly Wl [1]
o na e Ay pedadll CHLINERY) (e 338 6 3 OH LA alina (s
Yl o Adaadtall 4 ginall (39, o Jy 13y, A )l claduay)
A5l Y e e ddlisdl cliall G



