
•• 

J. Agric. Res. Kafr EI-Sheikh Univ., 39 (3) 2013 423 

STUDIES ON THE INHERITANCE AND TYPES OF 
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ABSTRACT 

This investigation was carried out during two summer seasons 
2010 and 2011 to study the heterosis and combining ability for 
some traits In summer squash at EI-Kanater EI-Khyrela 
Experimental Station of Hort. Res. Institute. Six parental lines 
viz., M1, M2, M3, M4, M5'and M6 were used in this &tudy.ln 2010 
all possible crosses, without reciprocals; were made to produce 
the 15 F1s. In 2011, the 15 crosses and their parents were 
evaluated for some important characters. Combining ability and 
heter6sis were measured for all studied traits .T.he obtained 
results could be summarized as folloW&: 
(1)Highly significant differences for general and specific 

comblnlr:ag 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) Certain 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 yield 
indicating that using hybrids In commercial production is 
very important. 

(6) Heritability h! rang8d from 29.29 for fruit number In early 
yield to 97.23 for number of days to first pistillate flower, the 

low (his ) values in some traits could be attributed to the low 
magnitude of total genetic variance and I 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 on~ of the 

important popular vegetable crops in Egypt. The cultivated 
area in 2010 according to statistics of the Ministry of 
Agriculture, 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 squ~h ( 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 cl'laracters. Also they reported the 
importance of additive and non-additive gene actions for 
total fruit number and precocious production. 

· ~1-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). 
EI-Gendy, (1999) found in summer squash high heritability 
in broad sense with a values of (his 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 a/. (2012) found high his 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 EI
Kanater EI-Khyreia Horticulture Research Station, during 
two successive summer seasons of 2010 and 2011.Ttie 
genetic materials used in this study were six parental lines 
of summer squash (Cucarbita pepo L.) viz, M1, M2, M3, 
M4, MS . and M6 which were ob~ined from College of 
Horticulture, Northwest University, China. 

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

Seeds were sowing in the field on March 14th 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 15 rows for crosses), 
each row contained 12 plants. The distance between 
plants was 50 em. 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 I plant. 
(3) Sex ratio. It Was determined as: - No. of staminate 

flowers I No. of pistillate flowers 
(4) Fruit Length (em), diameter (em) 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 model1. 

(3) Average degree of heterosis (ADH %), was expressed 
as percent increaSe or decrease of the performance 
above the mid-parents ( MP) value ana the high 
parent ( HP ) value (Sinha and Khanna, 1975). 

(4). Potence ratio (PR) =Pi -MP!t(~ -~).(Smith, 1952). 

(5) Heritability in broad sense (1(8 ). 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: 

h
2 (j2 (j2 

bs: K/ P. 

RESULTS AND DISCUSSION:-

Data of the studied characters for parental line and fi 
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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Table (1): Mean performance of parents and hybrids 
for studied characters in summer squash. 

M1 
M2 
M3 
M4 
M5 
M6 

M1xM2 

M1xM3 

M1xM4 

M1xM5 

M1xM6 

M2xM3 

M2xM4 

M2xM5 

M2xM6 

M3xM4 

M3xM5 

M3xM6 

M4xM5 

M4xM6 

M5xM6 
LS.DatO.OS 
LS.Dat0.01 

No. of days 
to first 

pistillate 
flower(~). 

38.67 
. 35.33 

31.33 
. - 40.33 

42.67 
44.33 

34.67 

'30.33 

36.67 

33.33 

40.33 

31.33 

36.67 

39.33 

41.33 

37.00 

33.00 

37.33 

39.33 

41.33 
42.33 
1.12 
1.50 

No. of No. of 
pistillate staminate 

flowers(~) I flowers (d') I 
plant plant 

16.00 
13.00 
17.33 
19.33 
18.67 
15.00 

13.00 

17.67 

16.67 

15.67 

16.00 

15.33 

14.67 

16.33 

17.33 

19.67 

17.00 

18.33 

18.33 

17.33 
18.67 
1.72 
2.30 

22.33 
19.33. 
20.33 
21.ocr 
29.00 
33.33 

20.67 

20.33 
• 23.67 

23.33 

27.67 

19.33. 

23.00 

19.67 

25.67 

20.33 

22.67 

23.67 

27.00 

30.33 
26.00 
2.80 
3.47 

Sex ratio. 
Wd' 

1.39 
1.49 
1.17 
1.39 
1.59 
2.20 

1.59 

1.15 

1.42 

1.49 

1.73 

1.26 

1.57 

1.21 

1.49 

1.03 

1.33 

1.29 

1.48 

1.75 
1.41 
0.21 
0.28 

Fruit length 
(L) 

(em). 

10.83 
10.00 
13.67 
10.50 
12.50 
13.67 

10.83 

12.33 

10.17 

10.67 

11.33 

10.5.0 

10.00 

10.43 

10.67 

11.33 

12.33 

13.33 

11.5.0 

11.33 
13.17 
0.78 
1.05 

Fruit 
diameter 

(D) 
(em). 

3.80 
2.90 
3.27 
2.77 
3.00 
3.87 

3.40 

3.43 

3.27 

3.37 

3.87 

2.93 

2.77 

2.97 

3.83 

3.03 

3.23 

3.53 

2.73 

3.03 
3.20 
0.18 
0.24 

·. 
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Table (1) Con. 

Early yield Early yield Total yield Total yield 

~ Fruit shape Average fruit fruit weight fruit fruit weight I 
index. fruit weight number/ /plant number/ plant. 
(UD) (g). 

plant. (g) plant. (g) ty 

M1 2.87 88.33 3.67 323.83 13.00 1347.00 
M2 3.44 98.50· 4.33 426.33 12.00 1176.00 
M3 4.18 104.83 5.33 568.33 14.00 1443.00 
M4 3.81 92.83 2.67 248.17 7.67 713.00 
M5 4.17 106.50 3,33 354.83 8.33 883.33 
M6 3.53 84.50 3.33 253.50 8.00 672.00 

M1 xM2 3.18 91.17 4.67 425.50 13.33 1213.33 

M1 xM3 3.59 96.33 6.87 842.50 15.00 1440.00 

M1 xM4 3.12 89.50 3.33 298.33 12.67 1127.33 

M1 xM5 3.17 93.50 ' 5.33 ,498.00 13.00 1209.01l ' 
M1 xM6 2.93 88.33 3.87 328.50 12.00 1032.00 

M2xM3 3.58 100.33 8.33 604.17 14.33 1433.33 

M2xM4 3.81 94.00 4.00 329.00 12.33 1159.33 

M2xM5 3.52 100.50 4.33 407.87 11.67 1188.67 

M2xM6 2.78 91.00 3.87 333.67 11.33 1031.87 

M3xM4 3.74 95.67 5.33 520.78 11.87 1108.33 

M3xM5 3.81 104.83 5.33 581.89 15.00 1550.00 

M3xM6 3.78 93.33 5.33 499.28 13.33 1240.00 

M4xM5 4.20 89.33 4.87 465.17 11.33 1008.67 

M4xM6 3.82 84.33 4.00 349.11 8.33 700.00 
M5xM6 4.12 90.83 4.87 423.87 9.87 870.00 

I..S.Dat0.06 OM:·.··'· 'rt·"····,.,. """•.··~:· .,·rc~~:: •• OJ161•' • ;· ·:>1~~:;-· L.S.D at 0.01 0.61 ...... <1.286" 

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 M6) 1 13.00 pistillate flowers(~) I plant 
in (line M2) and (cross M1 x M2) to 19.67 pistillate flowers 
I plant in (cross M3 x M4) I but in No. of staminate flowers 
(d') I plant ranged from 19.33 in (line M2) and (cross M2 x 
M3) to 33.33 in (line M6) I while the sex ratio ranged from 
1.03 in (cross M3 x M4) to 2.20 in (line M6)1 in fruit length 

r 
I 
I 
I 

' i I I l 
I . , 

I 
1 
J 

·f 



' j; 
l 

i· 
l ; 
; 

~ 
I. 
\! 

i 
1 

J. Agric. Res. Kafr EI-Sheikh Univ., 39 (3) 2013 429 

ranged from 10.00 em. in (line M2) to13.67 em. in (lines 
M3 and M6), in fruit diameter the means ranged from 2. 73 
em. in (cross M4 x M5) to 3.87 em. 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 yield 
fruit number/plant the mean number ranged from 2.67 in 
(line M4) to 6.67 fruit in (cross M1 x M3), in total y!eld fruit 
number/ plant the number ranged from 7.667 in (line M4) 
to15.00 fruits in (eros$ M1 x M3), and the mean of total 
yield fruit weight I plant 672.00 g. to 1560.00 g. in (cross 
M3 x M5). 

' 1- Combining ability:-' 
The analysis of variance for combining ability on 

various studied traits is shown in Table (2). Highly 
signifieant 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 
a/. (1998), EI-Gendy, (1999) and AI-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 I plant. ) ; M3, M4 and M5 
( for No. of pistillate flowers I 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 AI-Hmdany and Al
lelah (2011). 

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

No. of days to No. of No. of 
pistillate staminate Sex ratio Fruit Length first pistillate 

tlowens (~)I flowers (d') I d'l~ (em) flower 
plant ' plant 

MS F liS F MS • F MS F MS F ' 

Fruit 
DiMteflar 

(em) 

MS F 
167.17** 360.05 28.76** 26.28 161.85** 65.05 0.51** 29.76 14.97** 28.58 1.43** 118.53 
10.02** 21.59 4.31** 3.94 8.82** 

16.68 6.68 
.. 

*Significant at 0. 05 level of probability . 
**Significant at 0.011evel of pr()babHity. 

Table (2)Con. 

18.35 
3.54 0.09** 5.09 0.95** 1.81. 0.07** 5.96 

5.84 15.78 19.87 

GCA 1.61r 21.53 452.23"" 92.70 1.52" 37.31 1140!7.A5" 54.51 46.oa- 133.41 659223.52"" 200.21 

SCA 0.19"* 2.423 11.70 3.13 1.aa- 1.21 14473.59 1.92 "-M 1"-03 35721.19 10.15 

GCAISCA 1.aa 2"-11 "-53 

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

7.81 9.52 18.45 
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Table (3): Estimated general combining ability (GCA) 
effects for the parental lines regarding some 
h te h c arac rs 1n summer squas . 

I~ 
No. of No. of No. of 

days to pistillate staminate Sex ratio Fruit Fruit 
first 

flowers(~) flowers (d') d'l~ Length Diameter 
pistillate /plant I plant ts flower 

M1 ~.88** . -2.29** -3.00*"' 0.01 -1.26 0.83** 
M2 -2.88** -5.41** -8.00** -0.02 -2.98 -0.40** 
M3 -11.25** 2.08** -8.00** -0.65** 2.55** -0.01 
M4 3.75 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** 2.55** 0.93** 

* Significant at the 0.05 level of probability according to" T " test. 
- Significant at the 0.01 level of probability according to or.T H test. 

Table {3) Con. 

ts: Ear1y yield Total yield Total yield 
Fruit Average Ear1y yield · fruit fruit fruit 

shape fruit fruit weight/plant number/ weight/ 
Index weight number/plant plant (g) pi ant (g) ta 

M1 -1.22** -9.50** o,oo -41.47** 3.50** 326.63** . 
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** 
M4 0.42** -7.63** -1.88** -184.63** -4.13** -493.13 
M5 0.81** 12.44** 0.00 43.12** -2.00** -98.88** 
M6 -0.18 -16.50** -1.38** -191.19** -4.50** -610.13 

.. 
* Srgnificant at the 0.051evel of probability according to "T" test. 
** Significant at the 0.01 level of probability according to "T" test. 

For specific combining ability effects of the 
crosses, the best combinations were : M1 xM3 , M1 xM6 , 
M2xM6, M3xM4 , · M3xM6 and M5xM6 (for No. pistillate 
flowers) ; M1 xM6 and , M3xM5 (for average fruit weight); 
M1 xM3,M1 xM4, M1 xM5, M1 xM6, M2xM4 ,M2xM6, 
M3xM4, M3xM6, M4xM5, M4xM6 and M5xM6 (for early 
yield fruit number) ; M1xM2, M1xM3, M1xM4, M1xM5, 
M1 xM6 , M2xM3, M3xM4, M4xM5, M4xM6 and M5xM6 
(for early yield fruit weight) ; M1 xM4, M1 xM5, M1 xM6, 
M2xM4 , M2xM6, , M3xM4, M3xM6, M4xM5 and M4xM6 
(for total yield fruit number) ;M1 xM4, M1 xM6, M2xM3, 
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M2xM4 I M2xM61 M3xM5 and M3xM6 (for total yield 
fruit weight). Meanwhile, the best combinations for No. of 
days to first pistillate flower) were M1 xM3 I MfxM51 
M2xM31 M2xM4 1M3xM5, M4xM5 and M4xM6; M2xM5, 
M3xM4, M3xM6 and M5xM6 (for No. of staminate flowers 
(d');M1 xM3, M2xM5 , M2xM6, M3xM4 I M3xM6 and 
M5xM6 ( for sex ratio ); M1 xM5, M2xM3 and M2xM6 (for 
fruit length) ;. M1 xM3, M2xM3, M4xM6 and M5xM6 (for 
fruit diameter);. M1 xM4 M1 xM5, 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 eff~ct values. EI-Gendy, 
(1999) and AI-Hmdany and Al-lelah (2011) found positive 
and negative SCA effects concerning 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 . 

Characters 
M2 M3 

No. of days to first pistillate flower. ..0.39 . -6.01"'* 
No. of pistillate flowers(~) I plant. • -3.48"" . 3.02"'* 
No. of staminate flowers id'l I plant 0.86 ..0.14 
Sex ratlo •. d'l!i/ 0.44"'* ..0.26* 
Fruit Length. 2.29"" 1.27 
Fruit Diameter. 0.02 ..0.26* 
Fruit shape Index • 0.60* 0.57* 
Average fruit weight . -5.04"'* 0.64 
Early yield fruit number/plant. ' 0.71 3.46"'* 
~:@I'll_ Yield fruit weight (g)/plant. 52.82"'* 330.64"'* 
Total yield fruit number/ plant. ..0.55 0.57 
Total yield fruit weight (g)/ plant. -240.50 -52.25 
No. of c:Javs to first ~Jiate flower. -4.018"'* 
No. of pistillate flowers (~)I plant. ..0.86 
No. of staminate flowers Ld'l_l ~nt 1.86 
Sex ratio. d'l!i/ 0.11 
Fruit Length . -2.52"'* 
Fruit Diameter. ..0.54"'* 
Fruit shape Index. ..0.13 
Average fruit weight. -2.55 
Early yield fruit number/plant. 2.46"'* 
~:@I'll yJeld fruit wel_ght fg}lpl_ant. 173.58** 
Total yield fruit number/ plant. 0.45 
Total yield fruit weight (g)l plant. 62.50"'* 
No. of days to first pistillate flower. 
No. of ~llate flowers (~)I plant. 
No. of staminate flowers (d'J I plant 
Sex ratio. d'lr;(._ 
Fruit Length. 

Fruit Diameter. 
Fruit shape Index. 
A~ fruit weight. 
Early yield fruit number/plant. 
Early ylel~ fruit weight (g)/plant. 
Total yield fruit number/ plant. 
Total yield fruit weight (g)l plant. 

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

SCAeffect 
M4 M5 

-1.02 -11.39"'* 
..0.98 4.23"'* 
-1.89 -2.52 
..0.06 0.15 
..0.79 -2.2"'* 
0.12 ..0.01 

..0.54* ..0.79"'* 
3.27 -4.79* 

-1.41"'* 2.71"'* 
-143.85"'* 227.60"'* 

3.20** 2.07** 
186.50 37.25 
-3.02"'* 4.61** 
-3.88"'* 1.89 
1.11 -8.52"'* 

0.41** ..0.69"" 
0.42 -1.20 
..0.17 0.01 
0.24 ..0.43 
1.58 1.02 

-1.41** ..0.29 
-93.71* -85..48" 
4.07"'* ..0.05 

417.25** 45.00 
8.36"'* -8.02"'* 
3.64** -3.61"'* 
-6.89"'* 0.46 
..0.58"'* 0.32"'* 
-1.11 -1.02 
0.28"'* 0.43** 
..0.61* ..0.79"" 
-3.23 4.21* 
1.34"'* ..0.54 

108.85** 4.22 
-1.60"'* 8.07** 

-227.50** 733.25** 

M6 
517.61"'* 
238.89"" 
332.98"* 
2't.28"'* 

182.77"'* 
51.91"'* 
47.28"'* 

1319.14"'* 
70.09"" 

6517.91** 
202.57** 
19027.5** 

3.81** 
7.02"'* 
0.98 

..0.58** 
-2.02"'* 
1.22"'* ·. 

-1.65"'* 
1.46 

..0.91* 
-73.15 
1.45"'* 

151.25** 
..0.02 
2.52* 

-5.02"'* 
..0.55"'* 
0.46 
..0.06 
0.10 
-1.36 
0.64* 
50.71 
3.57"'* 

284.50** 
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Table (4)Con. 
Parents Characters 

No. of days to first flower. 
No. of pistillate flowers (2) I plant. 
No. of staminate flowers Cd') I plant 
Sex ratio. 0'12 
Fruit Length. 
Fruit Diameter. 

M4 Fruit shaDe index. 

MS 

Averaae fruit welahl 
Early Yield fruit numberlplant. 
Early yield fruit weight 
Total Yield fruit number# plant. 
Total yield fruit weight (g)/ plant. 

No. of days to first pistillate flower. 
No. of pistillate flowers (2.) I plant. 
No. of staminate ftOMKS (d') I plant 
Sex ratio. 0'12" 
Fruit Length. 
Fruit Diameter. 
Fruit shape Index. 
Averaae fruit welaht. 
Early yield fruit 
Early yield fruit weight (g)/plant. 
Total Yield fruit number# plant. 
Total Yield fruit weight (g)r plant. 

M2 

* S~gnificant at 0.05 level of probability accordtng to the (T) test 
- Significant at 0.01 level of probability according to the (T) test 

II -Average degree of heterosis:-
1. No. of days to first pistillate flower 

M3 

SCAeffect 
M4 115 

-2.02"* 
-0.61 
1.73 
0.14 
0.92 
-0.19 
0.66* 

-19.17"" 
2.59"* 

272.26"" 
4.70"" 

256.00 

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 

116 
-3.0"* 
-1.48 
3.23"" 
0.22* 
-1.11 

-O.&a-
0.52" 
-5.23" 

-1.80"* 

158.7&-
-0.39 
3.27"" 
-9.39"" 
-0.82"* 
1.48" 

1.02"* 
-5.79"" 
2.09"" 

154.33"* 
0.07 

-43.55 
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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 MS. Their estimated 
ADH values, from the early parent (BP) were insignificant 
and the potence ratios for these crosses w~re -2.00, -1.38, 
-1.00 and-1.86. (Table, 5). EI-Hadi and EI-Gendy (2004), 
reported that significant negative value (-10.7%) for the 
number of days to first pistilrate flower at the pest parent 
was detected. 

2. No. of pistillate flowers I plant 
Over dominance for No. of pistillate flowers I plant 

was shown in one cross, i.e. M2 x M6. Their estimated 
ADH values, from the No. of pistillate flowers I 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 I 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 I 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 
s ta . teft I I t. mma owers p1an 

No. of days to first No. of pistillate flowers No. of staminate flowers (J) 
pistillate flower (~)I plant I plant 

Hybrids 
Heterosis (%) Heterosis (%) Heterosis (%) 

PR PR 
MP BP MP BP MP BP 

M1xM2 -3.70* -1.89 -2.00 -10.34 -18.75* 
. 

-0.80 6.90 
1.00 

M1xM3 
. 

-3.19 -1.38 6.00 1.923 1.50 -4.69 0.00 10.78-

M1xM4 -4.76* 0.00 -1.00 -5.66 -13.79-
. 

0.60 
-4.05 5.97 

M1xM5 
. 

15.97** 
-9.09** -2.11 -9.62* -16.07** 

. 
us -9.68* 4.48 

M1xM6 -0.41 10.00** ,-0.04' 3.23 0.00 1.00 • -0.60 23.88** 

I M2XM3 -6.00** 0.00 -1.00 1.10 -11.54* 0.08 -2.52 0.00 

M2.xM4 -3.08* 3.77* -0.47 -9.28 -24.14** 
. 

0.47 -0.72 18.97** 

M2XM5 0.86 11.32** 0.09 3.16 -12.50** 0.18 -19.18** 1.72 

M2xM6 3.77** 16.98** 0.33 23.81** 15.58** 3.33 -2.53 32.76** 

I···-3XM4 3.26* 18.09** 0.26 7.27 1.724 1.33 -14.08* 0.00 

M3xM5 -1o.a- 5.32** -0.71 -5.56 -8.93* -
1.50 

-8.72 11.48 

M3X:M6 -1.32 19.15** -0.08 13.40* s.n 1.86 -11.80* 16.39* 

M4XM6 -5.22** -2.48 -1.86 -3.51 -5.17 - -4.14 0.00 2.00 

M4xM6 -2.36 2.48 -0.50 0.97 -10.34* 0.08 0.55 12.35* 

M&xM6 -2.68* -0.78 -1.40 10.89* 0.00 1.00 -17.02** -11.36* 

• - 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. 

PR 

-0.11 

-1.00 

·.o.43 

-0.71 

-0.03 

-1.00 

-0.04 

-0.93 

-0.10 

-1.00 

-0.48 

-0.49 

-1.00 

0.05 

-2.67 
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5. Fruit Length 
Regarding fruit length, fourteen crosses refl~ed 

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-0.11 ). 
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Table 6: Magnitude of heterosis for sex ratio, fruit 
I th d f "t d" te engj an ru1 1ame r. 

Sex Ratio. Fruit Length. Fruit Diameter. 

Hybrids Heterosis (%) 
PR 

Heterosis (%) 
PR 

Heterosis (%) 

MP BP MP BP MP BP 

M1xM2 10.52 14.08 3.37 4.00 8.33 1.00 1.49 17.24** 

M1x·M3 ·10.51 -1.99 -1.21 . 0.68 13.85** 0.06 -2.83 5.'10** 

M1 xM4. -
1.67 1.67 0.02 -4.69 -3.17 3.00 -0.51 18.07** 

M1xM5 -
0.34 7.16 0.05 -8.57 -1.54 1.20 -0.98 12.22** 

M1xM6 -
-3.70 24.11** -0.17 -7.48 4.62 0.65 0.87 1.75** 

•M2xM3 -
-5.01 7.67 -0.43 -11.27** 5.00 0.73 -4.86 1.15** 

M2xM4 
1 . -

8.67 12.17 2.78 -2.44 0.00 1.00 -2.35 0.00"* 

M2xMS - -
-21.48** 18.83** -6.6 -7.26 4.33 0.65 0.56** 2.30** 

M2xM6 -
-19.24 0.22 -0.99 -9.86 6.67 0.64 13.30 32.18** 

M3X:M4 -
'. -19.59** -11.93 -2.25 -6.21 7.94 0.47 0.55 9.64** 

M3xM5 -
-3.38 13.64 -0.23 -5.73 -1.33 1.29 3.19 7.78** 

M3xM6 -
-23.40** 10.23 -0.77 -2.44 -2.44 0.33 -0.93 8.16** 

M4xM5 -1.01 5.73 -0.16 0.00 9.52 0.00 -5.20 -1.20** 
M4xM6 - -

-2.78 25.30** -0.12 -6.21 7.94 0.47 8.54** 9.64* 
M5xM6 -25.59** -11.13 -1.57 0.64 5.33 0.14 -6.8** 6.67** 

* - 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. 

PR 

0.11 

-0.38 

-0.03 

-0.08 

1.00 

-0.82 

-1.00 

0.33 

0.93 

0.07 

0.75 

-0.11 

-1.29 

-0.52 
-0.54 

j , 
r 
I • 
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The estimated ADH value based on the long fruited parent 
(BP) support this suggestion. The estimated potenc,e 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 
yield/plaht (fruit number) • ' 

1:::<·'· /;;.• Fruit shape Index Average fruit weight Early yield fruit 
numbel1plant 

~~~ Heterosis (%) tfeCaroaiS (%) Het8roals (%) 
PR 

High 
PR PR 

MP BP MP parent MP BP 

...... ,..x·.a· 0.90 10.92 -0.10 -2.41 -7..45"* -0.44 18.87 7.89 2.00 ·<.: .. ::;:·:: .. : 
,· 

.'I!Hll:lll3' 1.70 24.97"" -0.09 -0.28 -8.11- -0.03 48.15"* 25.00"* 2.80 
' 

M1x'IIN'·· -8.44 8.83 0.48 -1.20 -3.59 -0.48 5.26 -9.09 0.33 :. ·:·''· .. :.;:.::,,,··::: 

''lltx'IIS• -
·:··::: -9.90 10.45 0.54 -4.02* 12.21- -0.43 52.3r* 45.45"* 11.00 ·:, 

'lltilll; -8.49 2.09 -0.81 -0.10 -2.26 -0.04 10.00 0.00 1.00 

112x'll3 -5.99 4.17 -0.81 -1.31 -4.29* -0.42 31.0a- 18.75* 3.00 

1112xiiM -0.37 4.94 0.07 -1.74 -4.57" -0.59 14.29 -7.89 0.80 
M2xM5 -7.54 2.23 -0.79 -1.95 -5.&3- -0.80 13.04 0.00 1.00 

M2XIII - -
20.~ -19.19 15.14 -0.55 -7.&1- -0.07 0.00 -15.38 0.00 

M3xll4 -8.38 -1.75 -1.35 -3.20 -8.74- -0.53 33.3a- 0.00 1.00 
M3xiiS -

-8.74 -8.56 43.80 -0.79 -1.56 -1.00 23.08* o.oo 1.00 
' 

ll3xMI -
-2.12 6.89 0.25 -1.41 10.97"" -0.13 28.00"* 0.00 1.00 

114xll5 - -
5.35 10.33 1.19 10.37"" 16.1~ -1.51 55.5r 40.00"* 5.00 

114xM6 4.18 8.21 -1.12 -4.8s- -9.17"" -1.04 41.18- 33.33" 7.00 
M5xM6 -

7.01 16.80" -0.85 -4.&s- 14.71- -0.42 47.37"" 55.56- 9.00 
* - S~gnificant 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 domil1ance for the high yield ·was 
observed some other crosses. In this regard, Firpo eta/., 
(1998) and El-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 weight), total yield/ plant (fruit number). 
and total yield/plant (fruit weight) • 

Early yield Total yield 
Total yield fruit 

fruit weight/plant 
number/ plant 

fruit weight/ plant 

,'Hybl'kla g g 

Heterosis (%) 
PR 

Heterosis (%) 
PR 

Heterosis (%) 
PR 

MP BP MP BP MP BP 

M1xM2 13.44 -0.20 0.98 6.67 2.56 1.67 -3.82 -9.92** -0.66 

M1XM3 45.50** 14.87** 1.71 11.11** 7.14* 3.00 3.23 -0.21 0.94 

M1xM4 4.31 -7.87 0.33 22.58** -2.56 0.88 9.45* -16.31** 0.31 

M1XM5 46.80** 53.78** 10.24 21.88** 0.00 1.00 8.41 -10.25** 0.40 ,. 

M1xM6 13.80 1.44 1.13 14.29** -7.69* 0.60 2.23 -23.39** 0.07 

M2xM3 22.59** 8.02 1.67 10.28** 2.38 1.33 9.46* -0.67 0.93 

M2xM4 - - - -
98.81** 99.06** -3.74 -59.32** 66.67** -2.69 99.58** -1.42 -4.06 

M2XM5 4.37 -4.35 0.48 14.75** -2.78 0.82 13.31 -0.79 0.94 

M2xM6 -
-1.84 21.74** -0.07 13.33** -5.56 0.67 11.65* -12.27** 0.43 

M3xM4 -
28.99** -6.89 0.75 7.69 16.67** 0.26 2.81 -23.19** 0.08 

M3xM5 22.93** 0.46 1.02 34.33- 7.14* 1.35 34.12** 8.11* 1.42 

M3XM6 22.85* -10.74 0.61 21.21** -4.76 0.78 17.28** -14.07 0.47 

M4XM5 54.28** 31.09** 3.07 41.67** 36.00** 10.00 26.37** 14.19* 2.47 

M4XM6 39.18* 37.72* 36.85 6.38 4.17 3.00 1.08 -1.82 0.37 
M5xM6 39.29** 19.40 2.56 6.67** 16.00** 9.00 11.87* -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 JJ. 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 eta/. (1998), EI
Gendy, (1999) reported hybrid ·vigour for fruit yield and its 
contributing traits in squash. Marie eta/. (2012) reported 
that heterosis over mid parent was evident in all yield 
components. 

Marie eta/. (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. 

m- Heritability 

Moderate to high values of heritability in broad 
sense (hi) were calculated for most studied characters, 

while it was relatively low for other one. The obtained (hi) 
values for the studied characters are 97.23 for No. of days 
to first pistillate flower, 73.96 for No. of pistillate flowers 
(~),85.66 for No. of staminate flowers (d'), 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 (hi ) values in this trait 
could be attributed to the low magnitude of total genetic 
variance and I or due to the high magnitude of 
environmental variance. In this respect, many authors 
obtained similar results among them. EI-Gendy, (1999) 
and Aruah et a/ .. (2012). 
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