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ABSTRACT

This study was conducted in research farm and laboratories of Horticultural Research
Institute, Agric. Res. Center (ARC) during the p:.viod from 2009 to 2011 to estimate heterosis,
general and specific combining ability of some c ccumber economic characters, viz., main stem
length (MSL), number of branches/plant (NB), number of female flowers / plant (NFF), average
Jruit length (AFL), average frult diameter (AFD) average fruit weight (AFW), eerly yield/plant
(EY), and total yield/plant (TY). Five different inb -ed lines of cucumber, namely Cus 3-2-14 (Py),
Cus 1-27-668 (Py, Cus 2-11-519 (Py), Cus 1-12 26 (P), and Cus 2-23-576 (Pg were used as
parental lines in the present investigation. Diallel rosses (without reciprocal) were made between
these parents to obtain ten hybrids. Results showed that some hybrids were tailer and of higher NB,
AFL, and AFW than the highest parent. Most crosses were earlier and had kigher TY. However,
all crosses had lower NFF, and AFD. General and specific combining cbility were highly
significant for most studied traits and the variance of SCA was greater than that of GCA in the
traits EY and TY, however, GCA was greater thin SCA variance for the traits MSL, NB, NFF,
AFL, AFD, and AFW. These results indicate that il these traits were influenced by both GCA and
SCA with the later having a greater influence for the iraits EY and TY, which reflecis the role of
ron-additive type of gene action in the expression of these traits. On the contrary, the other
characters exhibited that GCA was more importa: it than SCA by nearly fwo times or more whick
reflects the role of additive type of gene action in ‘he expression of these traits. The parental lines
P and Powere good general combiners and the cri1ss Py % Py Py X Py, Py % Py, Py % P, and Ps x Py
were the best and promising kybriids. However, the results alse pointed to the potential of certain
crasses as source for selecting high yielding lines . n their segregating generations because additive
gene effects were responsible for their performanc:.
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INTROD'JCTION
Cucumber {Cucumis sativus L.) is one of the most important
vegetable crops all over the world a5 well as in Egypt. In recent years,
cucumber has become of special ilaportance because it ranks first in
cultivated area among all vegetable crops grown under greenhouses in
Egypt, exceeding pepper and tomatoes.

, The diallel analysis is a valuable method to evaluate parents and
hybrid combinations. The presence >f large amount of additive genetic
variance would indicate that substaniial progress could be achieved using
selection in early segregating generitions. On the other hand, the large
amount of dominance and epistatic effects are necessary for heterosis and
actually needed for the successful devi:lopment of hybrids. Use of F, hybrids
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is the quickest way of combining he valuable traits into one, besides the
added advantages of heterotic ield (Choudhury et af, 1965). The
knowledge on gene action for expn:ssion of various quantitative characters
is very essential in deciding the proper breeding method for genetic
improvement.

Different heterosis values for cucumber were reported by several
authors. Dogra et al (1997), Munshi er a/ (2006), and Hanchinamani and
Patil (2009) showed positive hetercsis over better parents for most of the
horticultural traits. From the 75 heterosis estimates, only three were
negative for total yield/plant (Cardoso 2006). However, Awad (1996)
reported negative heterosis over higl parent as -13.22% for NB, -8.50% for
AFL, -14.94% for AFD, -1237% for AFW, and -10.33% for TY.
Heterosis for TY and yield compone its was observed in only one out of the
four evaluated hybrids (Cramer and Wehner 1999). Moreover,
Hanchinamani (2006) found that heterosis over the better parents ranged
from -46.02 to 14.52% for MSL, -2!.39 to 9.38% for AFW, and -50.51 to
31.73% for TY. Abd Rabou (2008) «stimated heterosis over high parent as
8.1% for MSL, -45.6% for NFF, -15.9% for AFL, -8.9% for AFD, -
5.63% for AFW, and P5% for TY. :

Many authors directed studizs of cucumber breeding mainly to
analysis of combining ability and gen:: action for understanding the mode of
inheritance of the economic traits as Awad (1996), Hanchinamani (2006),
Munshi ef al (2006), Nazim Uddin et a/ (2009), Moushumi and Sirohi
(20190), Chirani et al (2011), and Dog a and Kanwar (2011) who found that
mean squares for GCA and SCA were highly significant for most cucumber
fraits, suggesting the importance of bith additive and non-additive genetic
variance. Also, Cardoso (2006) found that additive and non additive effects
were significant for total yield per plant.

Awad (1996), Hanchinamani 12006), Munshi et @/ (2006), Nazim
Uddin ef al (2009), Moushunii and Sirohi (2010) and Dogra and Kanwar
(2011) revealed that variance of SCA was greater {han that of GCA in all
studied cucumber traits. This indicates that ali these traits were influenced
by both GCA and SCA, with the later having a greater influence. This
reflects the role of non-additive type of gene dction in the expression of
these traits.

‘Therefore, the objective of the present study was to study the type of
gene action controlling some economic characters in cucumber using diallel
crossing system. Such study may help in suggesting an accurate and
appropriate breeding program for improving yield and quality traits of
cucumber. This permits the cucumber breeders to develop or select good
lines or hybrids that are better adapted tc greenhouse conditions in Egypt.
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MATERIALS AND METHODS
This study was conducted in research facilities of Horticulture
Research Institute during the period from 2009 to 2011. Five different
inbred lines of cucumber, namely Cus 3-2-14 (Py), Cus 1-27-608 (P;), Cus
2-11-519 (P3), Cus 1-12-26 (P4), and Cus 2-23-576 (Ps) were used as
parental lines in the present investigation. These inbred lines were
developed by Dr. A. M. Abd Rabou, Hort. Res. Inst, ARC, Egypt (Abd
Rabou 2003). Selfing of the five parznts was done twice to insure high
degree of purity of each parent beforc crossing. Thereafter, diallel crosses
were made between these parents o obtain ten F, hybrids (without
reciprocals) in 2010. The fifteen genotypes (5 parents, and 10 F, crosses)
were grown under greenhouse conditions in a randomized complete block
design with three replications at Kaha Vegetable Research Farm, Kaliobia
Govemorate during winter season of the year 2010/2011. Seeding and
transplanting dates were September 2™, and September 19% 2010,
respectively. The area of the greenhouse was divided into 4 rows. Each row
was I m wide, plants were transplarted on both sides of the row. The
distance between plants, on each s1de of the row was 50 cm apart. Each
experimental plot area was 2.5 m’ and consisted of ten plants. All
agricultural practices were applied -ollowing the recommendations of
Ministry of Agriculture, Egypt.
Data were recorded on various evaluated genotypes with regard to-
the followmg characters:
- Main stem length (MSL) vas measured after 60 days from
transplanting from the surface of the soil to the end of main stem in cm.
- Number of branches/plant (M B) was measured as the number of
branches from the soil to 50 cm length of main stem.
- Number of female flowers / slant (NFF) was detennmed for the
lower 10 nodes/plant (from cotyledons) '
- Average fruit length (AFL) wes determined in cm usmg average of
10 fruits in the 10" harvest by ruler.
- Average fiuit diameter (AFD) was determined in cm using average
of 10 frults in the 10" harvest at the mic dle of the fruit by vernier caliper.
~ - Average fruit weight (AFW) was determined in grams as average.
weight of 10 fruits in the 10™ harvest.
- Early yield/plant (EY) was de ermined in kg of total fruits weight
of the first five pickings.
- Total yield/plant (TY) was (etermined in kg by weighting all
produced fruits for all pickings.
Heterosis (H) was calculated as e percentage of deviation from the
best parent according to following formila:

183



F,-BP
H= _____ x100 {Sinha and Khanna 1975)
: BP

_Where:

Fy =Mean of the first filial generation.

BP = Mean of the better parert.

Data were statistically analyz :d for the study of general (GCA) and
specific (SCA) combining ability according to Griffing (1956) method II,
model L.

RESULTS AND DISCUSSION
Mean performance and heterosis
Means and heterosis estimates over high parent are given in Tables
(1 a and b). Differences among genotypes (parents and hybrids) for all
studied characters were highly significant, indicating wide diversity among
the parental materials used in this study, which is essential for diailel cross
design to be effective (Hayman 1954,.

Table 1a. Mean performance (M) : nd heterosis (H%) over high parent
of 10 Fy's and their parents for studied traits of cucumber.

Main stem No. of No. of female | Average fruit
Genotype| length (cm) branches flowers length (cm)
I M H% M H%| M H% | M H%
P; - [98.22 3.78 2.55 18.30
| 115.56 6.11 3.53 26.07
P; 103.44 K1.67 2.80 13.82
| 110.56 4.44 3.64 22.98
Ps 103.89 4.17 1.55 19.83
[Mean 106.33 4.63 2.81 20.20
Pix P2 120.33 4.13 644 517 [3.84 8.69 [28.43 9.08**
Pix Py 106.112.58 78 230 3.39 2095 [14.17 -22.57**

1% Py 110.11-0.40 (3.28 -16.26 2.000 -45.01*(23.51 2.32

1% Ps 110.446.31* [3.61 -13.36 2.00 -0.22 |[17.54 -11.56**
2x Py {119.563.46 6.55 726 ~[3.66° 3.78- -|18.67 -28.39**
2% Py 131.78 14.04** 467 -13.62*4.I1  13.01 [29.43 28.10**
P2x Ps 07.89 -15.29%*578 -f46 3.56 0.76 [27.40 5.13*
P3x Py 109.67-0.81 R.78 41.43* 3. P1 -14.48 [19.33 -15.86%*
P3x Ps 87.22 -16.04**4.56 -(.02 [2.33 -16.67 (14.83 -25.23%*
P4x Ps 101.33-8.34% 1633 4.54* 4.44 2218 (19.33 -15.86%*

[Mean 109.45 4.88 3.24 21.26
LSD at 0.05i6.52 141 1.24 1.28
LSD at 0.019.46 2.06 1.81 1.85

* and ** indicate significance at 0.05 and 0.01 p robability levels, respectively.
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Table 1b. Mean performance (M) and heterosis (H%) over high parent
(HP) of 10 Fy's and their parents for studied traits of

cucumber.
Average fruit | Average fruit Early yield Total yield
Genotypes | diameter (cm) weight (g) (kg/plant) _(kp/plant)
M H% M 1% M H% M H%
3.60 (96.67 1.04 2.47
[2.64 94.57 0.77 2.16
3.06 114.12 0,75 132
2.53 69.27 0,22 2.05
- 13.68 58.92 0.12 0.34
3.10 86.71 10.58 1.67

290  -19.52** |108.97 12.72** 0.81 -22.36* P23 -9.85
3.11  -13.60** [115.55 1.25 0.14 -86.26** |1.57 -36.57**
2.17  -39.87** {104.95 8.57%* (192 83.72** .70 49.80**
257  -30.19% [72.13  -24 38%* [1.43 37.38%* D 44 -1.35
244  -20.07** |110.78 293 [1.17 52.17* P94 36.17**
204 -22.70** 93,54 -1.8 1.43 86.94%* B.07 42.35%*
2,66  -27.74%* 9222 -2.18 094 @ 2260 3.04 40.96**
2,62  -14.18** 9622 -15.68**(1.11 48.44% 328 60.26%*
352 4.17 115.14 0.9) K.27 -64.44** 1315  138.39**
244  -33.55** [71.26 287 1.03 337.83%* 242 18.24*

2.65 98.08 1.03 2,782
LSD at 0.05 j0.22 X3 0.22 .32
LSD at 0.01 [0.32 7.01 0.33 47

* and ** indicate significance at 0.05 and 0.01 probability levels, respectively,

In general, parental lines showed narrower ranges than Fy’s for all
studied characters except fruit weiglit which showed wider range for parents
than F,’s and total yield which geve similar range. Moreover, means of
parental lines were less than means of F,’s for all studied characters, except
fruit diameter,

~Main stem length (MSL) ranged from §7.22 to. 131 78 cm. Thecross- .

P, x P4 produced the highest significant MSL (131.78 cm) followed by the
cross Py x P2 (120.33 cm) with a sijnificant difference between them. With
regard-to heterosis, 2 out of the 10 evaluated hybrids exhibited significant
positive heterosis over the higher parent for MSL. These crosses are P, x Py
(14.04%), and P, = P; (6.31%).

Number of branches (NB);erplantmngedﬁng?StoﬁSS.'lhe
crosses P, x P3 (6 55) Py x P2(644), 4 X P5(6 33) P;x P5(578), and the
parent line P, had, significantly, the highest NB without significant
differences between them. Concern ng heterosis, 2 out of the 10 evaluated

185



hybrids exhibited significant positive heterosis over the higher parent for
NB. These crosses are Py x P5 (42.54 %), and P3 x P4 (40.43%).

Number of female flowers (NFF) per plant ranged from 1.55 to 4.44.
The crosses Py x Ps (4.44), P, x Py (4.11), P, x P, (3.84), P x P; (3.66), P x
Ps (3.56), P, x P3 (3.39), and the parent lines P, (3.64), and P, (3.53) had,
significantly, the highest NFF witho t significant differences between them.
With regard {0 heterosis, no crosses exhibited significant positive heterosis
over its higher parent for this trait.

Average fruit length (AFL) ranged from 13.82 to 29.43 cm. The
highest value of AFL was detected i fruits of the F; hybrid Py x Py (29.43
cm) followed by the cross Py x Py (28.43) without a significant difference
between them. With regard to heterosis, 3 out of the 10 evaluated hybrids
exhibited significant positive heteros s over its higher parent for AFL. These
crosses are P, x P, (28.10%), P, x P, (9.08%), and P, x P5 (5.13%} ‘

Average fruit diameter (AFI)) ranged from 2.04 to 3.68 cm. The
parents Ps (3.68 cm), and Py (3.60 ¢m), and the hybrid P; % Ps (3.52 cm)
significantly had the highest AFD among all evaluated genotypes without
significant differences between them. The lowest AFD was found in fruits
of hybrids P> x P4 (2.04 cm), and F| x P4 (2.17 cm) without a significant
difference between them. With reganl to heterosis, all the evaluated hybrids
showed significant negative heterosis over its higher parent for AFD trait
ranging from -39.87% to 4.17% for the hybrids P; x P; and P5 x Ps,
respectively.

Average fruit weight (AFW ranged from 58.92 to 115.55 g. The
highest AFW was found in fruits of the hybrids P < P; (115.55 g}, P5 x Ps
(115. 14 g), and P, x P3 (110.78 g), and the parent P; {114.12 g) without
significant differences between them. The lowest mean of AFW was given by
the parent Ps (58.92 g). Concerninj; heterosis, 2 out of the 10 evaluated
~ hybrids exhibited significant positive heterosis over its higher parent for
AFW. These crosses are P| x Py (1...72%), and P; x P4 (8.57%). The two
crosses had P as a common parent.

Early yield per plant (EY) ranged from 0.12 to 1.92 kg/plant. The
hybrid P; x P4 produced the higbest significant EY (1.92 kg).followed by
the crosses Py x Y5, and P» x Py (1.43 kg) with significant differences
between them. With regard to heterc sis, 6 out of the 10 evaluated hybrids
exhibited significant positive heterosis over its higher parent for EY ranging
from 37.38% for the hybrid Py x Ps to» 337.83% for the hybrid P, x Ps. Four
out of these 6 crosses had Py as a ;ommon parent. Also, all the hybrids
involved the genotype P4 had positive heterosis over its higher parent.

Total vield per plant (TY) rar ged from 0.34 to 3.70 kg. The hybrid
Py x P4 produced the highest TY (3.'0 kg) followed by the hybrid Py x Py
(3.28 kg) with a significant differenc:: between them. Concerning heterosis,
7 out of the 10 evaluated hybrids sho wed significant positive heterosis over
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its higher parent ranging from 18.24% to 138.39% for the crosses P;y x Ps
and P; x Ps, respectively. All the hyhids that involved P; as a common
parent had positive heterosis over its hig 1er parent.

In general, some hybrids were aller and of higher NB, AFL, and
AFW. Most crosses were carlier and hac. higher TY than their higher parent.
However, all crosses were lower in NFF, and AFD. This could be attributed
to the highly significant superiority of parents over crosses. These results
are in agreement with those of Hanchiiamani (2006) who found different
heterosis values for cucumber fraits in some crosses. Also, Abd Rabou
(2008) reported positive heterosis over lLigher parent for the traits MSL, and
TY and negative heterosis for the traits NFF, AFL, AFD, and AFW. Dogra
et al (1997), Munshi et ol (2006), and Hanchinamani and Patil (2009)
showed positive heterosis over better parent for most of the horticultural
traits. Cardoso (2006) reported positive heterosis in most of studied crosses
for TY. On the contrary, Awad (199t) reported negative heterosis over
higher parent for all studied traits. Also, heterosis for TY and yield
components was observed in only one out of the four evaluated hybrids by
Cramer and Wehner (1999). :

Combining ability

The combining ability analysis Table 2) showed highly significant
mean squares due to both general and specific combining abilities for all -
studied traits, indicating that both additive and non- additive gene action
existed except for NF¥F trait, which was controlied by additive gene action
only. With regard to GCA/ SCA ratio, i was found that the characters MSL,
NB, NFF, AFL, AFD, and AFW exh bited high GCA/ SCA ratio which
exceeded the unity, indicating that adcitive type of gene action was more
important than non- additive effects in :ontrolling these traits. For the traits
EY and TY, low GCA/ SCA ratio of leis than unity was detected, revealing
the predominance of non- additive gere effects in the inheritance of these
traits. These results agree with those of Awad (1996), Hanchinamani (2006),
Munshi et al (2006), Nazim Uddin ¢t al (2009), Moushumi and Sirohi
(2010), Chirani et al (2011), and Dogr:. and Kanwar {2011) who found that
mean squarcs due to GCA and SC#. were highly significant for most
cucumber traits. However, they revealid that va:riance of SCA was greater
than GCA in al! studied traits,
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Table 2. Mean squares for gener: | (GCA} and specific (SCA) comhining‘
ability from ANOVA for 10 Fy's and their parents for studied
traits in cucumber.

Character GCA SCA GCA/SCA
Main stem length 202.24%* 83.17*+ 243:1

No. of brunches/plant 2.34% LOg** 2.16:1

No. of female 1.21% 0.54 2.26:1
flowers/plant

Average fruit length 75.20"* 7.03** 10.70:1
Average fruit diameter 0.49+ 0.16%* 3.04:1
Average fruit weight 889.7: ** 123.48++ 7.21:1
Early yield/plant 0.18* 0.31** 0.58:1
Total yield/plant 0.51% 0.85+* 0.60:1

Estimates of GCA effects for individual parents are presented in
Table (3). The GCA cffects differec significantly in most traits. The parental
genotypes P and P4 had positive GCA effects for MSL, proving that they
are good combiners for this trait. Fyr NB and NFF traits, only the genotype
P2 exhibited positive GCA cffects. Average fruit length showed. positive
GCA effects for the parents P, ard Py Significant positive GCA effects
were observed in. AFD for paremis Py, Ps, and Ps, indicating that these
parents appeared to be good gencra combiners for deveioping this trait. The
parental genotypes Py, P», and P; hi d considerable significant positive GCA
effects for AFW and proved to be good combiners in this respect, while,
parents Py, and Ps appeared to be poor general combiners for AFW. In
respect to EY and TY, the same parents (P;, and P;) exhibited desirable
positive GCA effects, meanwhilc, the parent P, exhibited significant
positive GCA effects for EY trait only. However, the other two parents (P;
and P:) exhibited significant negatise GCA effects for these two traits.

- Respecting SCA, the data olttained in Table (4) indicated that the F,
hybrids Py x Pa, Py x Ps, P2 x Py, and Pz x P, achieved significant positive
SCA effects for MSL trait. Two crosses (P, x Py, and Py x P5) showed
” sigiificant SCA effects for NB triit.. Only one cross (P4 * Ps) showed
highly significant SCA effect for NI F trait. Five crosses (P, x Py, Py x Py, P,
x'Py, P2 x Ps and P3 x P,) showed significant SCA effects for long fruit; and
four hybrids (Py x P3, Py x Ps, Py < P53, and _P4 x Ps) exhibited significant
SCA effects for fruit shortness. Onl' the cross P; x Ps had highly significant
-positive SCA effects for AFD. However, the crosses P; x Py, Py x P5, P, x
P3, P; x Py, P x Ps, and Py x P5 ga'e the lowest SCA effects for narrowest
fruit. Five hybrids, viz., Py x Py, I} X Py, P3 % Py, P2 x P, and Pa x Ps
showed significant positive SCA eff :cts. Highly significant positive SCA

188




Table 3. Estimates of gencral combining ability effect () Jf studied
cucumber pareats.

Main No. of Ng, of Average Average Average Early Total
Parents S brunches/plant feniale ‘it fruit fruit yield / yield /
length flowers/plant fength  diameter weight  plant plant
{cm) tem)  {cm) {8 (kg/plant) (kg/plant)
P, -1.00  -0.45% -0.33 -0.74% 017 4.17% 0.16** 0.06
P, 7.17%* 0.98%* (.52%+ <37 0210 4.13% D09 0.16**
Py -3.00** -0.11 -0.07 4.40%* 0.15%* 1432** (.15%* 013%*
Py 3.37*+ 040 0.33 D73 035%F 875 % 010 0.30**
Ps -6.54*¢ -0.02 -0.45* -0.96%% 0.25**  -13.87*¢ -0.19** _0.39**
SE (&) 092 020 0.17 (.18 0.03 0.68 0.03 0.05
S.E (8.8) 145 031 0.28 (.28 0.05 1.07 - 0.05 0.07

Table 4. Estimates of specific combining ability effect (s;) of Fis among
five cucumber parents.

[ Main No. of No.of  Average Average Average FEarly Total yield
Crosses | SiEM brunches/plant female  fruil frui: fiuit vield / / plant
T length fiowers/ length diameler weight plant
' plant :

)% Py 5.75*% 1.11* 0.54 3.89% (.14 6.374% 0324 _(40**
2% Py 1.70 0.54 0.68 -1.59** -0.01 277 -0.74% Q.77
Py Py -0.66 -0.67 -1 1.61** -B.44%* 1524%+ (.78** 0.93**
Pyx Py .57 072 ,-0.32 167 -0.65%*  -12.45%+ .59+ 0.36**
IPyx Ps 6.97** (.88 012 2.21%% .029% 196 0.85%+ 0.49**
Pox Py 12.83%* -0.71 0.16 242% -0.20%  3.87¢ 0.37%+ 0.20
Pox P -11.16** 0.02 0.39 3.08+*+ -0.18* 7.68** 0.17 0.86%*
Pyx Py 0.89 ~1.50%* -0.25 i.10*  0.03 -3.63%+  (0.29*¥ 0.70**
3% Ps -11.64%* -0.10 -0.24 072 033* 2042*¢ 031 1.26%*
Pyx Ps -3.90 1.97%* 1.46%*  .2.35%* -0.26* -0.41 0.25%+ 0.10
S.E.(8;) 3.50 0.76 0.67 1.69 0.12 2.59 0.12 017
S.E.(5-8y) 5.02 1.09 .96 )98 0.17 372 0.37 .25

effects were observed in six crosses (P; x P4, Py x Ps, Py x P3, P x Py, P3 x
P4, and Py x Ps) for EY trait, For TY, the SCA effects for Py x Py, Py x Ps, P2
x Py Py x Ps, P3 x Py, and P3 x Ps were highly significant and positive,
however the SCA effects for P; x P, and P; x P; were highly significant
and negative.

CONCLUSION
Results showed that the parental lines P; and P, were good general
combiners and the crosses Py % Py, T2 x P, Py x Ps, P; x Py and P5 x Ps
were the best and promising hybrids. However, the results also point at the
potential of certain crosses as source for selecting high yielding lines in their
segregating generations because addr ive gene effects were responsible for
their performance.
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