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ABSTRACT

Five inbred lines of cucumber were crossed in all possible combinations,
without reciprocals, to produce ten gynoecious hybrids suitable for the greenhouses
culture. All genotypes were evaluated in the greenhouses in two consecutive seasons
of 2004/05 and 2005/06. Data were collected on relative increasing in plant height,
length of stem internodes, number of lateral branches, number of leaves on stem,
days to anthesis, early yield, total yield, average fruit weight, fruit length and fruit
diameter. The amounts of herterosis for those traits were calculated.

Heterosis was found to be significant for all characters measured. Generally,
heterosis over mid-parents was clearly manifested in most crosses for the examined
traits, while heterosis over high parent was less expressed with relatively low
amounts. Conversly, negative heterosis was detected in the F1 populations for days to
anthesis, meaning that they were earlier in the first female flower anthesis than their
parents. It was observed the superiority of certain F1 hybrids in relation to their
parents. Meanwhile, other crosses did not exhibit significant heterosis over their
parents according to their combinations.

In conclusion, the choice of parents to produce hybrids and selection of the
best parents from different genetic resources is required to produce superior hybrids.

INTRODUCTION

Cucumber (Cucumis sativus L) is an important and popular vegetable
crop in Egypt. It is grown throughout the entire year in open field and in
greenhouses. Nearly all greenhouses cucumber are F1 hybrids. That is due to
the superiority of F1 hybrids and high yielding ability.

The improvment and development of F1 hybrids is acheived through
successful hybridization plan, depending on the manifestation of heterosis in
F1 progeny. Heterosis is manifested as an increase in vigour, size, growth
rate, yield, fruit dimensions, diseases and insect resistance and a number of
other characteristics. But in some cases, the hybrid may be inferior to the
weaker parent. This is also regarded as heterosis. Hybrid vigour has been
used as a synonym of heterosis. It is generally agreed that hybrid vigour
describe only superiority of the hybrids over the parents, while heterosis
describe all performance rates of F1 hybrids in relation to their parents
(' Singh, 1986).

Heterosis has been utilized in cucumber breeding and it was observed
in many characters in F1 populations. Many investigations demonstrated the
manifestation of heterosis over mid-parents for plant height, length of
internodes, number of lateral branches and number of leaves. In addition,
heterosis over high parent was observed in some cases, while negative
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heterosis over high parent was found (Delaney and Lower, 1987; Gendy,
1991; Awny et al., 1992; Singh et al., 1999 and Asem, 2004).

Early flowering time was observed in Fi1 hybrids. Heterosis was
significantly negative for number of nodes of the female flower ( El-Shawaf
and Baker, 1981; El-Gazar and Zaghloul, 1984; and Darwish, 1992).

Pronounced amounts of heterosis for early number and weight of fruits
were detected in Fi1 progeny, indicating the superiority of Fi1 hybrids in
producing early yield than parents ( El-Gazar and Zaghloul, 1984; Kupper
and Staub, 1988; and Metwally et al., 1992). On the contrary, the heterosis
for early yield was not observed in other studies (Ghaderi and Lower, 1979
and Cramer and Wehner, 1999).

Concerning total yield components, i. e., fruits number and weight,
previous studies confirmed the fact that most hybrids showed positive
heterosis for total yield (Nienhuis and Lower, 1980; Delaney and Lower,
1987; Darwish, 1992; Abd El-Hafez et al., 1997; Singh et al., 1999 and Asem,
2004). While, Cramer and Wehner (1999) found that high parent heterosis for
yield components was rare for the cucumber hybrids.

In the same manner, the F1 hybrids exhibited heterotic effects for fruit
traits, e. g., average fruit weight, fruit length and fruit diameter (Lower et al.,
1982; El-Gazar and Zaghloul, 1984; Gharib, 1991; Singh et al., 1999 and
Asem, 2004).

The objective of this study was to examine the amount of heterosis in
gynoecious Fi1 hybrids ,originated from different inbred lines, under
greenhouses conditions.

MATERIALS AND METHODS

Five parental inbred lines were isolated from three gynoecious
cucumber hybrids by inbreeding. These hybrids were subjected to controlled
self pollination to gain new recombinant inbreds from the segregating
generations. Some plants were sprayed with silver nitrate solution at 300 ppm
to induce staminate flowers. Individual plants with desirable characterisics
were selected, whereas plants with defects were discarded due to decline or
unfavourable characteristics. Five gynoecious segregating inbreds were
collected from Fs generation, hereafter will be refered to as Pi, P2, Ps, P4 and
Ps. The parental inbred lines were crossed in all possible combinations,
excluding reciprocals to produce ten single crosses. Therefore, the genetic
populations used in the present work included five inbreds and ten single
crosses. All the genotypes developed in the present study is characterized by
gynoecy plant habit.

All fivteen entries were evaluated under greenhouses at Badaway,
Dakahlia Governate in two consecutive seasons of 2004/05 (Y1) and 2005/06
(Y2).

The experimental design used was randomized complet blocks with
three replicates. Each block contained 15 plots. Seeds were sown on 8t of
October in 2004 and 2005 for the first and second seasons, respectively. The
plants were spaced 50 cm apart in rows and 120 cm between rows. All
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agricultural practices were applied in accordance with the regular procedures
for cucumber cultivation under greenhouses. Data were collected for the
different characters as follow:

1. Vegetative traits: Relative increasing in plant height (cm) at 50, 70, and 90
days old, length of stem internodes (cm), number of lateral branches, and
number of leaves on stem.

2. Earliness traits: Number of days to the first flower anthesis and early yield
which was measured as number and weight of fruits.

3. Total yield traits: It was measured as the total number and weight of all
harvested fruits throughout the entire season for plot and plant.

4. Fruit traits: Average fruit weight (gm), fruit legnth (cm), and fruit diameter
(cm).

The heterosis was assesd on the basis of increase or decrease of a
character in the F1 hybrids over the means of the mid-parents or the high
parent. It was calculated using formulas outlined by Mather and Jinks (1982)
as follow:

The mid-parents heterosis (M. P.)= (F1-M.P.)/M.P x 100
The high parent heterosis (H.P.)= ( F1-H.P.)/H.P x 100
Where; F1: The first hybrid generation

M.P: The mid parents

H.P.: The high parents

RESULTS AND DISCUSSION

Vegetative traits

Heterosis values from mid-parents (M.P.) and high parent (H.P.) were
calculated for relative increasing in plant height at 50, 70, 90 days old, length
of stem internodes, number of lateral branches, and number of leaves on
stem. Results of the estimated amounts of heterosis, M.P and H.P., for
vegetative traits are shown in Table 1 and 2 for the 1st and 2" seasons,
respectively

The results show that most Fi1 hybrids exhibited positive heterosis
values over mid-parents at 50 days stage. However, few crosses exhibited
positive heterosis over high parent at both seasons. After 70 days from
sowing, only few hybrids showed positive heterosis values from mid-parents
in both seasons. Conversely, all hybrids showed negative values for heterosis
over high parent, except for the crosses 1x2 and 1x5 in the second season.
At 90 days old, the cross 1x5 showed the largest amount of hetreosis over
mid-parents, while most hybrids showed negative values. Additionally, most
of F1 hybrids showed negative values for heterosis over high parent in both
seasons.
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With respect to length of stem internodes, the cross 1x5 had the
highest value of mid-parental heterosis in both seasons, while some crosses
exhibited negative values. In the same manner, positive amounts of heterosis
over high parent were detected from F1 hybrids ,viz. 1x2, 1x4, 1x5 and 3x5 in
both seasons, meaning that they had larger length of stem internodes than
their parents. Little heterosis over mid-parents was found for number of
lateral branches. The highest value has appeared in the cross 3x4 in both
seasons.

As for number of leaves per plant, it is obvious that heterosis was
clearly expressed in most F1 hybrids in both seasons. The largest amounts of

heterosis were recorded by the crosses 1x3, 1x5 and 3x5. Similarly, the
forementioned crosses show the highest heterosis from high parent.

Many investigations declared the manifestation of heterosis for several
vegetative traits in cucumber ( Miller et al., 1973; Delaney and Lower, 1987,
Gendy, 1991; Awny et al., 1992; Yacoup et al., 1994 and Singh et al., 1999).

The results indicated that some Fi1 hybrids exceeded their parents,
while others were lower. Some hybrids exceeded the higher parent for some
traits. Generally, F1 hybrids showed different amount of heterosis, which
could be attributed to their genetic constitutes.

Earliness traits

The results of heterosis for earliness traits at both seasons are
arranged in Table 3. The results of heterosis for days to anthesis revealed
that low positive heterosis values were presented in some Fi1 hybrids. Six
crosses showed negative mid-parental heterosis, meaning that they are
earlier than their parents. Negative heterosis for flowering time is favourable
heterotic result since it is desirable to have anthesis of female flower at less
number of days. On the other hand, eight out of ten F1 populations showed
negative estimates for high parent heterosis in both seasons.

Table 3. Percentage of heterosis over mid-parents (M.P) and high parent
(H.P) for earliness traits at both seasons.

. Early yield

D nthesi
rosces ays to anthesis No. Wi

M.P H.P M.P H.P M.P H.P

Y1 Y2 Y1l Y2 Y1l Y2 Y1 Y2 Y1 Y2 Y1 Y2

1x2 -1.84-2.46-5.03-6.17-8.81|-4.99-22.72|-22.15[13.37|14.93|10.31|]11.73
1x3 -4.253.57-10.37-2.24|25.69(31.41|25.10/26.20/[33.00/40.13]23.0024.82
1x4 -6.89-8.16]-8.061-9.27|-0.704.20[-7.95/-5.97]-0.02[10.47]-1.90[8.6 6

1x5 7.28/13.84/0.326.6136.39[33.15[9.423.1936.3041.15]23.5023.23

2x3 4.92]1.631.38-0.35-7.67-9.90-22.06|-23.698.402 .34-2.27-6.49

2x4 -12.00-9.94|-16.46|-14.40/-20.61|-22.06|-28.00}-30.09]-8.55|-9.06|-9.33]-10.14
2x5 -9.16-5.39-12.31|-7.99|9.285.09[2.18-2.2027.88/26.56(13.07[13.28
3x4 5.9110.13-2.05[2 . 7 422.25/19.96(12.83]12.42/17.15/18.34(6 . 46/6.9 8
3x5 -3.09-1.41-3.15|-2.23|37.16|30.43|9.66[4.190.20925.83[26.36[22.98

4x5 2.22-0.25-5.53|-7.20-1.89|0.5 9[-16.21]-15.32]15.10]15.69]2 . 5 3]2 . 4 6

Y1= 1%t season ; Y2=2"9 season
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The same trend was observed in F1 hybrids as reported by Miller and
Quisenberry, 1976; El-Shawaf and baker, 1981; El-Gazar and Zaghloul,
1984; Darwish, 1992 and Asem 2004.

Pronounced mid-parental heterosis was obtained for early yield,
determined as number and wiehgt of fruits. The pronounced values were
recorded by three crosses, i.e., 1x3,1x5 and 3x5 at both evaluating seasons.
Those hybrids exhibited mid-parental heterosis for fruit weight as well as the
crosses 2x5 and 3x4. Furthermore , the foregoing crosses exhibited the
largest positive heterosis percentages calcualted from the high parent which
mean that they produced larger early yield as fruits weight than their earlier
parents.

These results are consistent with those of El-Gazar and Zaghloul,
1984; Gendy, 1991; Metwally et al., 1992 and Cramer and Wehner, 1999.

Total yield

The results of heterosis over mid-parents and high parent for total yield,
based on number and weight of fruits, are illustrated in Table 4 for the two
seasons. The results show that the estimated values of mid-parental
heterosis were positive in eight crosses for total number of fruits. The cross
3x5 gave the highest heterotic value for total fruit number which was 33.81%
and 30.10% in the first and second seasons, respectively. In addition, the
best crosses were 3x5 followed by 1x5 then 1x3. Furthermore, the largest
mid-parental heterosis for fruits weight was exhibited by the cross1x3 in both
seasons which was estimated as 30.25 and 32.23% in the first and second
seasons, respectively. In the same manner, the cross 1x3 exhibited the
largest amount of heterosis over high parent for total number of fruits per
plant with values 25.01 and 20.96 in the first and second seasons,
respectively. Heterosis over high parent for total weight of fruits was also
expressed in all crosses, except 2x3 and 2x4, since they exhibited significant
positive heterotic values, which reveal that they were superior than their
parents.

It is clearly evident that eight hybrids manifested positive heterosis in
both seasons for total weight of fruits, proving that they produce higher yield
than their parents. However, the F1 hybrids exhibited different estimates of
heterosis. It could be concluded that the degree of heterosis depend on the
genotypes of the two parents.

Many authors confirmed the fact that most hybrids showed positive
heterosis for total yield and its components (Ghaderi and Lower, 1979;
Delaney and Lower, 1987; El-Mighawry et al., 1992; Abd El-Hafez et al.,
1997; Singh et al., 1999 and Asem, 2004).

Fruit traits:

Percent values of heterosis measured over mid-parents and high
parent for traits, viz. average fruit weight, fruit length and fruit diameter are
arranged in Table 5 for both growing seasons.
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Table 5. Percentage of heterosis over mid-parents (M.P.) and high
parent (H.P.) for fruit traits at both seasons.

IAverage fruit weight] Fruit length Fruit diamter
Crosses M.P H.P M.P H.P M.P H.P

Y1{Y2 YL |[Y2|YL|Y2|YLl|Y2|Y |[Y2|Yl]|Y2
1x2 18.25(18.77|-3.32|-0.86|13.78(18.76/8.05|14.91(19.73|14.53/|8.16(10.42
1x3 4.12|7.27|-4.49]-0.84(10.40|10.65|2.58(3.84|-1.17|-3.89[-3.99|-11.08
1x4 1.46(1.42-8.37|-7.10|6.12(4.03|3.21|2.83(0.31|9.97|-2.42/5.37
1x5 -2.75|0.08}-15.47|-11.62|10.24|12.47(9.16|11.13|6.19(3.31|-1.51|1.6 3
2x3 12.12(15.17|-14.22|-9.70|11.41{13.85|-1.29|3.55(6.47|3.4 1|-6.27(-7.48
2x4 15.61(12.64(3.36|1.65|-1.99(-8.12|-4.30}-10.08(11.38|1.61|3.53-5.97
2X5 17.50(13.139.29|6.00|13.37(14.74|8.68|9.75(3.64|4.12|1.06(2.02
3x4 -6.66|-1.92[-21.93|-16.33|-6.82|-7.60|-15.62|-14.25|-6.33|-0.29|-11.40|-3.88
3xX5 -13.61-9.96[-30.18|-25.70|4 .6 4|8.85[-3.65|3.31/10.73}-0.91/0.00}-9.70
4x5 16.27(16.32(11.38|11.73|7.07}-4.11|5.14{-6.32|0.00|-12.66|4 .8 1|-17.61

Y1= 1%t season ; Y2=2"9 season

The results of heterosis estimated from mid-parents show the presence
of hetrosis values for average fruit weight, fruit length and fruit diameter. The
cross 1x2 manifested the largest percentage of heterosis for average fruit
weight, which was approximately 18% in both seasons. Generally, most of F1
hybrids showed positive mid-parental heterosis for this trait. Conversely, most
F1 hybrids showed negative heterosis values when measured from high
parent. However, this finding does not imply the absence of superior Fi1
hybrids. The manifestion of heterosis in F1 hybrids was declared by Ghaderi
and Lower, 1979; Solanki et al., 1982; El-Gazar and Zaghloul, 1984 and
Gendy, 1991.

As for fruit length, the results of heterosis over mid-parents show the
presence of positive heterosis values for most crosses. The cross 1x2
manifested the largest amount of heterosis which equalled to 13.78% and
18.76 in the first and second seasons, respectively. In the same manner,
positive heterosis values were identified in most F1 populations. The largest
pronounced values were observed on 1x2, 1x5 and 2x5.

The similar findings were observed for fruit length (Lower et al., 1982;
El-Gazar and Zaghloul, 1984; Gendy, 1991; and Singh et al, 1999).

It is evident that heterosis over mid-parents was expressed for most F1
crosses, despite the low values. Otherwise, most F1 populations exhibited
negative or low positive values for heterosis versus high parent, indicating
that the higher parent had greater diameter than F1 progeny.

The same trend was reported by Lower et al., 1982, El-Gazar and
Zaghloul, 1984; El-Mighawry et al., and Singh et al., 1999 ). However, others
reported the absence of heterosis for such character ( Ghaderi and Lower,
1979 and Asem, 2004).

The results of this investigation revealed the presence of heterosis ,for
nearly all studied traits, in the F1 hybrids of gynoecious cucumber. The Fi1
hybrids showed heterosis in different degrees, depending on their genetical
combinations. It is suggested the importance of the choice of parents for
hybridization and selection of the best parents from hybrid progenies.
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Table 1. Percentage of heterosis over mid-parents (M.P) and high parent (H.P) for vegetative traits at the first

season
Crosses SE{elatlve |ncrea7s(|)ng in plant helggrgt Leir:]?é?n%fdsgsem Number of laterals Number of leaves
M.P H.P M.P H.P M.P H.P M.P H.P M.P H.P M.P H.P

1X2 3.85 | -0.17 | -0.31 | -5.46 5.11 3.67 8.21 5.97 -23.96 -29.44 2.36 0.66
1X3 445 | 444 | 045 | -0.57 -0.04 -5.44 -12.20 -19.48 -22.69 -30.72 16.14 13.73
1X4 -0.47 | -2.44 | -1.28 | -2.02 2.47 -.0.85 3.44 2.46 -22.11 -27.45 12.96 0.51
1X5 331 | 203 | 7.72 | -0.36 8.80 5.24 11.76 2.60 -8.79 -12.32 15.83 13.68
2X3 091 | -299 | -043 | -464 | -493 | -11.22 -6.73 -12.79 -21.83 -35.73 13.64 13.14
2X4 -0.24 | -2.35 |-11.97 | -17.13| -7.02 -8.81 -10.09 -11.02 -3.23 -6.01 -5.72 -14.866
2X5 2.02 | -0.88 |-11.73|-14.00| 3.89 -0.84 -9.29 -15.10 -16.51 -21.45 1.89 -1.62
3X4 -0.56 | -2.36 | -9.42 |-11.03 | -13.66 | -20.82 -8.74 -15.48 8.27 -8.87 8.56 -1.57
3X5 3.67 | 255 | 465 | -2.24 0.52 -1.77 7.69 7.69 5.88 -8.35 14.89 10.46
4X5 -1.64 | -2.38 | 6.78 | -1.19 2.12 -4.31 2.81 -4.80 -10.04 -12.87 4.67 -8.38

Table 2. Percentage of heterosis over mid-parents (M.P) and high parent (H.P) for vegetative traits at the second

season.

Crosses S(F)Qelatlve mcreas?l(r)lg in plant helggg Leirrllgt]éi;n%fdsetsem Number of laterals Number of leaves

M.P H.P M.P H.P M.P H.P M.P H.P M.P H.P M.P H.P
1X2 12.31 | 10.72 | 11.75 3.74 0.82 -0.98 8.13 6.09 -30.89 -42.86 5.48 1.59
1X3 10.00 | 3.86 | -1.60 -7.35 8.70 2.91 14.80 -18.64 15.66 8.23 14.85 10.47
1X4 11.71 | 9.26 | -4.91 -7.56 |-12.28| -15.38 11.99 10.70 -8.49 -18.99 1.82 -6.53
1X5 13.93 | 11.12 | 21.68 7.78 14.25 | 5.03 31.97 23.96 -18.56 -26.47 19.16 11.35
2X3 -1.08 | -7.86 | -6.42 -7.74 -8.04 | -11.40 -8.29 -10.79 2.57 -19.50 -6.53 -13.27
2X4 0.61 | -296 |-7.34| -11.56 |-17.61| -21.89 -14.61 -17.17 3.72 -4.03 -7.12 2.49
2X5 9.86 | 5.67 |-15.72| -19.98 | -7.52 | -13.53 3.81 -0.71 -28.08 -34.79 0.18 -9.60
3X4 -4.77 | -8.15 | -12.54 | -15.34 |-21.83| -28.47 -6.98 -12.15 56.40 30.56 -8.47 -18.89
3X5 10.97 | 7.32 2.51 -3.97 1.07 -2.03 13.89 11.93 -1.34 -16.13 6.95 3.77
4X5 0.11 | -0.17 | -12.65| -20.63 |-11.14| -20.95 4.35 -3.03 13.85 11.37 5.63 -8.83
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Table 4. Percentage of heterosis over mid-parents (M.P) and high parent (H.P) for total yield traits at both seasons.

Total yield/plot Total yield/plant
Crosses No. Wi. No. Wit.
M.P H.P M.P H.P M.P H.P M.P H.P
Y1l Y2 Y1 Y2 Y1 Y2 Y1l Y2 Y1l Y2 Y1l Y2 Y1 Y2 Y1l Y2

1x2 0.48 | -2.86 |-15.27|-17.83|22.84|19.96| 18.28 | 18.29 | 0.46 | -2.68 |-15.31|-17.83(22.81|19.94| 18.25| 18.72
1x3 25.09 | 23.61 | 25.01 | 20.96 |30.25[32.23| 19.40 | 19.85 | 25.09 | 23.59 | 25.01 | 20.96 |30.25|32.23| 19.39 | 19.84
1x4 9.74 | 781 | 6.23 | 1.02 |11.82]10.77| 4.03 | 7.36 | 9.74 | 7.79 | 6.23 | 1.00 |11.80[10.75| 4.01 7.35
1x5 28.78 | 25.77 | 3.15 | -0.10 |29.99/30.35| 18.05 | 15.26 | 27.63 | 25.77 | 1.78 | -0.10 |29.96|30.33| 18.04 | 15.25
2x3 -18.28|-19.80|-31.00|-31.05|-2.52 | -3.33 | -13.66|-13.48 |-18.05|-19.81 | -30.87 | -31.06 | -2.54 | -3.04 |-13.66| -31.21
2x4 -20.21[-15.81|-30.84|-24.38|-0.94|-2.83 | -4.43 | -4.52 |-15.96|-15.41|-27.17|-24.38|-0.96 | -2.85 | -4.43 -0.21
2x5 12.25]1450| 544 | 6.17 |31.15]|28.87| 15.13 | 12.57 | 11.42 1450 | 4.03 | 6.18 |31.15[22.26| 15.12 6.80
3x4 25.95 | 15.00 | 21.99 | 9.97 |18.37[14.35| 1.63 | 0.77 | 25.95|14.95|21.99 | 9.96 |18.38|14.36| 1.64 0.78
3x5 34.94130.11 | 8.21 | 5.05 |23.86|23.42| 22.59 | 20.06 | 33.81 | 30.10 | 6.77 | 5.06 [23.84(23.41| 22.57 | 20.05
4x5 7.95 | 1.66 |-11.24|-14.95|25.56/19.90| 6.88 | 3.18 | 7.08 | 1.65 |-12.42|-14.95|24.49]19.90| 5.98 3.18

Y1= 1%t season ; Y2= 2" season
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