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(" Abstract: Introduction of hybrids and their success in cucumber has made it imperative for the breeders to find out more appropriate combinations to develop superior hybrids as
these have several well-known advantages over the open pollinated varieties. Crosses among eight parents (including two gynoecious lines) were attempted in half diallel fashion
to find out more appropriate combinations for developing superior hybrids in cucumber. Twenty-gight F+s, eight parents and one check were grown in Randomized Block Design
with three replications. Sufficient genetic diversity among parents and Fis for all the traits infers the scope of improvement through selection in the parental material. G2 was earliest
in maturity. Heterobeltiosis and standard heterosis for earliness were maximum in EC 173934 x LC-40 and Gz x Gyns, respectively. The cross combination K-90 x G2 exhibited
maximum heterobeltiosis and standard heterosis for yield and number of fruits per plant.
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Introduction

Heterosis is of direct relevance for developing hybrids and effective tool in the
hands of breeders for effective improvement in yield, earliness and quality. In
cucumber (Cucumis sativus L.) too, success of F1 hybrids has encouraged the
breeders to develop hybrids which are early, vigorous, high yielding, tolerant to
diseases and insect-pests and more efficient in the use of water and fertilizers.
Moreover, use of gynoecious lines as a parent in producing cucumber hybrids
ensures high yield level in the resultant hybrids. Currently, very few hybrids have
been developed by public sector and the farmers are purchasing hybrid seeds
from the private sector companies, who are charging exorbitantly. So, the present
investigations were conducted to exploit hybrid vigour for developing the best
suitable combination which can replace the conventional varieties as well as
hybrids from private sector and also to make F1 hybrids seed production cost
effective with the use of gynoecious lines.

Materials and Methods

The present research was carried out at Experimental Farm, Chambaghat of the
Department of Vegetable Crops, Dr Y S Parmar University of Horticulture and
Forestry, Solan, HP. Crosses among eight parents were attempted in a half diallel
fashion. All the parents except two gynoecious lines were of monoecious type.
The materials comprising twenty-eight Fis, eight parents and one check (Pusa
Sanyog) were grown in Randomized Block Design with three replications. Spacing
was 1.25x1.00 m. Data were recorded on five randomly selected plants for yield
and quantitative characters. Mean values were subjected to statistical analysis [1]
for analysis of variance. Heterotic effects of F1s were worked out over better
parents and over check and expressed as per cent increase or decrease over
mean values.

Results and Discussion
Analysis of variance [Table-1] indicated sufficient genetic diversity among parents
and Fs for all the traits which infers scope of improvement through selection in the

parental material. Very few crosses showed heterobeltiosis as well standard
heterosis for days to first female flower appearance, node number of first female
flower and days to marketable maturity. Heterobeltiosis was maximum in EC
173934 x LC-40 while heterosis over check variety was maximum in Gz x Gyn1
followed by K-90 x G for these traits [Table-4]. Among the parents, G2 took
minimum value for number of days to first female flower appearance, node
number of first female flower and days to marketable maturity followed by Gyn1
while EC 173934 as well as LC-40 took maximum days to first female flower
appearance, node number of first female flower and days to marketable maturity
[Table-2]. The cross combination G2 x Gyns took minimum days to female flower
appearance, lowest node for first female flower appearance and minimum days to
maturity and recorded maximum heterosis over check followed by K-90 x Ge.
Similar results on Heterosis were reported for days to first female flower
appearance by various workers [2-6]; for node number of first female flower and
days to marketable maturity [3, 7]. In accordance with present findings, earlier
workers [8, 9] observed heterosis for earliness. Genotype or cross combination
producing female flower earlier are desirable because ultimately the fruit is to
develop from female flower. Similarly, appearance of female flowers on lower
nodes is an indicative of earliness. Among the parents, Gyni produced
significantly longer fruits [Table-2]. Maximum heterbeltiosis was exhibited by G2 x
EC 173934 followed by Poinsette x LC-40 and maximum heterosis over check
variety by EC 173934 x LC-40 followed by K-90 x LC-40 [Table 4]. Maximum fruit
width was produced by K-90. Heterobeltiosis was maximum LC-11 x LC-40 while
standard heterosis was maximum in Gz x K-75 followed by K-75 x LC-11 and K-90
x K-75. Results are in accordance with earlier studies [6] for fruit length and width.
TSS was maximum in parent EC 173934. Heterobeltiosis and standard heterosis
were found low, being maximum in K-90 x Poinsette and LC-40 x Gym,
respectively. Flesh to seed cavity ratio was found maximum in Gyns (among
parents) and Poinsette x EC 173934 (among cross combinations) [Table-3]. The
same cross combination recorded maximum heterobeltiosis as well as standard
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Table-1 Analysis of variance for different characters in cucumber

Source of  Df Character
variation Days to first female Node of first Days to Fruit Fruit TSS | Flesh to seed Fruit No. of fruits Yield Internodal
flower appearance female flower marketable . per
maturi plant
Genotype | 35 396.22° 32.36° 436.21° 14.04° 1240" | 0.075 0.003" 3579.39 12.35° 0.91° 8.31"
Error 70 1.29 0.61 1.33 0.27 0.068 | 0.018 0.0001 147.70 0.45 0.03 1.07

Table-2 Mean performance of parents and Fs for various characters in cucumber

Crosses/Parents Days to first female flower appearance

Node no. of first female flower

Days to marketable maturity  Fruit length

K-90 63.00 10.00 70.33 19.17 6.97 3.03
Gz 35.33 1.00 4267 12.27 5.57 2.93
Poinsette 53.33 6.67 61.33 16.40 4.40 2.80
EC173934 76.67 12.67 85.00 14.07 6.17 347
K-75 56.33 10.67 64.33 16.90 6.10 3.03
LC-11 70.67 11.33 79.00 18.90 6.06 3.07
LC-40 73.33 13.33 80.33 14.90 6.43 3.13
Gyni 38.00 1.33 45.00 23.30 4.80 2.87
Pusa Sanyog (check) 45.00 5.67 52.33 16.83 5.20 333
K-90x G2 41.33 4.33 48.00 14.20 5.23 2.93
K-90x Poinsette 54.33 8.67 62.00 17.80 5.40 3.30
K-90x EC173934 60.00 7.33 68.00 17.37 5.53 2.97
K-90x K-75 71.33 10.67 79.33 19.17 6.57 3.10
K-90x LC-11 73.33 9.33 81.00 18.43 6.13 2.97
K-90x LC-40 63.33 9.00 71.33 19.67 5.63 3.10
K-90x Gyn1 43.67 4.33 50.67 18.23 5.50 2.97
G2 xPoinsette 51.67 6.00 59.00 19.10 463 3.03
G2x EC173934 57.33 7.00 65.67 18.80 6.63 313
Gox K-75 46.33 4.33 53.67 18.80 6.80 3.23
G2 x LC-11 50.67 6.67 58.00 15.77 5.40 3.10
G2 x LC-40 73.33 8.67 70.67 17.10 5.80 3.00
G2 x Gyns 40.33 3.00 47.33 19.27 6.07 3.17
Poinsette x EC173934 68.33 7.67 76.67 17.93 5.63 3.27
Poinsettex K-75 57.33 8.00 65.67 15.80 5.50 323
Poinsettex LC-11 58.00 9.33 65.67 17.63 4.90 3.03
Poinsettex LC-40 63.00 8.33 71.00 20.13 6.27 2.93
Poinsettex Gyn1 61.67 6.00 69.67 17.07 4.37 3.10
EC173934x K-75 68.00 13.33 76.00 17.20 6.03 2.87
EC173934x LC-11 74.00 8.33 82.00 18.90 6.17 3.04
EC173934x LC40 66.33 7.33 74.33 18.27 5.77 3.00
EC173934x Gyn1 61.67 6.67 69.67 18.60 5.40 3.03
K-75x LC-11 70.67 9.00 78.67 19.43 6.67 2.87
K-75x LC-40 7267 7.33 80.33 18.67 5.20 3.30
K-75x Gyni 45.00 5.00 52.33 18.00 5.37 2.78
LC-11x LC-40 80.00 14.67 87.67 18.67 5.03 3.07
LC-11x Gynq 48.33 4.33 55.67 19.23 5.63 313
LC-40x Gynq 59.00 12.67 66.67 17.13 5.50 340
SE+ 0.93 0.64 0.94 0.18 0.21 0.11
CDo.s 1.85 1.28 1.87 0.36 0.42 0.22

heterosis [Table-5] in agreement [10] who reported significant heterosis for this
trait. K-90 recorded maximum fruit weight among parents while K-90 x LC-11
produced significantly higher fruit weight [Table-3]. The same cross combination
recorded maximum heterobeltiosis as well as standard heterosis [Table-5]. Similar
trends were also reported [6, 11-13]. Cross combination K-90 x Gz produced the
maximum yield per plant and fruits [Table-3]. The same cross recorded maximum
heterosis over better parent as well over check variety for yield [Table-5].
Poinsette x K-75 recorded highest heterobeltiosis for number of fruits followed by
K-90 x G2 while standard heterosis was maximum in K-90 x G.. However, among
parents, K-90 recorded the highest yield per plant. G2 produced maximum number
of fruits per plant and found to be at par with Gyns. Similar findings for number of
fruits were reported earlier by [6, 9, 12, 14-15]. Positive and significant heterosis
for yield was reported by many workers [10-14, 16-18]. Heterosis was also found
for yield related traits [19]. Gz recorded minimum internodal length. Among F1s, K-
90 x Gz observed minimum internodal length closely followed by LC-40 x Gyn:.
Heterosis over better parent was maximum in Poinsette x LC-40 and over check
variety in K-90 x Ge.

Conclusion
Extent of heterosis over better parents for yield and most of the quantitative traits

was medium to high. Cross combination K-90 x Gz was found best in terms of
yield, number of fruits and maturity while G2 x Gyns and EC 173934 x LC-40 were
specific to early maturity.

Application of research: It may be concluded that for developing high yielding
and early maturing varieties, hybridization is the appropriate method.
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Table-3 Mean performance of parents and Fis for various characters in cucumber

Crosses / Parents i { Fruit weight No. of fruits

K-90 0.20 316.67 8.33 3.07 13.90
G2 0.20 231.67 12.67 2.83 9.00
Poinsette 0.25 261.67 7.00 1.96 15.03
EC173934 0.21 250.00 8.33 1.99 13.93
K-75 0.21 296.67 7.00 2.70 15.20
LC-11 0.23 283.33 6.33 1.68 13.67
LC40 0.21 290.00 6.33 2.08 13.70
Gyny 0.27 238.33 12.33 2.64 12.37
Pusa Sanyog (check) 0.22 266.67 11.67 3.03 11.93
K-90x G2 0.19 260.00 14.67 4.05 10.30
K-90x Poinsette 0.17 256.67 8.67 2.29 13.00
K-90x EC173934 0.18 330.00 7.00 2.18 12.13
K-90x K-75 0.23 273.33 8.33 2.20 15.23
K-90x LC-11 0.18 356.67 7.67 2.33 16.00
K-90x LC-40 0.19 285.00 7.33 2.06 12.67
K-90x Gyn1 0.20 253.33 12.33 342 12.00
G2 xPoinsette 0.17 223.33 9.67 2.38 12.00
G2x EC173934 0.18 228.33 7.67 1.87 13.13
Gax K-75 0.18 280.00 11.00 3.08 11.57
G2 x LC-11 0.18 303.33 8.67 2.75 11.47
G2 x LC-40 0.21 230.00 7.67 1.81 11.63
G2 x Gyny 0.19 221.67 11.33 2.88 11.60
Poinsette x EC173934 0.32 273.33 8.33 2.12 12.33
Poinsettex K-75 0.17 303.03 8.33 2.67 16.00
Poinsettex LC-11 0.21 306.67 8.00 1.72 15.90
Poinsettex LC-40 0.25 230.00 7.67 2.06 11.53
Poinsettex Gyns 0.25 255.33 9.67 2.98 14.07
EC173934x K-75 0.21 271.67 7.33 1.83 14.27
EC173934x LC-11 0.26 316.67 7.00 2.13 13.77
EC173934x LC-40 0.22 241.67 7.67 2.00 14.83
EC173934x Gyn1 0.22 228.33 7.33 1.68 14.53
K-75x LC-11 0.18 270.00 7.67 2.03 13.63
K-75x LC-40 0.18 268.33 7.00 1.97 12.00
K-75x Gyni 0.19 271.67 11.33 3.05 13.57
LC-11x LC-40 0.19 320.00 6.33 1.94 13.33
LC-11x Gyns 0.19 311.67 8.67 3.13 11.67
LC-40x Gyns 0.19 235.00 7.66 2.02 10.93
SE+ 0.008 9.92 0.55 0.14 0.85
CDo.os 0.017 19.79 1.09 0.28 1.69

Table-4 Heterotic response of Fis for various characters in cucumber

Crosses Percentage increase or decrease for
Fruit length Fruit width
K-90x G2 16.98 -8.15 333.33 -23.53 12.50 -8.28 -25.91 -15.64 -24.88 0.64 -3.29 -12.00
K-90x Poinsette 1.88 20.74 30.00 52.94 1.09 18.47 -713 5.74 -22.49 3.85 8.79 -1.00
K-90x EC173934 -4.76 33.33 -26.27 29.41 -3.32 29.94 -9.39 3.17 -20.57 6.41 1442 | -11.00
K-90x K-75 26.63 58.52 6.67 88.24 23.32 51.59 0.00 13.86 -5.74 26.28 219 -7.00
K-90x LC-11 16.40 62.96 -6.67 64.71 15.17 54.78 -3.83 9.51 -11.96 17.95 -3.26 -11.00
K-90x LC-40 0.53 40.74 -10.00 58.82 1.42 36.31 2.61 16.83 -19.14 8.33 213 -8.00
K-90x Gyni 14.91 -2.96 225.00 -23.53 12.59 -3.19 -27.93 8.32 -21.05 5.76 -2.19 -11.00
G2 xPoinsette 46.23 14.82 500.00 5.88 38.28 12.74 16.46 1347 -16.77 -10.90 341 -9.00
G2x EC173934 62.26 27.41 600.00 23.53 53.91 25.48 33.65 11.68 2.70 21.80 -9.62 -6.00
Gox K-75 31.13 2.96 333.33 -23.53 25.75 2.55 11.24 11.68 1147 30.77 6.59 -3.00
G2x LC-11 43.40 12.59 566.67 17.65 35.94 10.83 -16.58 -6.34 10.99 3.85 0.00 -8.00
G2 x LC-40 107.55 62.96 766.67 52.94 65.63 35.03 14.717 1.58 -9.85 11.54 -4.26 -10.00
G2 x Gyny 14.15 -10.37 200.00 -47.06 10.94 -9.55 -23.85 14.46 8.98 16.67 7.96 -5.00
Poinsette x EC173934 | 28.13 51.85 15.00 35.29 25.00 46.50 9.35 6.54 -8.65 8.33 5.77 -2.00
Poinsettex K-75 7.50 27.41 20.00 4118 7.07 25.48 -6.51 -6.14 -9.84 5.77 6.59 -3.00
Poinsettex LC-11 8.75 28.89 40.00 64.71 7.07 25.48 -6.70 4.75 -19.23 5.77 -1.09 -9.00
Poinsettex LC-40 18.13 40.00 25.00 47.06 15.76 35.67 22.76 19.60 -2.59 20.51 -6.38 -12.00
Poinsettex Gyn+ 62.28 37.04 350.00 5.88 54.81 33.12 -32.54 1.39 -9.03 -16.03 8.14 -7.00
EC173934x K-75 20.71 51.11 25.00 135.29 18.14 4522 1.78 2.18 -2.16 16.03 1713 -14.00
EC173934x LC-11 472 64.44 -26.47 47.06 3.80 56.69 0.00 12.28 0.00 18.59 -1250 | -9.00
EC173934x LC-40 -9.55 47.41 -42.00 29.41 <147 42.04 22.59 8.52 -10.36 10.90 -13.46 | -10.00
EC173934x Gyn4 62.28 37.04 400.00 17.65 54.82 33.12 -26.48 10.50 -12.43 3.85 -1250 | -9.00
K-75x LC-11 23.44 57.04 -15.63 58.82 22.28 50.32 2.82 15.45 9.29 28.21 -6.52 -14.00
K-75x LC-40 28.99 61.48 -31.25 29.41 24.87 53.50 10.45 10.89 19.17 0.00 5.32 -1.00
K-75x Gyni 18.42 0.00 275.00 -11.77 16.30 0.00 -28.85 6.93 12.02 3.21 -8.24 -16.50
LC-11x LC-40 13.20 77.78 29.41 158.82 10.97 67.52 -0.18 12.08 21.76 -3.21 213 -8.00
LC-11x Gyn4 27.19 741 225.00 -23.53 23.70 6.37 -23.98 14.26 -1.14 8.33 217 -6.00
LC-40x Gyn+ 55.26 3111 850.00 123.53 48.15 27.39 -32.62 1.78 -14.51 5.77 8.51 2.00
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Table-5 Heterotic response of Fis for various characters in cucumber
Percentage increase or decrease for

Flesh to seed cavity ratio Fruit weight No. of fruits per plant Yield per plant Internodal length
Over Check Over Check Over Check Over Check Over Check

Crosses

K-90x Gz -6.67 -13.05 -17.90 -2.50 15.78 25.71 32.07 33.52 14.44 -13.69
K-90x Poinsette -29.73 -20.00 -18.95 -3.75 4.00 -25.711 -25.22 -24.40 6.47 8.94
K-90x EC173934 -14.29 -16.92 421 23.75 -16.00 -40.00 -28.80 -28.02 12.71 1.68
K-90x K-75 6.25 4.62 -13.68 2.50 0.00 -28.57 -28.26 -27.47 gi5g 27.65
K-90x LC-11 -22.86 -16.92 12.63 33.75 -8.00 -34.29 -24.02 -23.19 17.07 34.08
K-90x LC-40 -1.94 -10.77 -10.00 6.88 12.00 -37.14 -32.94 -32.20 -1.54 6.15
K-90x Gyn1 -28.05 -9.23 -20.00 -5.00 0.00 5.71 11.41 12.64 -2.97 0.56
G2 xPoinsette -29.73 -20.00 -14.65 -16.25 -23.68 -17.14 -15.88 -21.43 33.33 0.56
Gz2x EC173934 -12.70 -15.39 -8.67 -14.38 -39.47 -34.29 -33.88 -38.24 45.93 10.06
Gox K-75 -15.63 -16.92 -5.62 5.00 -13.16 -5.71 8.82 1.65 28.52 -3.07
Gz x LC-11 2143 -15.39 7.06 13.75 -31.58 -25.71 -2.94 9.34 2141 -3.91
G2 x LC-40 1.59 -1.54 -20.69 -13.75 -39.47 -34.29 -36.00 -40.22 29.26 -2.51
G2 x Gyni -31.71 -13.85 -6.99 -16.88 -10.53 -2.86 1.77 -4.95 28.89 -2.79
Poinsette x EC173934 | 28.38 46.15 4.46 2.50 0.00 -28.57 6.01 -30.22 -11.48 3.35
Poinsettex K-75 -29.73 -20.00 2.25 13.75 19.05 -28.57 -1.24 -12.09 6.43 34.08
Poinsettex LC-11 -13.51 -1.54 8.24 15.00 14.29 -31.43 -12.24 -10.33 16.34 33.24
Poinsettex LC-40 2.70 16.92 -20.67 -13.75 9.52 -34.29 -1.28 -32.20 -15.81 -3.35
Poinsettex Gyn1 -8.54 15.39 242 -4.25 -21.62 -17.14 12.75 -1.87 13.75 17.88
EC173934x K-75 0.00 -1.54 -8.43 1.88 -12.00 -37.14 -32.10 -39.56 2.39 19.55
EC173934x LC-11 12.86 21.54 11.77 18.75 -16.00 -40.00 6.85 -29.67 0.73 15.36
EC173934x LC-40 3.18 0.00 -16.67 -9.38 -8.00 -34.29 -4.00 -34.07 8.27 24.30
EC173934x Gyn+ -20.73 0.00 -8.67 -14.48 -40.54 -37.14 -36.24 -44.51 17.52 21.79
K-75x LC-11 2143 -15.39 -8.99 1.25 9.52 -34.29 -24.82 -33.08 -0.24 14.25
K-75x LC-40 -15.63 -16.92 -9.55 0.63 0.00 -40.00 -27.04 -35.06 -12.41 0.56
K-75x Gyni -31.71 -13.85 -8.43 1.88 -8.11 -2.86 12.96 0.55 9.70 13.69
LC-11x LC-40 -17.14 -10.77 10.35 20.00 0.00 -45.71 6.72 -35.93 244 11.73
LC-11x Gyny -31.71 -13.85 10.00 16.88 -29.73 -25.71 18.69 3.30 -5.66 -2.24
LC-40x Gyni -29.27 -10.77 -18.96 -11.88 -37.84 -34.29 -23.49 -33.41 -11.59 -8.38
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