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INTRODUCTION
Potato occupies a wordly highlighted place thanks

to its high-yielding capacity per unit area, short vegetative
period, nutritive value and great versatility to be integrated
into cultivation systems. Due to this, many investigators
of the whole planet have been devoted to the task of
obtaining better varieties than the existing ones.

Concerning the methods used to increase crop
yields, breeding has undoubtedly been the highest
contributor (González, 1998). The fundamental reasons
are low costs in comparison with high economic benefits
that could be obtained, since yield per unit area increases
with low expenses of additional agricultural inputs (Ro-
jas, 1996); on the other hand, the production of more stable
varieties with better performance against pests and
diseases reduces pesticide consumption and  assures
good harvests.

Some studies have demonstrated that with the use
of the conventional crossing method among parental
tetraploid lines, it is possible to obtain variability and select

hybrids and hybrid families with good characteristics
(González et al., 1996).

In Cuba, potato is mainly cultivated in the western
and central zones of the country and less  in the eastern
one, fundamentally in dry season (November-December),
when temperatures are lower. More than 10 million dollars
are  invested every year in the purchase of seeds from
The Netherlands and Canada (Estévez et al., 1996a, 1998).
Thus, since 1985, the National Institute of Agricultural
Sciences started to work on the potato breeding program
by conventional hybridization, with the aim of obtaining
more adapted high-yielding varieties to our conditions.

Concerning the significance of breeding, the aim of
this paper was to know the performance of eight potato
hybrid families obtained under our conditions, as well as
to estimate heritability of some economically important
characters.

MATERIALS AND METHODS
The experiments were carried out in the central area

of the National Institute of Agricultural Sciences (INCA),
on a compacted Red Ferralític soil (Hernández et al., 1994)
from December to March, using a plant spacing of 0.90 m
between rows and 0.50 m between plants.
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con el objetivo de conocer el comportamiento de las combina-
ciones híbridas en cuanto al rendimiento y sus componentes
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familias se ubicaron al azar en campo, plantándose un total de
1000 tubérculos. Se realizaron análisis de varianza completa-
mente aleatorizados con desigual número de individuos por
familia y se estimó la heredabilidad en sentido estrecho. Se
observó variación entre las familias para los caracteres estu-
diados, presentando un mejor comportamiento los cruces
Desirée x Baraka y Desirée x Cardinal. Se presentó una mayor
heredabilidad para el número de tubérculos y la masa prome-
dio de los tubérculos.
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Eight hybrid families were located at random in the field
(Desirée x Omega, Desirée x Cardinal, Cardinal x Desirée,
Baraka x Desirée, Desirée x Baraka, Spunta x Desirée, Lizen
x Desirée and Marlene x Desirée), planting them in  an
unequal number of tubers per family, a total of 1 000,
representing each individual by a tuber. Each plant was
harvested by hand at 90 days, rejecting  the plants with
misshapen tubers and those with very deep eyes. The
evaluated characters were: skin color, eye shape and depth,
tuber number per plant, the average tuber weight (kg) and
yield per plant (kg).

Taking the data of yield per plant, tuber number per
plant and average tuber weight, the following factors were
determined for each crossing: the  mean, variance and
coefficient of variation, and the analysis of randomized com-
plete variance were performed with an unequal number of
individuals per family or crossing; also narrow-sense heritability
was estimated (Torres, 1976, quoted by González, 1998).

RESULTS AND DISCUSSION
The mean, variance and coefficient of variation for yield

per plant, tuber number per plant and the average tuber
weight of crossings in the first clonal generation are
presented in Table I. The general mean for yield showed a
value of 0.528 kg, only being overcome by the crossings
Desirée x Baraka (0.568) and Desirée x Cardinal (0.564).
The highest yields were reached when Desirée variety was
used as female parent. It was more evident in the

reciprocal crossings of Desirée x Baraka and Desirée x
Cardinal. According to Singh (1993), in reciprocal
crossings of potato, these differences could be due to
cytoplasmic effects and/or gene-cytoplasmic
interactions.

With regard to tuber number, the crossing Desirée
x Omega presented the highest value  with 9.6 tubers,
followed by Cardinal x Desirée, Desirée x Cardinal and
Desirée x Baraka with 8.4, 7.9 and 7.7, respectively.

The highest average weight was reached  by
the crossings Spunta x Desirée (0.089), Desirée x
Cardinal (0.084), Lizen x Desirée (0.083) and
Des i rée  x  Baraka (0 .082)  w i th  very  s imi la r
performances.

Variability  was observed  for yield, tuber number
and average tuber weight in the evaluated crosses,
with superior percentages of coefficients of variation
to 42, standing out the number of tubers with a value
very close to 50 %. It indicates that there is a character
segregation in the progenies (Caldis, 1994). According
to Kumar (1994), the genetic variability is an essential
aspect in any classical breeding program.

These results are similar to those recorded by
González et al. (1996) and Estévez et al. (1996b), who
reported  the existence of variability in potato tetraploid
populations.

A higher percentage of yellow tubers was reached
in all the crossings (Table II), even in those combinations
where both parents were red, as Desirée and Cardinal. It
indicated that yellow color is dominant over the red one.

Table I. Mean, variance and coefficient of variation for yield per plant (kg), tuber number per plant and
average tuber weight (kg) in the first clonal generation

Cross        Mean                Varianza                Coefficient of variation
                                         Yield             Tuber             Average           Yield        Tuber           Average         Yield           Tuber               Average
                                                              number           weight                            number          weight                            number              weight

Desirée x Omega 0.525±0.06 9.6±1.1 0.059±0.006 0.054 18.6 0.0006 44.9 45.0 42.2
Desirée x Cardinal 0.564±0.052 7.9±0.8 0.084±0.009 0.073 20.4 0.002 47.9 57.5 48.4
Cardinal x Desirée 0.240±0.070 8.4±1.9 0.042±0.002 0.027 66.8 0.0008 68.2 97.3 67.3
Baraka x Desirée 0.320±0.040 5.5±0.7 0.067±0.007 0.018 7.6 0.001 41.7 50.2 47.2
Desirée x Baraka 0.568±0.023 7.7±0.3 0.082±0.004 0.041 9.4 0.001 35.7 40.2 42.3
Spunta x Desirée 0.409±0.059 5.5±1.2 0.089±0.015 0.012 6.0 0.002 26.9 44.4 54.6
Lizen x Desirée 0.388±0.068 5.3±1.8 0.083±0.017 0.018 4.2 0.002 34.4 38.9 47.7
Marlene x Desirée 0.455±0.054 6.8±1.4 0.068±0.012 0.013 8.7 0.008 25.2 43.8 41.2
General mean 0.528 7.3 0.070 0.050 13.0 0.001 42.2 49.4 45.2

Table II. Percentage of tuber skin color, shape and eye depth

Crosses Skin color        Eye depth Tuber shape
                                    Yellow         Red               Shallow          Mean         Oval          Oblong           Lengthened             Round

Desirée x Omega 50 50 78 22 55 31 10   4
Desirée x Cardinal 36 64 84 16 31 27 42  -
Cardinal x Desirée 44 56 89 11 38 23 39
Baraka x Desirée 60 40 68 32 43 27 25   5
Desirée x Baraka 52 48 72 28 47 50 19   3
Spunta x Desirée 73 27 90 10 30 24 46  -
Lizen x Desirée 54 46 87 13 45 15 - 40
Marlene x Desirée 55 45 65 35 51 16 33  -
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According to Howard (1978), the yellow color is
dominant on the red one; however, Verma (1972),
quoted by González (1998), stated that reddish
tonalities are dominant on the clearest colors, they
being generally uniform except around the eyes
(Huaman, 1994).

These results are similar to those of Estévez
et al. (1996b). They found high percentages of
yellow tubers in stability studies of two hybrid pro-
genies from direct and reciprocal crossings and free
pollinations of Desirée and Kondor varieties, both
in red.

Eye depth varied from shallow to medium, the
former eyes being predominant, which is right because
most parents, except Baraka and Marlene, presented
shallow eyes; however, tubers with mid deep eyes were
observed in all the crossings.

Concerning this, Rudorf and Baerecke (1974),
quoted by González (1998), reported that shallow eyes
are dominant compared to deep ones. According to
Black (1933), quoted by Ortiz and Huaman (1994), deep
eyes have full dominance to shallow ones. Also, Ross
(1986), quoted by González (1998),  indicated that
parents having deep eyes always bear descendance
with this trait.

A great variability was appreciated in tuber shape,
with prevalence of oval forms on oblong, lengthened
and round ones; the presence of round shape was
very scarce, except for the combination Lizen x
Desirée, where one of their parents is round. These
results are similar to those of Estévez et al. (1996b)
working with intraspecific potato crossings, where the
oval form was predominant on lengthened and oblong
ones.

Salomón (1926) and Rudorf (1974), mentioned by Ortiz
and Huaman (1994), considered the long character is
dominant on the round one and the shape depends
essentially on the presence or absence of a single gene
for tuber length.

Most authors coincide that this character has a
single inheritance. According to Bartoch (1930),
quoted by Jong and Burns (1993), tuber shape is
controlled by three or four genes. Also Maris (1962),
quoted by the same authors, considers that the
character is  governed by a major gene wi th
accumulative effect and an unknown number of minor
genes. Besides, Maris postulated that eye depth is
controlled by a major gene in connection with the
gene controlling tuber shape.

There were  highly significant differences among
crossings for each character evaluated (Table III).The
estimate values of the components of variance intra
and inter crossings and the percentage representing
each of the total  var iance and narrow-sense
heritability are shown in Table IV.

Table III. Analysis of variance for yield per plant (kg),
tuber number per plant and average tuber
weight (kg)

Sources   Degrees     Mean squares
of variation of freedom    Tuber           Yield         Average

                      number                         weight

Between crossings     7 0.576*** 498.6*** 0.021***
Inside crossings 634 0.043   13.5 0.001
Total 641   -     -   -

*** significant to p<0.001

Table IV. Components of variance for yield per plant,
tuber number per plant and average tuber
weight

Yield % Tuber % Average   %
number                     weight

σ
2C 0.0093 17.7 8.482 38.6 0.0004   25.0

σ2Cl 0.0432 82.3 13.465 61.4 0.0012   75.0
σ

2 Total 0.0525 100.0 21.947 100.0 0.0016 100.0
h2 ± ES 0.18 ± 0.08 0.39 ± 0.13 0.23 ± 0.09

C- crosses      Cl- clones        h2- narrow-sense heritability

For the three characters, clonal variance in the
crossings was bigger than the variance component among
crossings, coinciding with Torres (1976), Estévez and
González (1990), quoted by González (1998), who
indicated that crossed genotypes were very heterozygous
and there was a great proportion of non-additive and additive
genetic variance among clones in the families. It is
important to know that the variance component among
clones is confused with the environmental variance
component, which  could represent a good percentage of
the value recorded.

The highest value of variance among crosses was
reached by tuber number per plant, representing 38.6 %
of the total variance.

The narrow-sense heritability values (h²)  were 0.39,
0.23 and 0.18 for tuber number, average weight and yield
respectively. The highest heritability values were
observed  for  average weight and tuber number. Thonson
and Mendoza (1984) found a high heritability  for the
average tuber weight.

Yield presented the lowest heritability (0.18). It is a
complex character which does not present a direct
genetic control; it is higly affected by the environment,
causing a heritability reduction of this character (Vayda,
1994).

Results confirmed  the existence of phenotypic
variability for all the characters evaluated in the hybrid
families. The  best performance was observed in the
crossings Desirée x Baraka and Desirée x Cardinal. Tuber
number and average weight reached the highest
heritability.



90

REFERENCES
Caldis, D. O. Genetic Improvement of yield crops genetic

improvement and associated physiological changes in
the potato.  Parkville : Marcel Dekker, 1994, 411 p.

Estévez, A., et al. Comportamiento del rendimiento y la cali-
dad euclidiana de un grupo de clones y variedades cuba-
nos de de papa. Cultivos Tropicales,  1996a, vol. 17, No.
3, p. 72-76.

Estévez, A., et al. Obtención y evaluación de progenies de
semilla sexual de papa (Solanum tuberosum, L.). Parte I.
Cultivos Tropicales, 1996, vol. 17, No. 1, p.  60-64.

Estévez, A., et al.  Lizette e Ibis, dos nuevas variedades cuba-
nas de papa. Cultivos Tropicales, 1998, vol. 19, No. 2, p. 57.

FAO.  Draft report on the state of the world’s. Rome : Plant
Genetic Resources, 1996. 35 p.

González, M. E., et al. Comportamiento de familias híbridas
tetraploides de papa (Solanum tuberosum L.). Cultivos
Tropicales, 1996, vol. 17, No. 3, p. 63-66.

González, M. E., et al. Capacidad para el cruzamiento de pro-
genitores silvestres y cultivados de papa. Cultivos Tropi-
cales, 1998, vol. 19, No. 1, p. 52-55.

González, M. E. Mejoramiento por hibridación de la papa.
[Tesis de Doctorado]. INCA, 1998.

Howard, H. W.  The production of new varieties. In: Harris,
PM, ed. The Potato Crop. London : Chapman and Hall,
London.  1978, p. 607-646.

Huaman, Z.  Conservación ex situ de papa. Recursos
genéticos en el CIP. CIP Circular. Lima, 1994, vol. 20, No.
3, p. 13.

Jong, H. de y Tai, G. C. C.  Evaluation of potato hybrids obtained
from tetraploid-diploid crosses into incomplete mating
design in parent-off spring relationships. Plant Breeding,
1991, vol. 107, p. 177-182.

Jong, H. de, Burns, V.  J. Inheritance of tuber shape in
cultivated diploid potatoes. Am. Pot. Journal, 1993, vol.
70, p. 267-283.

Kumar, A. Somaclonal [variation]. En: Potato Genetics.
Wallingford : CAB International, 1994, p. 197-212.

Ortiz, R. y Huaman, Z. Inheritance of morphological and tuber
characteristics. En: Potato Genetics. Wallingford : CAB
International, 1994, p. 263-283.

Red, E. Function of the areas differentiate them in the supply
of the potato seed in the Argentina. En: III Technical Day of
the seed of potato for Latinoamerican. (3 Feb 14-16:
Mendoza), 1996, p. 35.

Singh, R. L. Plant cytogenetics : Boca Raton, CRC, 1993,
391p.

Thonson, P. G. y Mendoza, H. A. Genetic variance estimates
in heterogeneous potato populations propagated from
true seed (TPS). Am. Pot. Journal, 1984, vol. 61, No. 11, p.
697-702.

Vayda, M. E. Environmental stress and its impact on potato
yield. En: Potato Genetics. Wallingford : CAB International,
1994, p. 3-42.

Recibido: 10 de febrero de 1999
Aceptado: 16 de febrero de 1999


	Title
	Authors
	Abstract
	Resumen
	Key words
	Introduction
	Materials and Methods
	Results and Discussion
	References

