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ABSTRACT

A top cross scheme was used to assess the effects of general combining ability and narrow-sense heritability coefficients in four strawberry
cultivars. Maternal parent plants of four cultivars: ‘Elkat’, ‘Filon’, ‘Heros’ and ‘Seal’ were crossed with two paternal cultivars: ‘Pastel’ and ‘Jota’.
The hybrids derived in this way were assessed for number of inflorescences, fruit yield, average fruit mass, and leaf mass in 2010–2012.
Estimated heritability coefficients were 0.63–0.64 for number of inflorescences, 0.32–0.45 for fruit yield, 0.29–0.40 for average fruit mass and 0.31–
0.38 for leaf mass. The high estimated heritability for number of inflorescences indicates that selection may help to effectively increase the value
of the trait in the offspring. The effects of general combining ability in the investigated cultivars varied. ‘Elkat’ presented high values regarding
fruit yield and number of inflorescences for both paternal forms used as testers. The ‘Filon’ cultivar responded similarly to applied paternal forms
with regard to individual fruit weight. The effects of combining ability of leaf mass trait were dependent upon the paternal form used in the
crossing scheme.
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INTRODUCTION

In 2013, Poland’s production of strawberry fruit reached about 162 000 tons. This fact places strawberry at the leading position
among other berry crops produced in this country. The most desired cultivar in the processing industry is still ‘Senga Sengana’,
since other cultivars have less desirable processing characteristics [1–3]. In the case of dessert cultivars of strawberries, growers
can choose cultivars of domestic or foreign breeding, since the register made up by the Research Centre for Cultivar Testing lists
as many as 44 genotypes [4]. Many of these cultivars are used in breeding programmes whose objective is to obtain new,
valuable genotypes. Crosses between these cultivars, carried out in different designs, such as diallelic, [6, 10, 14, 15], hierarchic,
[7], and factorial design [29], allow researchers to assess a cultivar’s usefulness for breeding by identifying its effects of general
combining ability.

In this study, the effects of general combining ability (GCA) for the investigated set of genotypes were estimated on the basis of
a top-cross scheme. Also, the application of this crossing scheme enabled the estimation of the narrow-sense heritability
coefficient for several quantitative traits using parent-offspring regression.

MATERIALS AND METHODS

Four strawberry cultivars: ‘Elkat’, ‘Filon’, ‘Heros’ and ‘Seal’, bred in the Research Institute of Pomology and Floriculture
(recently Research Institute of Horticulture) in Skierniewice, Poland were chosen for the experiment. These genotypes were
used as maternal parents in crosses with two testers, the ‘Jota’ and ‘Pastel’ cultivars, bred at the University of Life Sciences in
Lublin. The description of morphological and practical characteristics of investigated cultivars can be found in numerous studies
[19, 30–32]. The crosses were performed in an open field in the spring of 2008. Hybrid seedlings derived from these crosses,
together with the parental cultivars, were represented by 3 replicates of 20 plants each, planted in August 2009 at a spacing of



0.35 × 1.0 m and evaluated during three subsequent vegetative seasons in 2010–2012. During the experiment typical agronomic
procedures recommended in commercial plantations were applied. In periods of water shortage the fields were irrigated. The
following characteristics were assessed: number of inflorescences, fruit yield per plant, individual fruit mass, and leaf mass.
The number of inflorescences was determined after the flowering period by counting all inflorescences produced by each plant.
The fruit yield was assessed by weighing the fruit crops successively as they were ripening. Mean weight of individual fruits was
estimated by dividing the total fruit mass by the number of fruits. After harvest was completed in each year, the leaves of each
plant were cut off at about 5 cm above the ground and weighed to determine their total mass. The data obtained in this way
were evaluated using the analysis of variance method and significant differences were verified in Tukey’s test at the level of
α = 0,05. The effects of general combining ability were estimated according to the top cross scheme and the value of heritability
coefficient was estimated by linear regression of offspring compared to the average of both parental forms, based on the models
proposed by Ubysz-Borucka et al. [24].

RESULTS AND DISCUSSION

In the crossing scheme applied in this study the highest effects of general combining ability regarding fruit yield have been
recorded for maternal cultivar ‘Elkat’ when crossed with paternal form ‘Pastel’ (Tab. 1). The obtained values were more than
twice as high compared to the crosses of the same maternal form with ‘Jota’ cultivar (Tab. 2). The effects of ‘Heros’ and ‘Seal’
varieties were varied and depended upon the paternal form that was used. The lowest effects for this trait, regardless of applied
paternal form, were recorded for ‘Filon’ cultivar. Although studies by Masny et al. [14] have reported that GCA effects of
‘Filon’ cultivar were higher than those of ‘Elkat’, these results may be due to the different choice of genotypes, which were mid-
and late-season bearing cultivars, whereas the present study concerned mostly early or mid-early ones. The research carried out
by Masny et al. [18] on the combining ability in 10 strawberry varieties showed positive effects with regard to fruit yield for
‘Granda’ and ‘Vikat’ cultivars, although the results were varied in different years. Negative effects were recorded for ‘Rosie’
cultivar throughout the whole observation period. Variable estimates of GCA effects for this trait over the years of study were
also observed by Masny and Żurawicz [17].

Table 1. General combining ability effects for the studied properties in crosses with ‘Pastel’ cultivar

The combination 
of crossing

GCA effects
Fruit yield 
per plant

Mean weight 
of single fruit

Number of inflorescences 
per plant

Leaf weight 
from plant

Elkat × Pastel 124.72 a* 0.07 b 1.00 a 26.28 a
Seal × Pastel 6.07 b -2.26 c -1.60 b -14.58 b
Filon × Pastel -100.64 c 2.45 a 0.70 a -11.40 b
Heros × Pastel -30.14 bc -0.24 b 0.10 a -0.28 b

* Means in the columns marked with the same letter do not differ significantly at α = 0.05

Table 2. General combining ability effects for the studied properties in crosses with ‘Jota’ cultivar

The combination 
of crossing

GCA effects

Fruit yield Mean weight 
of single fruit Number of inflorescences Leaf weight 

from plant
Elkat × Jota 55.80 a* 0.09 ab 1.30 a -8.48 bc
Seal × Jota -58.19 c -1.19 b -2.60 b 10.06 ab
Filon × Jota -21.50 bc 1.40 a 1.20 a 19.46 a
Heros × Jota 23.91 ab -0.30 b 0.10 a -21.03 c

* Means in the columns marked with the same letter do not differ significantly at α = 0.05

The best-yielding maternal cultivar was ‘Elkat’ (Tab. 3). Its yield was slightly higher than that reported by Małodobry et al. [11].
In addition, COBORU research [3] showed that this cultivar yielded better than ‘Jota’ and ‘Pastel’ in the first year of full fruiting.
In the second year ‘Pastel’ gave slightly higher general yield in one of the two research farms. Good general yield potential and
high disease resistance make ‘Elkat’ a desirable cultivar recommended for organic farming [20].

Table 3. Fruit yield per plant in maternal cultivars and hybrids, and narrow-sense heritability coefficients of this trait

Maternal form Trait value 
for maternal forms [g]

Trait value for hybrids 
with paternal form [g]

Heritability 
coefficient

Jota Pastel Jota Pastel
Elkat 457.81 a* 512.62 a 631.68 a

0.45 0.32Filon 391.03 b 435.32 ab 406.22 c
Heros 312.60 d 480.73 ab 476.72 bc
Seal 349.24 c 398.63 b 512.93 b

*Means in the columns marked with the same letter do not differ significantly at α = 0.05

Mean individual fruit mass was the highest for hybrid families of ‘Filon’ × ‘Pastel’ as well as ‘Filon’ × ‘Jota’ (Tab. 4), therefore
the GCA effects of this maternal form were also high (Tab. 1, 2). By contrast, maternal form ‘Seal’ presented negative values of



GCA regarding this trait in the case of both tested paternal forms. Similar response, though at a slightly lower level, was
observed in ‘Heros’ cultivar. High GCA effects for individual fruit weight were found in ‘Granda’, ‘Darselect’ [18] and ‘Selva’
[13] cultivars. ‘Darselect’, characterized by high GCA effects, was included in the crossing schemes. Selection in the progeny
permitted for the derivation of two new cultivars ‘Tianxiang” and ‘Yanxiang” with higher fruit mass than in the initial cultivar [28].
In the present research, the maternal cultivar ‘Elkat’ was found to produce fruits of higher individual mass than other cultivars
(Tab. 4). In other experiments individual fruit mass was similar (12.1 g) or slightly lower (10.8 g) [3, 5, 12]. For the maternal
cultivar ‘Heros’ the observed individual fruit mass was in the range established for this variety by Gwozdecki [9] (from 8.3 g to
11.8 g). In the case of ‘Filon’ this author obtained fruits of slightly higher mass (10.0–14.5 g) compared to the present study.
Bieniasz et al. [2] also have reported high fruit weight for this cultivar. Considering the fruit size of the maternal cultivars in this
study, ‘Filon’ cultivar, characterized by large fruit size, passes this trait to the progeny more effectively than other cultivars, as
indicated by the value of this trait in the hybrids as well as by its GCA effects.

Table 4. Mean weight of single fruit in maternal cultivars and hybrids, and narrow-sense heritability coefficient of this
trait

Maternal form Trait value 
for maternal forms [g]

Trait value for hybrids 
with paternal form [g]

Heritability 
coefficient

Jota Pastel Jota Pastel
Elkat 12.91 a* 10.50 ab 11.10 b

0.29 0.40Filon 10.14 b 11.81 a 13.48 a
Heros 9.33 b 10.10 ab 10.79 b
Seal 9.52 b 9.22 b 8.77 c

* Means in the columns marked with the same letter do not differ significantly at α = 0.05

Crosses of ‘Seal’ with ‘Jota’ and ‘Pastel’ resulted in lower number of inflorescences per plant in the offspring (Tab. 5). Hence,
‘Seal’ was the only tested cultivar with negative GCA effects (Tab. 1, 2). The remaining cultivars presented positive values of
GCA with regard to this trait, the highest being that of ‘Elkat’ cultivar. Whitehouse et al. [27] assumed that the fruit yield is
mainly dependent on the number of inflorescences and distinguished 3 out of 51 genotypes that are significantly more effective in
passing this trait to the offspring. In addition, these authors indicate that this trait has a high correlation with fruit yield (r = 0.757).
Other authors also reported high correlation of these traits [6, 7, 22]. Therefore, using ‘Elkat’ in crossing programs should
facilitate obtaining higher number of inflorescences in the offspring, especially as compared to ‘Seal’. Also, ‘Elkat’ may indirectly
contribute to increasing yield potential.

Table 5. Number of inflorescences per plant in maternal cultivars and hybrids, and narrow-sense heritability coefficient
of this trait

Maternal form Trait value 
for maternal forms [pc]

Trait value for hybrids 
with paternal form [pc]

Heritability 
coefficient

Jota Pastel Jota Pastel
Elkat 11.34 a* 12.00 a 11.12 a

0.64 0.63Filon 9.22 b 11.93 a 10.84 a
Heros 8.82 b 10.81 a 10.03 ab
Seal 9.81 b 8.14 b 8.51 b

* Means in the columns marked with the same letter do not differ significantly at α=0.05

The plant vigour of individual plants expressed in the leaf mass was varied (Tab. 6) and ranged from 104.63 g for
‘Heros’ × ‘Jota’ combination to 145.78 g for ‘Elkat’ × ‘Pastel’ combination. ‘Elkat’ crossed with ‘Pastel’ was also remarkable
in the assessment of GCA effects of this trait, whereas the effects of other maternal forms combined with this father were
negative (Tab. 1). ‘Jota’ exhibited low GCA effects for crosses with ‘Heros’ and ‘Elkat’. In the case of the remaining two
maternal cultivars GCA effects were positive but statistically non-significant. (Tab. 2) Selection of cultivars with higher leaf mass
(vigour) is important, since it has significant positive correlation with the fruit yield. [25]

Table 6. Leaf weight from plant in maternal cultivars and hybrids, and narrow-sense heritability coefficient of this trait

Maternal form Trait value 
for maternal forms [g]

Trait value for hybrids 
with paternal form [g]

Heritability 
coefficient

Jota Pastel Jota Pastel
Elkat 118.33 b* 117.18 ab 145.78 a

0.38 0.31Filon 135.14 a 145.12 a 108.12 b
Heros 116.21 b 104.63 b 119.22 ab
Seal 94.82 c 135.72 a 104.92 b

* Means in the columns marked with the same letter do not differ significantly at α = 0.05

The estimated heritability coefficients varied and depended on the evaluated trait as well as on the population in which the
estimates were performed (Tab. 3–6). The highest degree of heritability was obtained for number of inflorescences per plant in
the cases where ‘Pastel’ and ‘Jota’ were tested as parental cultivars. Varied values of heritability of this trait may have resulted



from the chosen model of breeding the hybrid progeny. In previous studies, heritability of this trait was estimated as 0.38 in
hierarchic crossing design and 0.21 in a diallelic crossing design [6, 7]. The value of heritability coefficient for fruit yield per plant
was at moderate level, though slightly higher in the population where the paternal form ‘Jota’ was applied. Similar effects of this
cultivar were observed for leaf mass. A high estimate of broad-sense heritability coefficient for fruit yield was obtained based on
cultivars and breeding clones, which amounted to 0.64 [25]. However, the level of narrow-sense heritability of this trait can be
much lower, as was observed in the research on ever-bearing strawberry hybrids, where it ranged from 0.01 to 0.07 [16].
Heritability of individual fruit mass was higher in the population derived from ‘Pastel’ cultivar. Higher levels of heritability have
been reported in the studies by Whitaker et al. [26] and Masny et al. [16], whereas Shaw [21] obtained a lower level of
heritability. The obtained values of heritability coefficient for fruit yield, fruit mass and leaf mass indicate the predominance of
non-additive genetic or environmental effects in the control of these traits. The influence of this type of genes on analyzed
properties was indicated by Whitaker et al. [26] as well as by Gawroński and Hortyński [7], whereas the influence of additive
genes was reported by Kaczmarska [10].

CONCLUSION

1. Maternal cultivars and their progenies varied for the traits examined in this study.
2. Based on the estimated GCA effects, the ‘Elkat’ cultivar seems to be the most useful parent for gains in the yield, whereas

‘Filon’ shows high probability of gains in fruit mass.
3. Estimated values of heritability coefficient were at a moderate level which promises slow progress towards the

improvement of investigated traits except for the number of inflorescences, where more rapid progress may be possible.

REFERENCES

1. Alsheikh M., Sween R., Nes A., Gullord M., 2009. Strawberry breeding in Norway: progress and future. Acta Hort., 842, 499–502.
2. Bieniasz M., Małodobry M., Lech W., 2007. Ocena plonowania i jakości owoców dziewięciu odmian truskawki [The estimation of yielding

and fruit quality of nine strawberry cultivars]. Rocz. AR Pozn. CCCLXXXIII, Ogrodn., 41, 269–273 [in Polish].
3. COBORU, 2012. Wyniki doświadczeń PDOiR w województwie zachodniopomorskim w 2011 roku [The results of experiments PDOiR in

Western Pomerania in 2011]. www.coboru.pl/Plikiwynikow/5_2012/N_1_pdf. 122–128. Access: 11-02-2013 [in Polish].
4. COBORU, 2013a. Odmiany wpisane do krajowego rejestru [Polish National Lists of varieties]. www.coboru.pl/Polska

/Rejestr/odm_w_rej.aspx?kodygatunku=TRJ. Access: 20-12-2013 [in Polish].
5. COBORU, 2013b. Wyniki doświadczeń PDOiR w województwie zachodniopomorskim w 2012 roku [The results of experiments PDOiR in

Western Pomerania in 2012]. www.coboru.pl /Pliki wyników/ 5_2013/N_1_pdf. 121–124. Access: 11-02-2013 [in Polish].
6. Gawroński J., 2011. Evaluation of the genetic control, heritability and correlations of some quantitative characters in strawberry (Fragaria

× ananassa Duch.). Acta Sci. Pol., Hortorum Cultus, 10(1), 71–76.
7. Gawroński J., Hortyński J., 2011. Hierarchic crossing design in estimation genetic control quantitative traits of strawberry (Fragaria ×

ananassa Duch.). Acta Sci.Pol.,Hortorum Cultus, 10(1), 77–82.
8. GUS, 2013. www.stst.gov.pl/cps/rde/xbcr/gus/RS_rocznik-statystyczny_rp_2013.pdf. [Statistical yearbook 2013]. Access: 5-02-2014 [in

Polish],
9. Gwozdecki J., 2002. Odmiany truskawki w rejestrze i w badaniach [Varietes of strawberries in the registry and in research]. OWK, 6, 12 [in

Polish].
10. Kaczmarska E., 2008. Efekty zdolności kombinacyjnej w potomstwie wybranych odmian truskawki (Fragaria × ananassa Duch.)

[Combining ability effects in the progeny of chosen strawberry cultivars (Fragaria × ananassa Duch.)]. Biul. IHAR, 249, 233–239 [in
Polish].

11. Małodobry M., Bieniasz M., Dziedzic E., 2006. Struktura plonowania sześciu odmian truskawki [The structure of yielding of six strawberry
varieties]. XLIV Ogólnopolska Naukowa Konferencja Sadownicza Skierniewice, 177–178 [in Polish].

12. Małodobry M., Bieniasz M., Dziedzic E., 2011. Yield structure and content of some components in fruit of six strawberry cultivars.
Ecological chemistry and engineering, 18, 1, 67–72.

13. Masny A., Mądry W., Żurawicz E., 2005. Combining ability analysis of fruit yield and fruit quality in ever-bearing strawberry cultivars
using an incomplete diallel cross design. J. Fruit Ornam. Plant Res., 13, 5–17.

14. Masny A., Mądry W., Żurawicz E., 2008. Combining ability for important horticultural traits in medium- and late- maturing strawberry
cultivars. J. Fruit Ornam. Plant Res., 16, 133–152.

15. Masny A., Sieczko L., Żurawicz E., Mądry W., 2010a. Zmienność i współzależność cech ilościowych u rodzin mieszańcowych truskawki
powtarzającej owocowanie. Część I. Związki pomiędzy cechami [Comparison of multi characteristic degree of diversification based on
analysis of hybryd familes of everbearing strawberry. Part I Correlation between traits]. Zesz. Probl. Post. Nauk Rol., 555, 551–559 [in
Polish].

16. Masny A., Sieczko L., Żurawicz E., Mądry W., 2010b. Zmienność i współzależność cech ilościowych u rodzin mieszańcowych truskawki
powtarzającej owocowanie. Część II. Jedno- i wielowymiarowa analiza zmienności i grupowania. [Comparison of multi characteristic
degree of diversification based on analysis of hybryd familes of everbearing strawberry. Part II Variability of traits]. Zesz. Probl. Post.
Nauk Rol., 555, 561–577 [in Polish].

17. Masny A., Żurawicz E., 2002. Zdolność kombinacyjna wybranych genotypów truskawki w hodowli odmian powtarzających owocowanie
[Combining ability of selected strawberry genotypes in breeding of everbearing cultivar]. Zesz. Probl. Post. Nauk Rol., 488, 477–485 [in
Polish].

18. Masny A., Żurawicz E., Mądry W., 2009. General combining ability of ten strawberry cultivars for ripening time, fruit quality and
resistance to main leaf diseases under polish conditions. Acta Hort., 842, 601–604.

19. Perczak J., 2004. Nowe odmiany truskawek polecane do uprawy w Polsce [New strawberry varietes recommended for cultivation in
Poland]. Hasło Ogr., 7, 62–64 [in Polish].

20. Sas Paszt L., Żurawicz E., Głuszek S., 2010. Przydatność istniejących odmian truskawki do upraw ekologicznych [Suitability of existing
strawberry cultivars for organic cultivation]. Post. Nauk Rol. 3. 69–76 [in Polish].

21. Shaw D.V., 1989. Genetic parameters and selection efficiency using part-records for production traits in strawberries. Theor. Appl. Genet.,
78, 560–566.

22. Shokaeva D., 2004. Factors influencing marketable yield and berry size in short-day strawberry varieties in two fruiting seasons. J. Ornam.
Plant Res. Special ed., vol. 12, 169–166.

23. Ubysz-Borucka L., Mądry W., Muszyński S. 1985. Podstawy statystyczne genetyki cech ilościowych w hodowli roślin [Fundamentals of
statistical genetics of quantitative traits in plant breeding]. Wyd. SGGW-AR. Warszawa [in Polish].

24. Ukalska J., Mądry W., Ukalski K., Masny A., Żurawicz E., 2006. Patterns variation and correlation among traits in a strawberry germplasm
collection (Fragaria × ananasa Duch.). J. Fruit Ornam. Plant Res., 14, 5–22.

25. Werner T., 2013. Co dalej z truskawką przemysłową? [What’s next with strawberries for processing?]. http; // jagodnik.pl /aktualności/



polska/ 889. Access: 12-04-2013 [in Polish].
26. Whitaker V.M., Ostrio L.F., Jasing T., Gezan S., 2012. Estimation of genetic parameters for 12 fruit and vegetative traits in the University of

Florida strawberry breeding population. J. Amer. Soc. Hort. Sci., 137(5), 316–324.
27. Whitehouse A.B., Passey A.J., Simpson D.W., 2009. Developing a breeding strategy for improved performance in programmed cropping

systems. Acta Hort., 842, 503–506.
28. Zhang Y.T., Wang G.X., Dong J., 2009. Recent state in strawberry production and research in China. Acta Hort., 842, 627–630.
29. Żebrowska J. 2003.Combining ability effects in the progeny of male sterile strawberry – (Fragaria × ananassa Duch.). Annales UMCS

sectio EEE, Horticultura, 13, 248–255.
30. Żurawicz E., 2002. Nowe odmiany truskawki polskiej hodowli [New varieties of strawberries bred in Poland]. OWK, 14, 19–20 [in Polish].
31. Żurawicz E., Masny A., 2009. Uprawa truskawek w polu i pod osłonami [Growing strawberries in a field and under cover]. Wyd.

Plantpress. Kraków [in Polish].
32. Żurawicz E., Masny A., 2010. Porady dla producentów truskawek [Advice for strawberry growers]. Wyd. Hortpress. Warszawa [in

Polish].

Accepted for print: 19.12.2014

Jacek Gawroński
Department of Genetics and Horticultural Plant Breeding, University of Life Sciences in Lublin, Poland
ul. Akademicka 15 
20-950 Lublin 
Poland
email: jacek.gawronski@up.lublin.pl

Responses to this article, comments are invited and should be submitted within three months of the publication of the article. If
accepted for publication, they will be published in the chapter headed 'Discussions' and hyperlinked to the article.

Main  -  Issues  -  How to Submit  -  From the Publisher  -  Search  -  Subscription

mailto:jacek.gawronski@up.lublin.pl
mailto:eng@ejpau.media.pl
http://www.ejpau.media.pl/main.html
http://www.ejpau.media.pl/all_issues.html
http://www.ejpau.media.pl/how.html
http://www.ejpau.media.pl/publishers_regulations.html
http://www.ejpau.media.pl/search.html
http://www.ejpau.media.pl/subs.html

	Horticulture

