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COMPARATIVE STUDIES ON THE AGRONOMIC
VALUE OF invitro AND CONVENTIONALLY
PROPAGATED STRAWBERRY (Fragaria X ananassa Duch.)
PLANTS

Jadwiga Zebrowska, Elzbieta Kaczmarska, Jacek Gawronski
University of Life Sciences in Lublin

Abstract. In principle, in vitro propagation results in uniform batches of plants, which
grow, flower and fruit normally. However, phenotypic changes often observed in the field
performance of tissue culture-produced strawberry plants might affect their agronomic
value. So, it is of utmost importance to assess the field performance of in vitro propagated
plants to verify their fidelity to conventional propagated plants. In this study, the agro-
nomic value of the strawberry plants derived from cultivars ‘Filon’ and ‘Teresa’ via in vi-
tro propagation and their first vegetative progeny was compared to conventional plants.
During the field experiments, agronomic traits such as plant vigor, abundance of flower-
ing and yield components were evaluated. The results showed the different field response
of cultivars tested to in vitro propagation. In spite of the phenotypic changes observed in
in vitro derived plants, their agronomic value was equal or superior in comparison with
conventional plants. In conclusion, it should be stated that in vitro propagation method
can be safely recommended for the reproduction of these strawberry cultivars.

Key words: micropropagation, microplants, phenotypic uniformity, runner seedlings, tis-
sue culture

INTRODUCTION

In conventional cultivation, the strawberry (Fragaria X ananassa Duch.) is a species
vegetatively propagated via runner seedlings. Nevertheless, such seedlings due to their
weakness and susceptibility to pathological agents are not always suitable for this culti-
vation. Nowadays, the advantageous alternative to this conventional method seems to be
the use of micropropagated plants for cultivation. Micropropagation of strawberry has
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been applied on a large scale in commercial production since mid 1970s. First applied to
strawberry meristems in vitro techniques have been amplified to an efficient method of
mass propagation [Boxus et al. 1977, Boxus 1992]. The use of a genetically stable mer-
istematic tissue for mass in vitro clonal propagation is the best tool to obtain healthy and
genetically unified plant material. The possibility of obtaining disease-free plants
through meristem culture was demonstrated by Mahajan et al. [2001], Sowik et al.
[2001], Hammerschlag et al. [2006]. Production of the tissue culture-propagated straw-
berry plants has been introduced to prevent most of plant and soil transmissible dis-
eases. Several improvement of the technology have been proposed by authors working
with strawberry [Passey et al. 2003, Debnath 2005, 2006, Lucyszyn et al. 2006]. In spite
of an unquestionable advantages resulted from the use of a meristematic tissue culture
for producing of high quality strawberry seedlings, some difficulties concerning the use
of micropropagation as a commercial mass production method have arisen over the
years. Phenotypic changes and variation in performance of tissue culture-produced
strawberry plants have been widely reported [Borkowska 2001, Graham 2005]. Some
reports note an increase in fruiting linked to enhanced crown proliferation and to flower
bud differentiation and a marked fruit quality decline in comparison with standard
propagated plants from the same clone [Boxus et al. 2000].

Such abnormalities are due to epigenetic changes caused by modifications in the ex-
pression of the information in the DNA brought about by alterations in DNA methyla-
tion, in histones, or in both. These modifications may influence a gene transcription
[Miguel and Marum 2011]. Epigenetic changes are often temporary and plants may
revert to the normal phenotype relatively easily but some can be long lasting and may
even be transferred during sexual propagation [Kaeppler et al. 2000]. Field performance
of micropropagated plants is a method used for evaluating their phenotypic uniformity
to conventional plants obtained via standard runner propagation of cultivars. In this
study, on the basis of such comparison, an agronomic value of the microplants directly
obtained via micropropagation and their first vegetative progeny was assessed in culti-
vars ‘Filon” and ‘Teresa’.

MATERIAL AND METHODS

The plant material was two june-bearing strawberry cultivars ‘Filon’ and ‘Teresa’
grown in the field at the Experimental Station, University of Life Sciences in Lublin
(51°13°59” ¢ N, 22°34°0>” A E, elevation: 225.48 m) located in the south-east region of
Poland. Both cultivars were micropropagated via runner tips which were derived from
donor plants in their second year of vegetation. Runner tips were first rinsed under run-
ning tap water for 1 h and then surface-sterilized by immersing and shaking them in
70% ethanol for 1 min, and followed by immersing and shaking in sodium hypochlorite
sterile distilled water solution (4.9 v/v) for 10 minutes. Finally, the explants were rinsed
with sterile distilled water three to five times. The sterilized tips were cultured in
250 cm® Erlenmeyer flasks containing 40 cm® of Murashige and Skoog (MS) medium
[Murashige and Skoog 1962] supplemented with indole-3-acetic acid (IAA) 1 mg-dm~,
6-benzylaminopurine (BAP) 1 mg-dm?, gibberellic acid (GAs) 0.01 mg-dm~, 2% su-

Acta Sci. Pol.



Comparative studies on the agronomic value of in vitro and conventionally propagated... 27

crose and solidified with 0.6% agar. The medium was autoclaved for 20 minutes at
121°C and 0.1 MPa, pH of the medium was adjusted to 5.7 before autoclaving. Each
cultivar was represented by 30 explants. The culture was performed in the phytotron at
21°C under a 16 h photoperiod and proliferated twice, every 8 weeks. After two subcul-
tures, the obtained microshoots were rooted on the MS medium without growth regula-
tors. After rooting, the microplants were acclimatized to the field conditions.

The field experiment was conducted in two cycles. The first cycle was carried out in
2008-2010 years and the second one in 2010-2012 years. In the first cycle, the mi-
croplants (M) directly obtained via micropropagation from cvs. ‘Filon’ and ‘Teresa’
were compared with conventionally propagated (CP) plants derived from these cultivars
via runner seedlings, which were used as control plants in this experiment. In the second
cycle, the first vegetative progeny of microplants (VPM,) derived via runners was com-
pared with control plants. All tested plants were planted in the field in three replicates in
each cycle. Each replicate included 20 microplants (in the 1* cycle) or 20 plants of the
first vegetative progeny of microplants (in the 2™ cycle) and 10 control plants planted in
spacing 80 x 30 cm in three rows, 10 plants per row. In the first cycle, the microplants
and control plants were planted in autumn of 2008 year and evaluated in 2010 year, in
the second cycle the first vegetative progeny of microplants and control plants were
planted in the autumn of 2010 year and evaluated in 2012 year. In each cycle the field
evaluation of plants was performed in the second year of their vegetation. According to
typical agronomic procedures recommended for strawberry plantations [Zurawicz et al.
2005], the mineral soil fertilization was used in doses of 30 kg N, 40 kg P,Os and
120 kg K,O per ha throughout the study. Plants were irrigated when needed, whereas
the foliar fertilization were not applied. During the field experiment, the phenotypic
expression of such agronomic traits as plant vigour, abundance of flowering, yield and
its components were assessed in all tested plants. According to European Council Regu-
lation of 22 October 2007, No 1234/2007 [Official Journal of EU, 2007] the following
fruit size categories i.e.: large (¢ > 25 mm, weight above 10 g), medium (¢ 18-25 mm,
weight 5-10 g), small (¢ < 18 mm, weight below 5 g) were separated from the total fruit
yield. The large and medium fruit categories formed the marketable yield, whereas the
small fruit category formed the non-marketable yield.

The agronomic value of in vitro propagated plants was assessed on the basis of
comparison to conventionally propagated plants. Results were statistically evaluated by
analysis of variance, using Duncan’s multiple range test for determining significant
differences between the means at a level of P = 0.05.

RESULTS

Field-grown plants were evaluated in 2010 (first cycle of experiment) and 2012
(second cycle of experiment) for the expression of agronomic traits. Among them, gen-
erative characteristics i.e. the number of inflorescences and flowers per plant as well as
the number of flowers per inflorescence were assessed (tab. 1). In vitro propagated
plants of cv. ‘Filon’ produced insignificantly more inflorescences than did conventional
plants (CP). While in the second test cycle, the first vegetative progeny of microplants
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(VPM)) formed significantly fewer inflorescences, compared to CP plants. In 2010
micropropagated plants of cv. ‘Teresa’ developed insignificantly more inflorescences
than CP plants, however, in the second cycle of studies, an equal number of inflorescen-
ces in daughter and CP plants was estimated. The number of flowers per plant was in-
significantly higher in microplants of both cvs. ‘Filon’ and ‘Teresa’ when compared to
CP plants, but VPM, of cv. ‘Filon’ developed significantly lower number of flowers per
plant in comparison with CP plants. On the other hand, in VPM; of cv. ‘Teresa’ was
observed an equal number of flowers per plant when compared to CP plants. Micro-
propagated and standard propagated strawberry plants of cv. ‘Filon’ demonstrated no
differences in the number of flowers per inflorescence. Whereas in cv. ‘Teresa’, in the
case of this trait, traditionally propagated plants were significantly superior to in vitro
propagated plants in the first cycle of experiment. In the second one, VPM; of
cv. ‘Teresa’ produced an equal number of flowers per inflorescence in comparison with
CP plants.

Table 1. Differences in the number of inflorescences, flowers per inflorescence and the number
of flowers per plant between micropropagated and conventionally propagated straw-
berry plants of cultivars ‘Filon’ and ‘Teresa’

Number of  Number of ~ Number of

. Year of The origin of plants and differences .
Cultivar - inflorescences flowers per  flowers per
evaluation between them .
per plant plant inflorescence
microplants (M) 18.00 83.00 4.61
2010  conventionally propagated plants (CP) 15.00 78.00 5.20
Fil differences (M-CP) 3.00 ns 5.00 ns -0.59 ns
ilon
vegetative progeny of microplants (VPM,) 12.00 37.00 3.08
2012 conventionally propagated plants (CP) 19.00 54.00 2.84
differences (VPM;-CP) -7.00* -17.00* 0.24 ns
microplants (M) 13.00 90.00 6.92
2010  conventionally propagated plants (CP) 9.00 87.00 9.66
differences (M-CP) 4.00 ns 3.00 ns -2.74%
Teresa - -
vegetative progeny of microplants (VPM;) 10.00 45.00 4.50
2012 conventionally propagated plants (CP) 10.00 45.00 4.50
differences (VPM;-CP) 0.00 ns 0.00 ns 0.00 ns

ns — differences not significant LSD = 5.00, LSD = 15.00, LSD = 1.00
* — differences significant at P = 0.05

In the case of cv. ‘Filon’, microplants (M) as well as their first vegetative progeny
(VPM,)) were characterized by an insignificantly lower mean weight of leaves per plant
in comparison with conventional plants (CP) (tab. 2). Micropropagated plants of
cv. ‘Teresa’ were characterized by higher weight of leaves per plant than the control
plants in both test cycles, but these differences were not significant. In the first cycle of
experiment, microplants of cv. ‘Filon’ produced the insignificantly higher yield when
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compared to CP plants. On the contrary conventional propagated plants yielded insig-
nificantly better than VPM, in the second cycle of studies. The yielding of cv. ‘Teresa’
microplants and their first vegetative progeny was insignificantly higher that produced
by standard propagated plants as was shown in Table 2. In the case of cv. ‘Filon’ differ-
ences in the mean weight of fruit between microplants as well as their VPM, and CP
plants were insignificant. The weight of berries picked from micropropagated plants of
cv. ‘Teresa’ and their vegetative offspring was significantly higher in comparison with
CP plants.

Table 2. Differences in the weight of plant foliage, fruit yield and average weight of fruit
between micropropagated and conventionally propagated strawberry plants of cultivars
‘Filon’ and ‘Teresa’

Mean weight
Cultivar Year of The origin of plants and differences of fresh Yieldper  Mean weight
evaluation between them leaves (F.W.)  plant (g) of fruit (g)
per plant (g)
microplants (M) 76.11 320.74 6.07
2010  conventionally propagated plants (CP) 112.50 278.05 6.64
Fil differences (M-CP) -36.39 ns 42.70 ns -0.57 ns
ilon
vegetative progeny of microplants (VPM,) 71.27 88.17 7.82
2012 conventionally propagated plants (CP) 95.72 170.17 7.54
differences (VPM;-CP) -24.25 ns -82.00 ns 0.33 ns
microplants (M) 166.55 325.44 6.68
2010  conventionally propagated plants (CP) 159.29 251.57 5.09
differences (M-CP) 7.26 ns 73.87 ns 1.59%
Teresa
vegetative progeny of microplants (VPM;) 73.86 126.26 7.51
2012 conventionally propagated plants (CP) 67.32 98.11 5.73
differences (VPM,;-CP) 6.54 ns 28.15ns 1.78%*

ns — differences not significant LSD = 40.20, LSD = 85.30, LSD = 1.07
* — differences significant at P = 0.05

As was shown in Table 3, in 2010 the large fruits collected from in vitro-derived
plants of cv. ‘Filon’ were insignificantly bigger in contrast to control berries of CP
plants. Whereas the mean weight of medium and small fruits was insignificantly higher
in the case of plants conventionally propagated by runners. Such phenomena had dia-
metrically changed in the second cycle of investigations (2012 year). Generally, in all
size categories, fruits collected from microplants (M) of cv. ‘Teresa’ and their progeny
(VPM;) were slightly bigger in comparison with those gathered from conventional
plants (CP). Should be emphasized, that in this cultivar the largest but insignificant
differences occurred in the case of the biggest fruits.
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Table 3. Differences in the mean weight of large (> 10 g), medium (5-10 g) and small (< 5 g)
fruits between micropropagated and conventionally propagated strawberry plants of
cultivars ‘Filon’ and ‘Teresa’

Mean weight Mean weight Mean weight

Cultivar Year (.)f The origin of plants and differences of large fruits of medium of small fruits
evaluation between them .
(@ fruits (g) (@
microplants (M) 12.86 6.37 2.87
2010 conventionally propagated plants (CP) 12.28 6.97 3.30
Fil differences (M-CP) 0.58 ns -0.60 ns -0.43 ns
ilon
vegetative progeny of microplants (VPM;) 13.58 7.68 3.36
2012 conventionally propagated plants (CP) 13.91 7.14 3.21
differences (VPM,-CP) -0.34 ns 0.54 ns 0.15ns
microplants (M) 10.90 6.64 3.40
2010  conventionally propagated plants (CP) 10.67 6.21 3.02
differences (M-CP) 0.23 ns 0.43 ns 0.38 ns
Teresa - -
vegetative progeny of microplants (VPM,) 14.21 6.97 3.47
2012 conventionally propagated plants (CP) 12.94 6.65 3.37
differences (VPM,-CP) 1.27 ns 0.32 ns 0.10 ns

ns — differences not significant LSD = 1.43, LSD = 1.12, LSD = 0.51
* — differences significant at P = 0.05

Table 4. Differences in the percentage of large, medium and small fruits in the yield between
micropropagated and conventionally propagated strawberry plants of cultivars ‘Filon’
and ‘Teresa’

Contribution Contribution Contribution

Cultivar Year (?f The origin of plants and differences of large t“ruits of medium of small fruits
evaluation between them inthe yield fruitsinthe in the yield
(%) yield (%) (%)
microplants (M) 32.12 38.30 25.41
2010  conventionally propagated plants (CP) 42.84 31.32 20.37
Filon differences (M-CP) -10.71 ns 6.97 ns 5.04 ns
vegetative progeny of microplants (VPM;) 32.84 44.71 13.48
2012 conventionally propagated plants (CP) 40.41 37.89 15.09
differences (VPM,-CP) -7.57 ns 6.82 ns -1.61 ns
microplants (M) 29.06 55.85 13.37
2010  conventionally propagated plants (CP) 18.55 46.77 33.08
Teresa differences (M-CP) 10.51 ns 9.08 ns -19.71*
vegetative progeny of microplants (VPM,) 39.40 34.72 16.56
2012 conventionally propagated plants (CP) 14.30 39.40 32.92
differences (VPM,-CP) 25.10* -4.68 ns -16.36*

ns — differences not significant LSD = 13.47, LSD = 11.06, LSD = 10.68
* — differences significant at P = 0.05
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Contribution of large fruits in the yield of conventional propagated plants in
cv. ‘Filon’ was insignificantly higher than in the case of in vitro plants and their vegeta-
tive offspring (tab. 4). It was found an insignificant increase in the proportion of me-
dium fruits in the yield of M and VPM; plants in relation to the CP plants in both rounds
of research. Besides, no significant differences between the contribution of small fruits
in the yield of microplants as well as their VPM, and standard propagated plants in this
cultivar was observed. The yield of advantageous structure was produced by in vitro
derived plants of cv. ‘Teresa’ in both cycles of experiment. Microplants of this cultivar
produced the yield with an insignificantly higher contribution of large fruits, whereas in
their first vegetative progeny a significantly higher contribution of large fruits in the
yield when compared to CP plants was estimated. On the other hand, distinct differ-
ences occurred in this cultivar between tissue culture plants and standard propagated
plants in terms of the percentage of small fruit in the yield. In both series of research the
contribution of small fruits in the yield of M and VPM; plants was significantly lower in
comparison with CP plants.

DISCUSSION

Micropropagation results in uniform batches of plants, which grow, flower and fruit
normally. Although, it can be expected that eventually plants multiplied in vitro will be
equivalent or superior to those propagated by conventional techniques. So, it is of ut-
most importance to assess the field performance of micropropagated plantlets to ensure
their fidelity or superiority to conventional propagated plants. Numerous studies have
been published regarding field behavior of micropropagated strawberry [Boxus et al.
2000, Borkowska 2001, Szczygiet et al. 2002, Litwinczuk 2004]. Such plants more or
less often exhibit characteristics like: leaf-color variants, stem fasciations, intensified
vigor, hyper-runnering, dwarf plants and abnormal flowering (hyper-flowering) accom-
panied by increased production of smaller fruits. In our study micropropagated and
conventionally propagated plants of strawberry cvs. ‘Filon’ and ‘Teresa’ were trans-
ferred to the similar field conditions and growth stage to evaluate for their vigor, flower-
ing and fruiting ability. Presented study revealed a higher agronomic value of plants
obtained directly via micropropagation compared to the conventionally propagated
plants. This phenomenon was particularly evident in cultivar ‘Teresa’ considering the
mean weight of single fruit. Also for the mean weight of leaves per plant and total yield
per plant the same tendency was observed, but differences between micropropagated and
conventional plants were insignificant. It should be emphasized, that these traits were
stable, because they also occurred in the first vegetative progeny of microplants (VPM).

Increased branching and vigorous vegetative growth are often noted in plants pro-
duced through in vitro culture. As was stated by Boxus et al. [2000] tissue culture-
derived strawberry plants grow more vigorously producing more crowns and runners
and increased petiole length, yield per area and number of inflorescences per crown than
conventionally propagated plants. Litwinczuk [2004] compared strawberry plants of cv.
‘Senga Sengana’ obtained in vitro from axillary and adventitious shoots with their run-
ner progeny and with standard runner (control) plants under field conditions. In the
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planting year, in vitro obtained plants developed significantly more crowns and runners
when compared to other groups. Such differences, especially in runners’ number were
not observed in the next two years. In the planting year, all in vitro propagated plants
and about 80% their runner progeny flowered contrary to control. Every year tissue
culture plants developed significantly more inflorescences than other groups studied.
Plants obtained in vitro produced bigger fruits and higher yield than other groups in the
first two years. However, a reduction of berry yield for tissue culture plants in contrast
with control was observed in third year only.

Similar abnormalities in in vitro derived plants were observed in our study. Pre-
sented results revealed the insignificantly higher number of inflorescences per plant as
well as number of flowers per plant in microplants of cv. ‘Filon’ in comparison with
plants propagated through planting of runners. While in the second cycle of investiga-
tion the values of these characteristics were significantly lower in VPM,. This phe-
nomenon may indicate a genetic liability of this trait expression in this cultivar.

Some authors revealed that hyper flowering was appreciable reduced in the first
generation of micropropagated plants obtained traditionally, by runners [Litwinczuk
2004]. Results of the present study confirmed such phenomenon. In cultivar ‘Teresa’
flowering-related traits, such as: numbers of inflorescences per plant, number of flowers
per plant as well as number of flowers per inflorescence were normalized in the first
runner progeny of microplants. Existing differences in these quantitative characteristics
appeared to be epigenetic in nature, i.e., disappearing after the first vegetative multipli-
cation, and were not indicative that mutations had occurred. Yield and its components
are essential, because they constitute one of the most important traits determining an
agronomic value of micropropagated plants. Szczygiet et al. [2002] determined runner
plant production and fruit yield from micropropagated strawberry plantlets, taken di-
rectly from micropropagation and after their first and second reproduction cycles by
runners, in comparison with conventionally propagated plants. The effect of micro-
propagation on fruit yield and quality was usually smaller than on reproduction rate and
was limited mainly to plantlets coming directly from micropropagation; their total yield
was higher than that of standard plantlets only in one cycle, but average fruit size was
usually smaller. Similar results were obtained by Karhu and Hakala [2002]. Due to the
more abundant flowering, but without effect on berry size, microplants of cv. ‘Senga
Sengana’ produced higher marketable crop than runner plants in the first cropping year.
During the second cropping year the larger number of berries led to decreased in berry
size, and no differences in marketable yield between plant types was evident. However,
cropping was equal for both plant types of cv. ‘Zephyr’. Whereas in our study, cultivar
‘Teresa’ produced a yield of advantageous structure; the significantly higher contribu-
tion of large fruits in the yield was observed in VPM,; when compared to CP. Simulta-
neously, in the case of this cultivar, microplants and their vegetative progeny showed
a significantly lower contribution of small fruits in the yield. On the other hand, the
mean weight of fruits in cv. ‘Filon” was not affected by methods of propagation. It fol-
lows that the behaviour of specific characteristics considerably depends on strawberry
cultivars.

At present no single identity verification step exists and laboratories must use
a combination of field evaluation of plant and molecular techniques to check their cul-
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ture systems. A comparative study was conducted by Gantait et al. [2010] based on
morphological parameters as well as genetic assessments. The in vitro generated straw-
berry plants exhibited significantly vigorous morphological growth and earlier flower
induction when compared to the plants propagated through planting of runners. Genetic
analysis showed no polymorphism in banding pattern and thus it was revealed that there
was no significant variation between micropropagated and conventional propagated
plants at molecular level.

In research of Adel El-Sawy [2007], meristem tips of three strawberry cultivars,
namely ‘Chandler’, ‘Sweet Charlie’ and ‘Gaviota’ were excised and cultured for
5 weeks in in vitro conditions. In vitro-derived plantlets and standard propagated plants
were analyzed to detect possible drift in genetic stability of micro-propagated plants. It
was concluded that mass propagation via meristem tip culture is reliable in producing
genetically similar plants to the mother ones.

Stable phenotypic variation in in vitro propagated strawberry plants was clearly ob-
served by Biswas et al. [2009] in the leaf morphology, flower cluster branching and fruit
shape. They were able to co-relate these phenotypic changes with changes in the DNA
banding pattern as differences were observed in the selected three clonal lines. Three of
the stable selections were distinct from each other in terms of fruit and other horticul-
tural characters, and have potential for commercial cultivation.

CONCLUSIONS

Obtained results confirm some of the earlier statements that micropropagation can
be safely recommended for strawberry reproduction. Micropropagated plants of the
cultivars examined produced a high quality yield and grew without appreciable, unde-
sirable alterations in flowering or in yield-forming habit. In general, the agronomic
value of in vitro propagated plants was equal or higher when compared to conventional
plants. However, in our study the different response of cultivars tested to in vitro propa-
gation was exhibited. Differences observed between micropropagated and conventional
plants were probably epigenetic in nature, because they were unstable and disappeared
after the first runner propagation of microplants. This phenomenon was particularly
evident in cv. ‘Teresa’ regarding the flowering related traits. Therefore the success in
applying of meristematic tissue culture in commercial cultivation of strawberry is de-
pendent on the genetic stability of the cultivar and its individual response to in vitro
propagation.

REFERENCES

Adel El-Sawy, M. (2007). Somaclonal variation in micro-propagated strawberry detected at the
molecular level. Int. J. Agric. Biol., 9, 721-725.

Biswas, M.K., Dutt, M., Roy, U.K., Islam, R., Hossain, M. (2009). Development and evaluation
of in vitro somaclonal variation in strawberry for improved horticultural traits. Sci. Hortic.,
122, 409-416.

Hortorum Cultus 14(3) 2015



34 J. Zebrowska, E. Kaczmarska, J. Gawroriski

Borkowska, B. (2001). Morphological and physiological characteristics of micropropagated
strawberry plants rooted in vitro or ex vitro. Sci. Hortic., 89, 195-206.

Boxus, Ph. (1992). Mass production of strawberry and new alternatives for some horticultural
crops. In: Proceedings of the International Symposium on Transplant Production Systems,
21-26 July, Kurata, K., Kozai, T. (eds). Yokohama, Japan, 151-162.

Boxus, Ph., Jemmali, A., Terzi, J.M., Arezki, O. (2000). Drift in genetic stability in micrporopa-
gation: the case of strawberry. Acta Hort., 530, 155-162.

Boxus, Ph., Quoirin, M., Laine, M.J. (1977). Large scale propagation of strawberry plants from
tissue culture. In:. Applied and fundamental aspects of plant cell, tissue and organ culture,
Reinert, J., Bajaj, Y.P.S. (eds.). New York, Springer-Verlag, 130-143.

Debnath, S.C. (2005). Strawberry sepal: another explant for thidiazuron-induced adventitious
shoot regeneration. In Vitro Cell. Dev. PL., 41, 671-676.

Debnath, S.C. (2006). Zeatin overcomes thidiazuron-induced inhibition of shoot elongation and
promotes rooting in strawberry culture in vitro. J. Hortic. Sci. Biotech., 81, 349-354.

Gantait, S., Mandal, N., Das, P.K. (2010). Field performance and molecular evaluation of micro-
propagated strawberry. Rec. Res. Sci. Tech., 2, 12-16.

Graham, J. (2005). Fragaria Strawberry. In: Biotechnology of fruit and nut crops, Litz, R. (ed.).
Biotechnology in Agriculture Series No 29, CAB International, Wallingford, UK, 456-474.
Hammerschlag, F., Garces, S., Koch-Dean, M., Ray, S., Lewers, K., Maas, J., Smith, B. (2006).
In vitro response of strawberry cultivars and regenerants to Colletotrichum acutatum. Plant

Cell Tiss. Org. Cult., 84, 255-261.

Kaeppler, S.M., Kaeppler, H.F., Rhee, Y. (2000). Epigenetic aspect of somaclonal variation in
plants. Plant Mol. Biol., 43, 179—188.

Karhu, S., Hakala, K. (2002). Micropropagated strawberries on the field. Acta Hort., 567,
321-323.

Litwinczuk, W. (2004). Field performance of Senga Sengana strawberry plants (Fragaria %
ananassa Duch.) obtained by runners and in vitro through axillary and adventitious shoots.
Horticulture, EJPAU, 7, 03.

Lucyszyn, N., Quoirin, M., Koehler, H.S., Reicher, F., Sierakowski, M.R. (2006). Agar/galacto-
mannan blends for strawberry (Fragaria * ananassa Duchesne) cv. Pelican micropropagation.
Sci. Hortic., 107, 358-364.

Mabhajan, R., Kaur, R., Shama, A., Shama, D.R. (2001). Micropropagation of strawberry cultivar
Chandler and Fern. Crop Improv., 28, 19-25.

Miguel, C., Marum, L. (2011). An epigenetic view of plant cells cultured in vitro: somaclonal
variation and beyond. J. Exp. Bot., 62, 3713-3725.

Murashige, T., Skoog, F. (1962). A revised medium for rapid growth and bioassays with tobacco
tissue cultures. Physiol Plant., 15, 473—497.

Official Journal of EU (2007). OJ L 299, 16.11.2007, vol. 50, 1-149.

Passey, A.J., Barrett, K.J., James, D.J. (2003). Adventitious shoot regeneration from seven com-
mercial strawberry cultivars (Fragaria x ananassa Duch.) using a range of explant types. Plant
Cell Rep., 21, 397-401.

Sowik, L., Bielenin, A., Michalczuk, L. (2001). In vitro testing of strawberry resistance to Verticil-
lium dahliae and Phytophthora cactorum. Sci. Hort., 88, 31-40.

Szczygiet, A., Pierzga, K., Borkowska, B. (2002). Performance of micropropagated strawberry
plantlets after planting in the field. Acta Hort., 567, 317-320.

Zurawicz, E., Bielenin, A., Lisek, J., Labanowska, B.H., Mochecki, J., Treder, W. (2005). Meto-
dyka integrowanej produkcji truskawek. Plantpress. Krakow

Acta Sci. Pol.



Comparative studies on the agronomic value of in vitro and conventionally propagated... 35

ANALIZA POROWNAWCZA WARTOSCI UZYTKOWEJ ROSLIN
TRUSKAWKI (Fragaria x ananassa Duch.) UZYSKANYCH IN VITRO
ORAZ METODA KONWENCJONALNA

Streszczenie. Z reguly rosliny uzyskane w wyniku propagacji in vitro rosna, kwitng i plo-
nuja prawidlowo, jednakze fenotypowe zmiany czgsto obserwowane w uprawie polowej
uroslin truskawki pochodzacych z kultur tkankowych moga wplywaé na ich wartos¢
agronomiczng. Bardzo wazna jest wigc ocena wiernosci takich roslin w stosunku do uzy-
skanych metoda konwencjonalng. W przeprowadzonych badaniach oszacowano wartos§é
uzytkowa roslin truskawki odmian ‘Filon’ i ‘Teresa’ uzyskanych w kulturze in vitro oraz
ich pierwszego wegetatywnego potomstwa, porownujac je z roslinami uzyskanymi kon-
wencjonalnie. W obserwacjach polowych oceniono takie cechy agronomiczne, jak wigor
ro$lin, obfito$¢ kwitnienia oraz komponenty plonowania. Uzyskane wyniki wykazaty r6z-
ng polowa reakcje¢ testowanych odmian na propagacje in vitro. Pomimo obserwowanych
w ocenie polowej fenotypowych zmian u ro$lin uzyskanych in vitro, ich agronomiczna
warto$¢ utrzymywata si¢ na tym samym lub wyzszym poziomie w poréwnaniu z roslina-
mi konwencjonalnymi. Podsumowujac, nalezy stwierdzi¢, iz metoda rozmnazania in vitro
moze by¢ bezpiecznie stosowana do reprodukcji tych odmian truskawki.

Stowa kluczowe: mikrorozmnazanie, mikroro$liny, jednolito$¢ fenotypowa, sadzonki roz-
togowe, kultura tkankowa
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