https://doi.org/10.26898/0370-8799-2021-3-7 Tun crareu: 0030pHast
VIK: 631.527:634.75 Type of article: review

MPOAYKTUBHOCTH 3EMJISSHUKH CAZIOBOM U CEJIEKIITUOHHBIE
BO3MOKHOCTHU EE NIOBBILIEHUSA

(<) Mapuenxo JI.A.

Dedepanbhblil HAYUHbBII CENeKYUOHHO-MEXHONOSULECKULL YEHM]P
€ca00600Ccmea U NUMOMHUKOBOOCMEA
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(<) e-mail: Lamarch@yandex.ru

Ha ocHoBe uTepaTypHbIX HCTOYHUKOB 00OOIICHBI CBEJCHUS O MIPU3HAKE TPOJAYKTUBHOCTH 3E€M-
JISTHUKY CafoBo# Fragaria % ananassa (Duchesne ex Weston) Duchesne ex Rozier. [Ipu3snak mpo-
JYKTUBHOCTH HMMEET CJIOXKHBIM MOJUIeHHBIH Xapakrep. HezaBucuMoe HaciieOBaHHE OTICIbHBIX
KOMIIOHEHTOB TIPOJYKTHBHOCTH TIO3BOJISIET MOJCIMPOBATh ONTUMAILHOE MX COYETAHHE B HOBOM
copre. B ocHOBe co31aHUsT BEICOKOTPOAYKTHBHBIX COPTOB 3EMJISIHUKU CAJIOBOM JIC)KUT BHYTPHBH-
JIOBasi THOpUIM3AIIMsS. YCTaHOBIICHHAS TIOJIOKUTEIBbHAS KOPPEISIUS MEXK/Yy Pa3MEpOM SITOJ ¥ YPO-
JKAeM CBHJICTEIICTBYET O BO3MOXKHOCTH TIOBBIIICHUS IPOyKTHBHOCTH COPTOB IIyTEM UCIIOJIb30Ba-
HUS KPYITHOIUIOAHBIX (hopM B cenekinu. Ha coBpeMeHHOM 3Tarie B pa3InyHbIX 30HaX CaJ0BOJCTRA
HCCIIEIOBATEIN BEIICIAIOT KPYITHOIIOMHBIC COPTa OTEUECTBEHHOM ceekuuu: ‘Atmac’, ‘beperuns’,
‘Butsasp’, ‘I'penana’, ‘3abemunckas’, ‘Kemms’, ‘Hame ITommockoBre’, ‘Hemmm’, ‘IlepBokitaccHU-
na’, ‘Pycuw’, ‘Conneunas Ilonsnka’, ‘ConoBymika’, ‘@ectuBanbHasi Pomamika’, ‘@pykroBas’,
‘Hapuma’, ‘SInonka’, u 3apyoexHou cenekmuu: ‘Alba’, ‘Asia’, ‘Elsanta’, ‘Finesse’, ‘Florense’,
“Vivaldi’, ‘Galia’, ‘Jive’, ‘Joly’, ‘M. Champion’, ‘Merced’, ‘Murano’, ‘Onda’, ‘Roxana’, ‘Rumba’,
‘Tarda Vicoda’, ‘Vima Kimberly’, ‘Vima Tarda’, ‘Vima Rina’, ‘Vima Xima’. OTmMe4eHa BO3MOXK-
HOCTh JIOCTHOKCHHS T€TEPO3UCHOr0 3(PpdeKTa 1Mo Nmpru3HaKy MPOIYKTUBHOCTH IPU HCIIOIb30BaHUU
MeTOo[a HHOPHIUHIA B CEIEKIMH. MEeTO TeHeTHUCCKUX MOTU(DHUKALIMA PACTCHHI UMEET OOJIBbIIOE
3HAUCHHE JJISI CENICKIMH CIOKHBIX KOJMYCCTBEHHBIX MPU3HAKOB MPOIYKTUBHOCTH, BKIIOUAIOIINX
ypokaliHOCTh. Pacimpenue reHeTnyeckoii 0a3bl 3eMIISTHUKHU CaJ{0BOM 3a CYET OKTOILIOUHBIX U TI0-
JUIUIOUTHBIX (DOPM JIMKUX BHJIOB 00SCIICUUT YBEIMYCHUE TPOAYKTUBHOCTH HOBBIX COPTOB OJ1aroia-
PS BKJIFOUCHHUIO B TEHOTHUIT ITPU3HAKOB aJalITUBHOCTH K OMOTHYECKUM U a0MOTHUECKUM (PaKTOPaM.
Hcnonp30BaHre COBPEMEHHBIX METOJIOB MCCJICI0BAHNN (CKPUHUHI METa00JIOMHOIO U OMOXHUMHYE-
ckoro npodwis, JTHK-nacnopruzanus, MOJIEKYIIpHOE MapKUPOBAHHUE) MOBBIIIAET OOBEKTHBHOCTh
HCCIeoBaHui U 3)(HEKTUBHOCTH CENEKIIMOHHOTO MpoIiecca.
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The information on the productivity trait of garden strawberry Fragaria x ananassa (Duchesne ex
Weston) Duchesne ex Rozier has been summarized on the basis of literary sources. The productivity
trait has a complex polygenic character. Independent inheritance of individual productivity
components allows modeling their optimal combination in a new variety. The creation of highly
productive varieties of strawberries is based on intraspecific hybridization. The established positive
correlation between the size of berries and the yield indicates the possibility of increasing the
productivity of varieties by using large-fruited forms in breeding. At present, in various zones
of horticulture, researchers distinguish large-fruited varieties of domestic breeding: °Atlas’,
‘Bereginya’, ‘Vityaz’, ‘Grenada’, ‘Zabelinskaya’, ‘Kemiya’, ‘Nashe Podmoscovie’, ‘Nelly’,
‘Pervoklassnitsa’, ‘Rusich’, ‘Solnechnaya Polyanka’, ‘Solovushka’, ‘Festivalnaya Romashka’,
‘Fruktovaya’, ‘Tsaritsa’, ‘Yaponka’, and foreign breeding: ‘Alba’, ‘Asia’, ‘Elsanta’, ‘Finesse’,
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‘Florense’, ‘Vivaldi’, ‘Galia’, ‘Jive’, ‘Joly’, ‘M. Champion’, ‘Merced’, ‘Murano’, ‘Onda’, ‘Roxana’,
‘Rumba’, ‘Tarda Vicoda’, ‘Vima Kimberly’, ‘Vima Tarda’, ‘Vima Rina’, ‘Vima Xima’. It was noted
that when using the inbreeding method, it is possible to achieve a heterotic effect on the basis of the
productivity trait. The method of genetic modifications of plants is of great importance for breeding
of complex quantitative traits of productivity, including yield. Expansion of the genetic base of
garden strawberry by means of octoploid and polyploid forms of wild species will ensure an increase
in the productivity of new varieties due to the inclusion of traits of adaptability to biotic and abiotic
factors in the genotype. The use of modern research methods (screening of the metabolomic and
biochemical profile, DNA certification, molecular labeling) increases the objectivity of research and

the efficiency of the breeding process.
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Garden strawberry is the most widespread berry
crop in the world production. Its popularity is due
to the high economic efficiency of cultivation, con-
sumer demand, and the rich biochemical composi-
tion of fruits [1].

In 2019, 8.9 million tons of strawberries were
produced in the world. The production leaders are
China (3.21 million tons), the USA (1.02 million
tons), Mexico (0.86 million tons), Turkey (0.47 mil-
lion tons), Egypt (0.46 million tons). Russia ranks
seventh in the world rating of producers - 0.21 mil-
lion tonnes were produced in 2019'.

The profitability of cultivation of garden straw-
berries is determined by the ratio of many factors,
of which the most important at present is the yield
[2].

The yield of a variety depends on the productiv-
ity potential inherent in the genotype, as well as on
many external factors that affect its manifestation
and the possibility of implementation in specific
conditions [3, 4].

Increasing productivity in modern conditions is
one of the main tasks of all breeding programs, re-
gardless of the conditions of the zone for which the
variety is being developed [5, 6].

The purpose of the research is to summarize
information about the productivity trait in garden
strawberries on the basis of domestic and foreign
literary sources analysis to identify ways to increase
the priority trait at the present stage of breeding de-
velopment.

A sign of productivity, the components of produc-
tivity in garden strawberries. In biology productivity
refers to the amount of biomass produced per unit
of time?. Plant productivity in relation to agricultur-
al fruit crops is the yield per plant’. Ultimately, the
yield of the variety depends on the productivity - the
amount of products obtained from a unit of area. The
productivity of a plant is determined by its genotype
and environmental conditions that influence the dis-
closure of the potential of a particular plant, variety
[2, 3, 7]. The level of manifestation of the productiv-
ity trait in strawberry cultivars depends on the type of
fruiting (short daylight cultivars, fall-bearing types,
neutral day cultivars) and cultivation technologies
(controlled conditions, open ground) [8—12].

The following components of productivity are
distinguished in garden strawberry: the number of
horns (shortened annual shoots), the number of pe-
duncles, flowers, the number and weight of fruits

'FAO. FAOSTAT— Food and Agriculture Organization Corporate Statistical Database. [accessed May 13, 2021] URL: http: //

www.fao.org/faostat/en/#data/QC (accessed May 13, 2021).

Biological dictionary on-line //http://bioword.ru/B/B178.htm (accessed: 04/29/2021).
*Kudryavets R.P. Encyclopedic Dictionary of the Gardener / ed. I. M. Kulikov. Moscow: Ed. House of SMEs, 2007. 605 p.
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per plant** [13]. Moreover, the components are spe-
cific for each variety. The number of fruits per plant
and their average weight are of decisive importance
[14]. Currently, varieties that are capable of produc-
ing 500-600 g of berries and more per bush are con-
sidered highly productive [15, 16].

With an optimal combination of productivity
components, the number of flowers and ovaries on
one peduncle is of great importance. Among the
existing variety of the assortment, varieties with
a large, medium and small number of flowers and
ovaries on a peduncle stand out. Moreover, the more
flowers and ovaries on one peduncle, the less the
average weight of berries, as a rule. The number of
peduncles per bush more than 10 in the second year
of planting characterizes the variety as potentially
highly productive [17, 18]. A large number of pe-
duncles in strawberry plants can be caused both by
the formation of many peduncles on a small number
of horns, and by a large number of horns with sev-
eral peduncles on each [19].

In most strawberry varieties, the first berry is
much larger than the rest, which is a biological fea-
ture and is explained by the structure of the pedun-
cle [20]. Considering the independent nature of the
inheritance of individual components of productiv-
ity (the number of horns, the number of peduncles,
the number of flowers and ovaries, the weight of the
fruit), it is possible to identify donor forms of a high
level of these traits (both individually and in combi-
nation) and include them in the breeding process as
initial parent forms. In order to identify the optimal
combination of productivity components in a new
variety during the development of a breeding pro-
gram, a model of the future variety is theoretically
substantiated, which serves as the basis for subse-
quent selection in hybrid offspring® [21].

Selection of garden strawberry for high produc-
tivity. Among industrial berry crops, strawberry is
one of the youngest domesticated plants [22]. The
modern cultivated strawberry (Fragaria x ananassa)
is the result of an accidental hybridization between
Fragaria virginiana Mill. and Fragaria chiloensis
(L.) Mill. in the 18th century. [23]. Interest in straw-
berries as an agricultural crop increased with the de-

velopment of agricultural technologies, the process-
ing industry, and the identification of the nutritional
and dietary value of fruits. Professional researchers
replaced amateur breeders from the beginning of
the XX century. [24]. The high ecological plasticity
of garden strawberry plants contributed to the rapid
spread of the crop to various ecological-geographi-
cal zones and to the increased demand of producers
for high-yielding varieties.

The creation of highly productive varieties of
garden strawberry is based on the traditional meth-
od - intraspecific hybridization. The tasks of re-
search in the implementation of breeding programs
are to identify the mechanisms of inheritance of the
studied traits, to develop methods for accelerating
the breeding process and managing it. With the help
of modern research methods, including biochemi-
cal, metabolomic analysis, genetic screening, DNA
marking of traits, it was possible to significantly in-
crease the objectivity of the assessment of both the
initial material for selection and the resulting hybrid
populations. The use of statistical methods for data
analysis makes it possible to predict the breeding
process and increase its efficiency. Attracting large-
fruited varieties in the breeding process is the most
frequently used method of increasing productivity
in strawberries. The established positive correlation
between the size of berries and productivity in gar-
den strawberries indicates the possibility of breed-
ing for high productivity by using large-fruited
forms [25]. It is effective to cross large-fruited va-
rieties with each other to increase large-fruitedness
[26, 27]. Large-fruited varieties include varieties
with an average berry weight of 9-12 g or more’.
In the studies of V.I. Lapshin and V.V. Yakovenko
[28], studying the coefficients of heritability h2 of
the large-fruited trait for parental strawberry variet-
ies, a high relationship between genotype and phe-
notype in the variability of the trait and pronounced
additive genetic effects was established.

Such method of breeding for high productivity
is inbreeding. However, this method has not found
wide application due to the length and complexity
of the process. At the same time, positive results
were obtained - a heterotic effect was achieved in

*Zubov A.A. Genetic characteristics and selection of strawberries (guidelines). Michurinsk, 1990.81 p.

SA.A. Zubov, LV. Popova Strawberry breeding. Program and methodology for breeding fruit, berry and nut crops / under the
general editorship of E.N. Sedova. Oryol: VNIISPK; 1995.S. 387-416.

*Gorelikova O.A. Improvement of the assortment of garden strawberries for intensive cultivation technologies in the Krasnodar
Territory: PhD in agriculture. Krasnodar: FGBNU SKZNIISVV; 2017.

’Shokaeva D.B., Zubov A.A. Wild strawberries, garden strawberries, zemklunika. Program and methodology for the variety study
of fruit, berry and nut crops / under the general editorship of. E.N. Sedova, T.P. Ogoltsova. Oryol: VNIISPK, 1999.S. 417-443.
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terms of productivity when crossing inbred seed-
lings (see footnote 4).

The rate of creation of new varieties of straw-
berries is quite high. Currently, there are about 15
thousand varieties, lines and forms in the world®. A
comprehensive study of the genetic resources of the
species Fragaria x ananassa has led to the fact that
in recent years breeders have paid attention to the
need to expand its genetic base [29]. In this regard,
distant hybridization is of particular importance.
Hybridization of pineapple strawberry varieties
with forms of other octoploid species has the great-
est effect [30].

At the present stage, instrumental research meth-
ods are widely integrated into selection. Molecular
markers are actively used to identify DNA polymor-
phism, genetic diversity, and population structure
of the germplasm set in Fragaria X ananassa [31].
Polygenic inheritance of economically valuable
traits in Fragaria x ananassa (2n = 56) complicates
the implementation of genetic control when plan-
ning breeding programs (see footnote 4). For selec-
tion based on characters with complex polygenic
control, the method of genomic selection is effec-
tive, eliminating the need for many years of genetic
research preceding the selection process [32].

Genetic modifications of plants, involving the
insertion of genes for the transfer of certain traits
that are not found in nature in a given species, are
used for selection for resistance to abiotic and biotic
factors. However, this technique currently has lim-
ited application for the selection of complex quan-
titative traits, which includes yield [33]. No high
yielding varieties have been created by molecular
methods alone [34].

The manifestation of potential productivity due
to the genotype of the variety is significantly influ-
enced by abiotic and biotic factors, technologies and
methods of growing crops. In this regard, standards
of high productivity are distinguished for various
production zones. According to domestic research-
ers, currently in the Krasnodar Territory the most
productive varieties are: ‘Nelly’ (1725.8 g / bush);
“Vivaldi’, ‘Rumba’, ‘Joly’, ‘Jive’ (1044.7 g / bush)
[16]. High productivity in combination with large
fruit, density of berry pulp and the amount of sug-

ars in this zone of horticulture are found in the fol-
lowing varieties: 'Vima Tarda', 'Onda’, 'Vima Xima',
'Florense', 'Tarda Vicoda', 'Galia', 'Kemiya' , 'Nelly'
[6]. According to the results of the assessment of
biological productivity, the following varieties are
considered the most productive in the Oryol region:
'Alba' (346 g / bush), 'Asia' (435), 'Tsaritsa' (463),
'Solovushka' (959 g / bush) [13]. In the conditions
of the Central Black Earth Region of the Russian
Federation, varieties are distinguished for high pro-
ductivity in combination with other economically
valuable traits: '/Roxana’ (up to 675 g/ bush), 'Alba’,
'Vima Kimberly', 'Elsanta’ (up to 540), ' Vima Rina
"' Florence '(486-513 g / bush) [35]. For the Non-
Chernozem zone, the following are distinguished as
the most productive varieties: 'Bereginya' (690.9 g/
bush), 'Our Podmoskovye' (527.0), 'Rusich' (501.8),
'Solovushka' (467.5), 'Vityaz' (437.6 g/ bush) [36].
The most productive varieties in the forest-steppe
conditions of the Altai Territory are: 'Zabelinskaya'
(up to 580 g/ bush), 'First-grader' (up to 769), 'Sol-
nechnaya Polyanka' (up to 602), 'Festivalnaya Dai-
sy' (up to 583 g/ bush) [ 37]. In the conditions of the
Kamchatka Territory, varieties with high productiv-
ity potential have been identified: ‘Japanese’, ‘First-
grader’, ‘Atlas’, ‘Fruit’, ‘Grenada’ (308.0-869.4 g/
bush) [38].

Scientists from Brazil, based on the results of
studying nine new varieties, identified the most
productive ones: ‘Merced’ (453—-547 g / bush) and
‘Camarosa’ (434-537 g / bush) [39]. The new Eu-
ropean variety 'Rendezvous' is capable of produc-
ing up to 1300 g of fruits per plant [40]. According
to East Malling researchers, the following varieties
are highly productive: ‘Murano’ (613 g/ bush), ‘M.
Champion " (747), 'Finesse' (854 g/ bush)’.

The role of breeding in increasing the productiv-
ity of garden strawberries is obvious, since back in
the 1980s. varieties with a yield of 250-350 g / bush
(‘Festivalnaya’, ‘Komsomolskaya Pravda’, ‘Zarya’,
‘Purple’, ‘Generous’, ‘Pennant’, etc.) were classi-
fied as highly productive '°.

Independent inheritance of traits - productivity
components - in garden strawberry allows selection
according to the planned parameters of the combi-
nation of components.

$Global Conservation Strategy for Fragaria (Strawberry). Rye. K.E. Hummer. Scripta Horticulturae. 2008. URL: https://www.
ishs.org/scripta-horticulturae/global-conservation-strategy-fragaria-strawberry.

°SF96a — East Malling Strawberry Breeding Club [E-resource]. — Annual report 2019-20.URL: https://ahdb.org.uk/sf-096a-

east-malling-strawberry-breeding-club-emsbc.

0yarkova K.T., Filosofova T.P., Zubov A.A., Rorova L.V., Konstantinova A.F., Kopan K.N., Kopan V.A., Kirtbaya E.K.
Strawberry breeding. Program and methodology for breeding fruit, berry and nut crops / under the general editorship of G.A.

Lobanov. Michurinsk: VNIIS, 1980. pp. 278-318.
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Expansion of the genetic base of Fragaria X
ananassa with the involvement of other octoploid
species and polyploid forms of wild species pro-
vides a further increase in productivity in new vari-
eties due to the realization of the potential due to
the inclusion of traits of adaptability to biotic and
abiotic factors in the genotype.

The widespread involvement of modern meth-
ods of studying the phenotype and genotype
(screening of the metabolomic and biochemical
profile, DNA certification, molecular labeling)
contributes to increasing the objectivity of re-
search and the efficiency of the breeding process.
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