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Abstract.

Aims. The information analysis on the gene expression of self-incompatibility in
apple (Malus domestica Borkh.) and pear (Pyrus communis L.) cultivars and the
generalization with our research results on overcoming self-incompatibility by pollen
mutagenic treatments were determined to be the aim of this article. Methods. The
studies of the controlled geitonogamy were conducted at the orchards of the National
Dendrological Park “Sofiyivka” of the NAS of Ukraine (NDP “Sofiyivka”) and the
Uman National University of Horticulture (UNUH). The experiments were
performed on 10- to 20-year-old apple trees Golden Delicious’, ‘Zymove lymonne’,
‘Cortland’ and ‘Slava Peremozhcyam’, as well as pear trees ‘Bere Desiatova’ and
‘Clapp's Favorite’. Castrated flowers of these cultivars were pollinated with pollen
from other flowers of the same tree, i.e. geitonogamy was performed (one of the
variants of inbred pollination), and also a number of variants of geitonogamy by
mature pollen preliminarily treated with gamma rays in doses of 5; 20 and 50 gray
(Gy) and chemical mutagens vapours: nitrosodimethylurea (NDMU—50 mg per
desiccator; dimethyl sulfate (DMS) and ethylene oxide (EO)—both 12 drops per ten-
litre sealed desiccators. The statistical analyses were carried out using the methods of
Ronald Fisher. Results. The efficiency of the mutagens used for increasing the
percentage of fruit set and seeds per fruit was confirmed in most variants of the
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experiments with apple (M. domestica) and pear (P. communis). We assumed that
after geitonogamous pollination by many mutagenized pollen grains with mutant and
non-mutant alleles of the S-gene, the inhibition in the stigma and/or in the ovary
mainly may show for pollen grains without mutant alleles of the S-gene. Analysis of
the fruit set showed that in all variants with mutagens, the fruit set and also the
number of seeds per fruit significantly exceeded variants of "geitonogamy without
mutagens”. It also was revealed that the average fruit set and the average number of
seeds per fruit in apple cultivars were much higher than in pear cultivars.
Conclusions Studies have shown that treatment of apple and pear pollen with
mutagens promotes fruit setting and the number of seeds per fruit in geitonogamous
pollination, possibly due to the natural selection of mutant microspores by the egg
apparatus of the female gametophyte and the germination inhibition of non-mutant
pollen. The technique of geitonogamous pollination by pollen pre-treated with
gamma rays and chemical mutagens for obtaining an inbred generation can be
recommended for apple and pear breeding, and also deserves to be studied in other
cultivated plants with self-incompatibility genes.

Key words: apple tree, hermaphrodite plants, gametophytic self-incompatibility,
geitonogamy, gene expression, pear tree, artificial pollination, pomaceous, S-alleles.
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Pegepar.

Mema. Anani3 iHpopMallii MO0 eKcrpecii TeHIB CAaMOHECYMICHOCTI Y COPTIB
somyni (Malus domestica Borkh.) # rpyri (Pyrus communis L.) Ta y3araabHeHHS ii 3
pe3yibTaTaMu  HAIUX JOCTIIPKEHh MOXJIMBOCTEH BUKOPUCTaHHS MYTareHHOT
OOpOOKM MHWJIKY s TMOJOJIaHHS CaMOHECYMICHOCTI OyJI0 BH3HAUYE€HO METOIO
BUKOHaHOi pobotu. Mamepianu i memoou. JIOCIIPKEHHS KOHTPOJIHOBAHOT
redToHoramii TPOBOJAWIIM B IUIOJOBUX cajax HaiioHaabHOro JIEHIPOJIOTIYHOTO
napky «CodiiBkay HAH VYkpainm (HIAII «CodiiBka») Ta YMaHCBKOTro
HauioHanbHOro yHiBepcutery caaiBHunTBa (YHYC) na 10-20-piunux nepeBax
s6myni coptiB ‘Tommen J[lemimec’, ‘3umoe numonne’, ‘Koptmana’ 1 ‘CnaBa
[TepemoxusiM’, a Takox copTiB rpymn ‘bepe JecsaroBa’ i ‘Ymobnena Kiamma’.
KacTtpoBaHi KBITKM IIUX COPTIB 3alWJIIOBAJIU MHJIKOM 3 IHIIUX KBITOK TOTO CaMOTO
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nepeBa, TOOTO TPOBOAWIM TelTOHOramiro (OAWMH 13 BapiaHTIB 1HOPEIHOTO
3aMUJICHHs), a TaKOXX BHUKOHYBAJIHM PAJ BaplaHTIB TeHTOHOramii 3puUTUM MHIKOM,
MoTepeTHb0 00poOIeHNM raMmMa-TipoMeHsiMH B fo3ax 5; 20 1 50 rpeit (I'p) Ta mapamu
XIMiYHUX MyTareHiB: HiTpozoauMmeTwmicedoBuH (NDMU — 50 mr Ha excukarop;
mumetuwicyiasdary (DMS) 1 etmnenokcun (EO) — oOumgBa mo 12 kpamens Ha
ACCATWIITPOBUNA TepMETUUYHUN eKcukaTtop. CTaTUCTUYHMI aHaii3 MPOBOAMIINA 32
Ponanbnom ®imepom. Pesynsmamu ma 062060openns. EQeKTUBHICTS BUKOPUCTAHHS
MyTareHiB JUIS TMIiJBUILCHHS BIJICOTKA 3aB’s3yBaHHS IUIOMIB 1 HACIHHA Ha IUIA
HiATBEpAMIIacs B OUIBIIOCTI BapiaHTIB gociaiB 3 soaynero (M. domestica) i rpymeio
(P. communis). Ile mano mifcTaBu MPHUITYyCTHTH, IO 32 TeHTOHOTAMHOTO 3aITUJICHHS
OararbMa OOpOOJIEHMMH MyTareéHaMyd MWIKOBUMHU 3€pHAMH 3 MYTaHTHUMH 1
HEMYTaHTHUMH aJleJIIMU S-TeHy 1HT10yBaHHS Ha NMPUKUMOUIll Ta/a00 B 3aB’sI31 MOXeE
IPOSIBIISATUCS TEPEBAKHO JUISl MWJIKOBUX 3€peH 0€3 MyTaHTHUX aJieled S-TeHy.
AHami3 3aB'd3yBaHHS IUIOJIB I[I0Ka3aB, IO Yy BCIX BaplaHTax 3 MyTareHaMmu
3aB'I3yBaHHS, a TAKOXX KUJIbKICTh HACIHWMH y TUIOJI 3HAYHO NEPEBUIIYBAINA BapiaHTH
«retoHoraMii 0e3 MyTareHiB». TakoX BHSBICHO, IO CEpEIHS 3aB’s3yBaHICTb
IJIOJIIB 1 CepeAHs KUIbKICTh HACIHMH Ha IUIIJT Y COPTIB s0ayH1 OyJM 3HAYHO BUILHMMH,
HDK y COpTIB rpyun. Bucnoexku. JlocmipKeHHS 3acBIQUHIIA, 0 OOpoOKa MHIKY
A0yHI Ta Trpyll MyTareHamMHu CIHpHsija 3aB’SI3yBAHHIO IUIOMIB 1 30UIBIICHHIO
KUIBKOCT1 HACIHUH Ha IUILJ MPU FeUTOHOTaMHOMY 3alMWJIEHHI. MOXJIMBO, BHACIIAOK
IPUPOJHOTO J000pPY MYTaHTHMX MIKpPOCIIOp amapaToM SHLEKIITUHU >KIHOYOTO
rametodita ¥ 1HriOyBaHHS MPOPOCTAHHA HEMYTAaHTHOTO TWJIKY. TexHika
reMTOHOTaMHOTO 3alWJICHHS MONEPEeIHbO OOpOOJEHUM TaMMa-IPOMEHSIMH Ta
XIMIYHUMU MyTareHaMmH TMUJIKOM JUIsl OTPUMaHHS 1HOPEIHOTO TTOKOJIIHHS, MOXKEe OyTH
PEKOMEHIOBaHa JJIsl CeJIeKIii SI0IyHI Ta TPYII, a TAKOXK 3aCIyrOBy€ HA BUBYCHHS HA
IHIIMX KYJIbTUBOBAHUX POCIMHAX 3 F€HAMH CAMOHECYMICHOCTI.

Knrouosi cnosa: a0nyns, repmadpoaUTHI POCIUHUA, TaMeTO(iTHA CAMOHECYMICHICTb,
relToHoramisi, eKCIpecisi TeHiB, rpylia, MTYYHE 3aICHHS, 3epHITKOBI, S-aJedi.

Introduction. The apple (Malus Mill.) and pear (Pyrus L.) are pomaceous fruit
tree genera of the Rosaceae family (Bell & Itai, 2011; Engler, 1903; Ignatov &
Bodishevskaya, 2011; Quinet & Wesel, 2019). Both genera belong to the subtribe
Malinae Rev., tribe Maleae Small, of the big subfamily Amygdaloideae Arn., which
combines the former subfamilies Amygdaloideae, Spiraeoideae C. Agardh and
Pomoideae Focke, =Maloideae Weber (Li et al., 2019; Opalko et al., 2016; Postman,
2019; Turland et al., 2018).

In nature, Malus and Pyrus plants are allogamous and entomophilous, but their
cultivars reproduce by the diverse methods of asexual vegetative propagation, usually
by grafting, mainly by budding (Chandler, 1957). Therefore, apple and pear cultivars
in orchards consist of clones, i.e., genetically identical individuals (ramets). The
vegetative propagation allows the elite commercial cultivars to remain for many years
in industrial orchards (Migicovsky et al., 2021). The majority of Malus and Pyrus
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cultivars are diploid (2n=34). However, some triploids and tetraploids exist (Bell &
Itai, 2011; Kellerhals, 2009; Phillips et al., 2016).

The scientific name of apple cultivars listed in the State Register of plant
varieties suitable for dissemination in Ukraine in 2021 is Malus domestica Borkh.,
with synonyms Purus malus L. and Malus communus Lam. (Apple, 2021);
respectively, of pear cultivars—Pyrus communis L., with synonyms Pyrus pyraster
Borkh., Pyrus sativa Koch, Pyrus achras Gaertn., and Pyrus domestica Medic. (Pear,
2021).

The production efficiency of apple and pear fruits, as well as horticulture in
general, is determined by cultivar potentials and technologies. That is, cultivars can
be considered one of the principal means of apple and pear fruit production.
Therefore, the crop capacity and adaptability of cultivars, as well as any other means
of production, need to be continuously improved. Different methods of breeding are
practiced in horticultural crop improvement. The fruit crops are long-lived perennials
and are mostly tall, woody plants, so some specific problems arise in their breeding.
(Hanke & Flachowsky, 2012). So, the horticultural crops have a long juvenile phase,
which is characterized, apart from their habitus and some morphological properties,
by a greater readiness to form adventitious roots and an inability to form flowers,
fruits, and seeds (Doorenbos, 1965; Brewer & Palmer, 2011). The length of the
juvenile phase under conventional natural conditions for apple and pear fruits extends
from at least 6 years to 12 or more years (Nocker & Gardiner, 2014). The juvenile
phase prolongation (with easy rooting) is necessitated for vegetative propagation by
stem cuttings (rooting a severed stem of the parent plant) and layering (covering
stems or runners with soil to cause adventitious roots). In contrast, horticultural crop
breeders, on the other hand, attempt to accelerate the onset of the adult phase to
obtain seeds and seedlings (Doorenbos, 1965; Migicovsky et al., 2021).

To this must be added the time needed to grow a progeny and for estimation of
large populations of fruit tree seedlings to maturity, perhaps another above five years.
Other physiological problems which retard the progress of fruit improvement include
self-incompatibility, polyploidy, and parthenocarpy (Mullins, 2006).

The adult trees develop flower buds with the stage of blossoms. The apple and
pear flower structures are similar to those of most allogamous plants. Their flowers
are hermaphroditic, with enough pollen and nectar for insects to land on them; hence,
they are adapted to pollination by insects (entomophily). Flower pollination starts
when the flowers open. Despite the apple and pear flowers are hermaphroditic their
cross-pollination is ensured by the gametophytic self-incompatibility system. The
gametophytic self-incompatibility is controlled by multiple alleles of the same gene,
which in these plants have been situated at a single chromosomal locus and generally
result in delayed pollen tube growth following self-pollination, but inhibition of
pollen tube growth may show in the stigma or in the ovary (Sedgley, 1994).

Malus and Pyrus flowers are similar, but arrangements of florets and flowering
sequences in their inflorescence are different. The Malus inflorescence (cyme) is
basipetal (centrifugal), terminal flowers evolve more rapidly than lateral flowers;
with flowers development, and opening from the apex towards the base; instead,
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Pyrus corymbs are acropetal (centripetal), with development, maturation, or opening
of flowers from the side-lateral (base) toward the terminal flowers (Cronk, 2009; Gur,
1985).

The breeders in creating new cultivars of apple and pear as traditional source
material for clonal selection until recently used chiefly existing genotypes. Clonal
selection is the most simplistic approach to the development of improved cultivars of
asexually propagated horticultural species (Acquaah, 2012). Therefore, their cultivars
are selected mainly as the vegetative progeny of chance seedlings or as a result of the
asexual propagation of spontaneous somatic mutations. For artificial clonal selection
for new cultivars of apple and pear development, are also used the intraspecific,
interspecific, and intergeneric hybrids as a source of starting materials. The artificial
crosses of selected parents are one of the principal techniques of maximum genetic
variability induction and production of superior recombinant genotypes that combine
the desirable characteristics of the parents (Bertan et al., 2007; Orton, 2019a,c). The
analysis of second-generation hybrid populations aims to a selection of seedlings with
desirable traits, individuals which are characterized by the presence of identical
recessive allele pairs, hitherto it is almost not used in apple-tree and pear-tree
breeding (Opalko et al., 2005). The point is that because of the inbreeding depression
and gametophytic self-incompatibility (Brown, 2003; Del Duca et al., 2019; Orton,
2019c; Sattar et al., 2021) in M. domestica and P. communis cultivars the fertilization
and fruit set are restricted in the self-pollination condition. Some authors recommend
the use in the capacity of second-generation hybrids of seedlings grown from seeds
obtained from free pollination of flowers of first-generation hybrids. However, such
progeny cannot be considered second-generation in the genetic sense, but only of the
new first-generation obtained from pollination of the hybrid individual flowers by
pollen of numerous unknown male parents (Opalko & Zaplichko, 1981).

The method has not yet become widespread due to the above difficulties
(Brown, 2003; Mullins, 2006; Orton, 2019c), although the possibility of using
controlled inbreeding to obtain a second-hybrid generation in perennial woody plants
to create new source material already was reported in publications of the 1930-s.
Ukrainian scientists returned to the practical use of controlled inbreeding (in an
improved version) in the 1980-s. The essence of the improvement was the induction
of genetic diversity at self-incompatibility alleles in the pollen-grain populations used
for artificial self-pollination, by mutagenesis induced (Opalko & Zaplichko, 1981).

Since apple and pear cultivars are mostly clones, which are reproduced on
rootstocks, each cultivar-clone, obtained by vegetative propagation of a hybrid
seedling or mutant, consists of individuals identical in genotype and with almost
equal homogeneous phenotype and economically valuable characteristics. Such
identity can be disrupted by somatic mutations, a small proportion of the best of
which can be deliberately propagated by breeders, and plants carrying mutant genes
that control the expression of desired traits can become the progenitors of new
cultivars-clones created by clonal selection. However, if a mutation arises in one from
many cells within a multicellular organism, and the mutated and unmutated cells
simultaneously propagate by mitosis, then they give to a chimera (a plant composed
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of tissue containing two or more genetically distinct cell types). From the chimeric
tissue, one or more wholly mutated buds may develop into an independent,
completely mutant stem (Lamo et al., 2017). In addition, the vast majority of somatic
mutations are harmful or even baneful for plant vitality and adaptability and reduce
the quality of horticultural crops, so their carriers are not used by nursery laborers for
cultivars' vegetative propagation in the horticultural nursery.

The plants of apple and pear cultivars are heterozygous, and their main
economically valuable characteristics are controlled polygenically. This makes it
necessary to create a large amount of source material for selection since there are
very few forms with the desired characteristics in the population of breeding
seedlings. In particular, according to America's most famous horticultural breeder,
Luther Burbank (1849-1926), at least 20,000 seedlings are needed to produce a new
improved cultivar with the desired characteristics. He recommended rigorous
rejection of worse breeding material in the early stages of breeding work, leaving one
or two of the most promising seedlings. It can be said that Luther Burbank intuitively
followed the modern rationale of plant breeding still more than a hundred years ago
(Janick, 2015).

The results of the practical work of modern breeders show that the probability of
obtaining a cultivar from the original populations in fruit and berry crops is low and
does not exceed 0.3-0.5% of the total number of hybrid or mutant seedlings within
the populations studied. Thus, a breeder needs much arable land to grow several
thousand garden seedlings for testing offspring in a breeding nursery and breeding
garden. The cultivation of such large areas and the care of breeding orchards require a
lot of labor and energy resources. Therefore, the search for opportunities to
significantly reduce the amount of work in the early stages of the breeding process, as
well as reducing the generation cycles of improved plants, is among the most
important tasks of breeding major horticultural crops (Opalko et al., 2005).

That is why, to reduce the amount of work at the stages of growing and testing
hybrid seedlings and at the early stage of identification and selection of mutant
clones, we have developed a novel breeding approach to the woody horticultural
crops for the improvement of apple and pear cultivars. At the stage of creating the
starting material for clonal selection in the proposed breeding scheme, individual
elements of inbreeding in the form of geitonogamy (Snow et al., 1996) were
combined with elements of mutational breeding. According to this scheme, a
significant reduction in the volume of work in the early stages of the breeding process
was to be achieved through the use of self-incompatibility mechanisms for the para-
natural selection of mutant pollen grains at the pistil receptacle during their
germination. The working hypothesis towards controlled geitonogamy experiments
was the assumption that the penetrance of S-alleles, typical for M. domestica and
P. communis cultivars, can be modified when used for inbreeding pollen from the
same plant, but pre-treated with mutagens (Opalko & Zaplichko, 1981; Opalko et al.,
2005). The M. domestica and P.communis flowers are hermaphroditic, and their
cross-fertilization (allogamy) is provided by gametophytic self-incompatibility, in
which any of the pollen grains with an S-allele present will not produce a pollen tube
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in the pistil, and consequently, they will not fecundate the ovule with an even S-allele
present. Such self-incompatibility phenomena are determined by the pollen haploid
(gametophytic) genome exposed only after the pollen grain’s germination (Bisi et al.,
2019; Del Duca et al., 2019; Fujii et al., 2016; Hoebee et al., 2012). A pollen tube
with an S-allele (self or foreign) that matches one of the two S-alleles contained by
the pistil is rejected (Franceschi et al., 2012). Provided that the pollen donor and the
pollen recipient share both S-alleles at the self-incompatibility locus (e.g., SiS; X
$1S,), all pollen will be rejected and no fertilization occurs. On the contrary, if they
have different S-genotypes, that is, share no S-allele (e.g., SiS, x S3S4 or the pollen
recipient with some allele S,), the cross is fully compatible independently of
dominance effects among S-alleles (Hoebee et al., 2012).

It is fairly obvious that any new S-alleles (e.g., Sy) can arise by mutation (Abe
et al.,, 2023; Claessen et al.,, 2019) and by genome editing and cisgenesis
(Domenichini et al., 2023). Therefore, we applied pollen mutagenic treatment to
induce S-allele diversity in M. domestica and P.communis pollen grains. It is
assumed that self-compatibility could be attained after novel mutations in S-alleles
have arisen. However, the display of self-compatibility after pollen mutagenic
treatment may be the result of both genetic and physiological effects. Genetic effects
may be due to mutations in S-genes and/or some gene modifiers that inhibit the S-
alleles of the self-incompatibility gene. Instead, physiological effects are obvious in
the stimulation of pollen tube formation and their subsequent growth stimulated by
the influence of mutagen-modified enzyme systems in the actual pollen grain
(pseudo-self-compatibility). Although physiological changes are not inherited, they
can promote fruit and seed set as well as improve the quality of seeds during inbred
(geitonogamous) pollination. For the selection of pollen grains activated by
mutagenic treatment, elements of natural selection (para-natural selection) can be
used when only pollen-grains activated germinate on the stigma (Opalko &
Zaplichko, 1981; Opalko et al., 2005). This article is devoted to the study of the
possibilities of obtaining inbred generation of apple and pear cultivars by pollination
with own (collected from the flowers of the same plant) pollen, pre-treated with
gamma-rays and chemical mutagens in the “gaseous phase".

Materials and Methodology. The studies of the controlled geitonogamy were
performed at the apple and pear orchards of the National Dendrological Park
“Sofiyivka” of the NAS of Ukraine and the Uman National University of
Horticulture. The experience orchards are located in the Uman’-Man’kivka area of
the Central Pre-Dnipro Upland of the East European plain of the Podilsk-
Prydniprovsk area of the Forest-Steppe Zone of Ukraine. This area is in central
Ukraine, in the southwest of the Cherkasy region. It is in the basin of the South Bug
River at the junction of two small rivers, Kamyanka and Umanka (Gerasymenko et
al., 2007). This area is localized in the Atlantic continental climatic region, which
determines its climate as temperate-continental, relatively warm, with a positive
mean annual air temperature of +7.0°C to +7.7°C. The area is characterized by
unstable humidification and considerable temperature fluctuations. January is the
coldest month. The average January air temperature ranges from -5.6°C to -6.1°C. An
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absolute minimum of air temperature reaches -34°C (January 9, 1987). During
winter, there are frequent thaws, which can often last for more than 5 days; in some
years, the number of days with a thaw reaches 75. A frost-free period with a daily
mean air temperature above +5°C continues on average for 205-210 days (Lipinsky
et al., 2003).

According to long-term data from the Uman meteorological station, the
average annual rainfall is 633 mm. During the year, both during long-term
observations and in the years of research, more precipitation fell during its warm
period. However, in some years the maximum and minimum amounts of precipitation
may be observed in other months.

Our Malus collection consists of approximately 60 species and intraspecific
taxa, including 40 taxonomic units of ornamental crabapples. The Pyrus collection
covers more than 60 species and about ten intraspecific taxa, without seedlings of our
breeding (Opalko et al., 2020).

The experiments were performed on fruiting 10-20-year-old apple trees ‘Golden
Delicious’, ‘Zymove lymonne’, ‘Cortland’ and ‘Slava Peremozhcyam’, as well as
pear trees ‘Bere Desiatova’ and ‘Clapp's Favorite’(=‘Uliublena Klappa“). Castrated
flowers of these cultivars were pollinated with pollen from other flowers of the same
tree, that is, geitonogamy was performed (one of the variants of inbred pollination),
and also a series of variants of geitonogamy by mature pollen preliminarily treated
with gamma rays in doses of 5; 20, and 50 gray (Gy) and chemical mutagens in the
"gaseous phase™ (Kushi et al., 1983) during 72 hours of exposure was done. That
treatment duration is long enough to permit infusion of the mutagen to pollen grains.
Treatment of pollen with chemical mutagen vapors was performed in ten-liter sealed
desiccators, in which open tubes with pollen and mutagens were placed:
nitrosodimethylurea (NDMU) — 50 mg per desiccator; dimethyl sulfate (DMS) and
ethylene oxide (EO) — both 12 drops per desiccator. The statistical analysis and the
calculation of the least significant differences (LSDgs) between the experimental data
were carried out by the methods of Ronald Aylmer Fisher (Fisher, 2006).

Results and Discussion. The mutagens’ efficiency was confirmed in most
variants of the experiment with apple (M. domestica). In the control variants (open
pollination), the studied apple cultivars had an average of 13.00-27.93% of fruits, in
which an average of 6.48-15.44 seeds were formed. 3.60-7.30% of fruits were
formed from geitonogamy by untreated mutagen pollen in apple trees. The result of
fruit set in M domestica cultivars analysis showed the dependence of this indicator on
the genotype. Although in all variants with mutagens, the fruit and seed set
significantly exceeded variants of "geitonogamy without mutagen treatment™ (table 1)
the data received give not the possibility to determine unequivocally patterns of
influence of the mutagen treatments and gamma-radiation dose for fruit and seed set.
Instead, the rate of seed attachment depended on both genotype and gamma-ray dose
and the form of chemical mutagens. For example, ‘Zymove lymonne’ failed to obtain
seeds in the geitonogamy without mutagen treatment variant, while ‘Golden
Delicious’, ‘Cortland’ and ‘Slava Peremozhcyam’ budded an average of 2.67 to 3.75
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seeds per fruit. In mutagenic variants, 2.28-7.04 seeds per fruit were formed in all
cultivars.
Table 1. Average apple (Malus domestica) cultivars fruit set and an average
number of seeds per one fruit with geitonogamy by pollen mutagens treated

Average fruit set, % Average number of seeds per fruit
3 3
0] -~ 0] -
- > g~ - N > (= o)
Treatment é 2 %E R % g é 2 gg k> % =
S8 |me-| 838 g S8 |lwe-| 8% =
NE|IVS | T3 S | NE |5 | Y% S
- = 5 = ) o 5 © A )
o o

Open pollination

13.00 18.44 27.93 12.48 6.48 15.44 10.30 10.15
(control)

Geitonogamy

without mutagen | 3.60 2.74 7.30 1.55 0 2.67 2.99 3.75
treatment

Gamsmé‘;ays’ 500 | 400 | 1471 | 814 | 239 | 317 | 543 | 6.19

20 Gy 390 | 546 | 1410 | 807 | 300 | 417 | 639 | 7.02

50 Gy 370 | 466 | 1329 | 597 | 381 | 495 | 670 | 6.10

NDMU 451 | 486 | 1562 | 481 | 283 | 612 | 605 | 7.04

DMS 439 | 587 | 1430 | 327 | 369 | 840 | 671 | 6.69

EO 410 | 533 | 1240 | 320 | 228 | 580 | 552 | 6.16

LSDos 014 | 029 | 108 | 011 | 012 | 027 | 031 | 038

Indicators of apple cultivar seed germination with geitonogamy by pollen
mutagens treated depended on genotype, dose, and type of mutagen (table 2). In the
experimental variants with geitonogamy without mutagen treatment, the average
percentage of seed germination of ‘Cortland’ and ‘Slava Peremozhcyam’ was about
60, but ‘Golden Delicious’ had only about 30. The best irradiation variant for
‘Zymove lymonne’ and ‘Cortland’ was a dose of 5, for ‘Slava Peremozhcyam’ — 20,
and for ‘Golden Delicious — 50 Gy. Among the chemical mutagens,
nitrosodimethylurea and dimethyl sulfate were preferred, while ethylene oxide
reduced the germination of geitonogamous seeds of all cultivars.

Seedling survival depended more on genotype than on mutagen. The highest
percentage of viable seedlings came from ‘Golden Delicious’, slightly less from
‘Slava Peremozhcyam’ and ‘Zymove lymonne’, while from ‘Cortland’ twice fewer
seedlings survived than from ‘Golden Delicious’.

In all variants with mutagens, various morphological changes were observed
both directly in the year of treatment and in the following years. Along with normal
seeds, there were seeds one and a half-times or two times smaller, although well-
filled and quite germinable, as well as large seeds of modified shape (spherical,
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ribbed, hilly) and paired seeds — "twins". The frequency of such variations increased
In variants with gamma-rays (doses of 20 and 50 Gy) and chemical mutagens.

Table 2. Average seed germination and seedling survival percentage in apple
(Malus domestica) cultivars with geitonogamy and pollen mutagens treatment

Seed germination, % Seedling survival, %
o % O %
- > = " - > = .
Treatment é 2| E2| 23 i é 2 o 3% i
5 8 7 o S5 < S 7 o -5 <
NE| S5 P35 S| VE| -5 P55 S
-2 5 ° A . -2 S| A )
[a [a
Open
pollination | 69.03 | 79.14 | 43.46 | 63.97 | 4867 | 5652 | 53.09 | 33.33
(control)
Geitonogamy
without | 6035 | 2076 | 5801 | — 3829 | 40.00 | 30.19
mutagen
treatment
GamSmg;ayS’ 38.80 | 36.25 | 2462 | 68.05 | 39.12 | 36.60 | 53.96 | 29.67
20 Gy 2397 | 3922 | 2062 | 36.66 | 21.65 | 31.80 | 3333 | 18.21
50 Gy 2330 | 2854 | 31.49 | 5043 | 18.69 | 27.20 | 39.74 | 1465
NDMU 5281 | 2179 | 59.14 | 4958 | 3666 | 4161 | 51.03 | 21.66
DMS 5000 | 29.77 | 50.43 | 34.40 | 3003 | 4014 | 49.66 | 16.33
EO 1670 | 2991 | 19.89 | 1750 | 2821 | 3465 | 2203 | 18.09
LSDos 533 | 344 | 317 | 391 | 696 3.14 366 | 2.03

From geitonogamous seedlings ‘Cortland’ and ‘Slava Peremozhcyam’ in
dimethylsulfate variants, individual tricotyledonous seedlings (with tree cotyledons)
were obtained each year, from which normal plants were subsequently formed, the
same as from dicotyledonous seedlings. Such changes have obviously the nature of
morphoses, phenocopies, and other non-hereditary modifications. Chlorophyll
mutations occurred in all variants. In some cases, plants with chlorophyll defects
were stored until the age of one year. In seedlings of cultivars and forms with known
pedigrees, which grew from seeds obtained from geitonogamy with both mutagen-
treated pollen and from geitonogamy untreated mutagen pollen, signs of ancestral
forms were observed in new combinations.

Most of these forms, including those with economically valuable characteristics,
appeared in ‘Slava Peremozhcyam’ and ‘Golden Delicious’. So ‘Slava
Peremozhcyam’ which is characterized by light green fruits with a solid, elegant red,
blurred blush, is a cultivar selected from progeny of crossing between the popular
early summer season apple cultivar ‘Papirovka’ (female parent) and the late-autumnal
cultivar, the national apple of Canada, ‘Mclntosh’ (male parent). In the geitonogamy-

ISSN: 2707-3114 Journal of Native and Alien Plant Studies 19, 2023 138



mutant (NDMU treated) generation ‘Slava Peremozhcyam’ a seedling with snow-
white fruits as in ‘Papirovka’ was selected, but the fruit shape of this heterogamous-
mutant seedling was similar to the fruits of ‘Slava Peremozhcyam’ and had a
wonderful aroma from ‘Mclntosh’.

Experiments with pear (P. communis) also confirmed the effectiveness of the
mutagens used in most variants of the experiment (table 3). In the variant of
geitonogamy without mutagen treatment, in ‘Bere Desiatova’ an average of 0.84% of
fruits were set, but all of them were seedless. In the variant of gamma rays at a dose
of 5 Gy, the number of fruits was almost half compared to geitonogamy without the
gamma irradiation variant, and as in the previous variant, all fruits were seedless.
Within ‘Clapp's Favorite’, on the other hand, in the geitonogamy without mutagen
treatment variant, almost as many fruits as in ‘Bere Desiatova’ appeared, but they had
an average of 2.02 seeds, which is a little, but enough to produce descendants.
Irradiation of ‘Clapp's Favorite’ pollen with gamma rays at a dose of 5 Gy ensured
seed germination of 5.70%, which significantly exceeded that of the open pollination
control variant.

Table 3. Average pear (Pyrus communis L.) cultivars fruit set and an average
number of seeds per one fruit with geitonogamy by pollen mutagens treated

Average fruit set, % Average number of seeds per fruit
Treatment “Clapp' ‘Clapp'
‘Bere Desiatova’ app S, ‘Bere Desiatova’ C app s’
Favorite Favorite
Open pollination 5.94 4.09 3.20 4.11
(control)
Geitonogamy
without mutagen 0.84 0.75 0 2.02
treatment
Gamma rays, 0.48 5.70 0 5.50
5 Gy
20 Gy 3.43 0.97 8.16 8.50
50 Gy 4.36 1.25 9.33 8.06
NDMU 0.83 1.47 5.00 7.85
DMS 1.43 1.22 5.31 7.97
EO 1.24 1.66 4.46 5.12
LSDos 0.21 0.17 0.23 0.24

Further study of mutant-inbred generations of pear cultivars made it possible to
select several economically valuable mutations, among which were seedlings with
limited growth (dwarf and semi-dwarf trees), altered fruit color, taste, and different
terms of maturity.

The comparison of apple (M. domestica) and pear (P communis) cultivars
studied on the indicators of fruit and seed germs (see tables 1 and 3) showed that the
average fruit set and an average number of seeds per one fruit of apple cultivars was
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much higher than in pear cultivars. Usually, even during open pollination, most of the
studied apple cultivars budded about 10 seeds per fruit, although in the fruits of some
cultivars, such as ‘Slava Peremozhcyam’, 12 to 20 seeds or more were formed
annually, and in ‘Zymove lymonne’ three times less (4—7 seeds per one fruit).
Instead, the studied pear cultivars in the control variants (with free pollination) tied
an average of 4.09-5.94% of fruits, which develop an average of 3.20—4.11 seeds, in
other words, the indicators of pear cultivars were 4-5 times lower (by fruit) and 3-4
times lower (by seeds).

Such an advantage of apple was observed in open pollination variants;
geitonogamy without mutagen treatment; and in most variants of geitonogamy by
pollen mutagen treated. This difference can be explained by diversities in the
structure of apple and pear inflorescence, as well as the sequence of anthesis. So, the
apple inflorescence is a cyme of 4-6 flowers, and where individual flowers bloom
begins with a terminal flower, then the basal lateral flower and the rest of the flowers
bloom (Pratt, 1988). This is a basipetal type of inflorescence development. Instead,
according to our observations, pear cultivars are more characterized by an acropetal
order of flowering, i.e., the lower flower is the first to open in the inflorescence.
Large basal flowers more often set the fruit than smaller ones located higher in the
cyme. Terminal flowers also develop few fruits, although they can be pretty large.

The capacity for the apple and pear flowers to set fruit and to seeds per fruit can
be explained by the physiological balance between flowers within the inflorescence
(Lauri & Térouanne, 1999). The percentage of the average fruit set was calculated as
the ratio of the number of ripe fruits to the number of flowers in the inflorescence.
Therefore, in multi-flowered inflorescence with the same number of ripe fruits, the
percentage of the average fruit set will always be lower, as well as the number of
seeds. In addition, the number of ripe fruits in the inflorescence, as well as on the
tree, very much depends on the growing conditions not only in the harvesting year
but also on the conditions of the previous year, when the laying and differentiation of
flower buds. The number of ripe fruits in the inflorescence, as well as on the tree, is
also determined by the characteristics of individual cultivars.

Conclusions. The fact of an increasing percentage of seed set, resulting from
geitonogamy pollen, pre-treated with gamma-rays and chemical mutagens, can be
explained from physiological-biochemical and genetic-mutational positions and,
accordingly, explain the emergence of generation with new characteristics (relative to
the original mother plant). In the case of stimulation, such neoplasms can be mainly
considered to be a result of cleavage of a heterozygous maternal individual, whereas,
among the neoplasms in variants treated with mutagens, both mutations and cleavage
results may occur. In fact, the inbreeding itself can also be an inducer of the mutation
process, especially in self-incompatible self-fertilization, and affect the frequency and
spectrum of neoplasms. Therefore, geitonogamy with pollen pre-treated with
mutagens can be used to produce an inbred generation of such self-incompatible
species as M. domestica Borkh. and to induce genetic variability. Finally, the
technique of obtaining an inbred generation of apple and pear cultivars by pollination
with their pollen, pre-treated with gamma-rays and chemical mutagens in the
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"gaseous phase" can be recommended for apple (M. domestica Borkh.) and pear
(P. communis L.) breeding, and also deserves to be studied on other cultivated plants
with self-incompatibility genes.
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