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Pe3tome. Cpean mUTPYCOBBIX KYJIBTYp B cyOTponuyeckoil 3oHe UepHomopckoro nodepexbsi KpacHomapckoro kpask MOKHO
BbIpanBarh Tobko Mannapunsl (Citrus reticulata Blanco var. unshiu Tan.). Pacmmupennio HacaXJeHHH NPENsTCTBYeT MX
ciabasi 3MMOCTOHKOCTD, ITOTOMY Iepe/l CeJICKIIMOHepaMy CTOUT 3ajada CO3JaHus HOBBIX (pOpM MaHIapHHA, MAKCHMAaJIbHO
MIPACTIOCOOJICHHBIX K O3KCTPEMalbHBIM KIMMATHUECKHM YyCIOBUSIM pernoHa. Co3maHue Takux (OpM BO3MOXKHO C
WCTIOJIb30BAaHNEM OTJANCHHOW TuOpuamsanmu. lleneHanpaBieHHas OTHAJCHHAs THOpHIW3alus II03BOJSIET IIepe/iaBaTh
CBOWCTBa OJHOTO poOJia WJIM BHJA APYroMY, YTO IPHUBOJUT K (EHOTUIHMYECKOMY M TE€HOTHIIMYECKOMY H3MEHEHHIO B
rHOPUHOM MTOTOMCTBE. B cTaThe moauepKuBaeTcst BAYKHOCTh OTJAJICHHBIX CKpEIIMBaHUN. YKa3aHo, 4yTo B 1995-2019 rr. s
CO3JIaHMsl HOBOrO TMOpWAHOrO (OHAA IPOBEICHBl CKPELIMBAaHHUs OTAAJCHHBIC, HACBIIIAIONINE W MEXTHOPHIHBIC.
[IpencraBiens! pe3ynbrarbl oT 19 kKoMOWMHanmMil CKpelmmBaHWs C HCIoNb3oBaHMEM Poncirus trifoliata Raf. m rubpunos,
KOTOpBIE MOJYYEHBI C Y4acTHEM IaHHOTO POja, a Takke copoauded nutpycosbix: C.Xinsitorum, C.Xcitrangeqwat n poaa
Fortunella Sw. VI3 naHHBIX KOMOWHAIWA CKPEUIMBAHUN OTOOpPAHBI MEPCIIEKTHBHEIC ()OPMBI C pAaHHHUM CPOKOM CO3PECBaHHS
mwionoB (I mexama oxtsiOps): FOMP-97; FOKP-22; KKP-27; KKP-22; MPKP-97-25; MPKP-97-25-1; KPMP-25-97, ¢ 6onee
no3nauM co3peBanueM (II nexama okrsiops): KBU-1, KBU-3, IOU-12. Ot dopmsl nonyuyenst ¢ yuactuem C. insitorum.
Taroke BbIeNeHbI THOPHIBI ¢ TIO3AHUM cpokoM co3peBanus: KPF-25; KPF-22; MPF-97; 1IKP-25; IOL-8 — ot komOuHaiwmii ¢
yuactueMm Fortunella margarita m C.Xcitrangeqwat B KadecTBe omnbutuTened. OT HACBIIAIOMIMX ¥ MEKTHOPHIIHBIX
CKpPEIIMBAaHHU BBIJICIICHBI IEPCIIEKTUBHBIC (OPMBI MaHJapHHA C TTOJIOKHUTEIBHBIMH NTPU3HAKAMH, TAKMMHU KaK PaHHECIEIOCTb,
CpeaHsisl Macca IJI00B, BHICOKAs JIETyCTAIlMOHHAs OlleHKa. HanOonbIIyio ceIeKInOHHYI0 IEHHOCTh TPEJICTABISIIOT THOPHU/IBL,
MOJy4YEeHHBIE C YYacTHEM CaMOTr0 MOPO30CTOHKOTO COpPOAWYa LUTPYCOBBIX Poncirus trifoliata, ogHako B 3THX CEMBSX
otobpano ot 5,0 % mo 6,25 % mepCHeKTHBHBIX 00pa3ioB. Bce GpopMBI UMEIOT CENEKIIMOHHYIO0 IEHHOCTh IS JaibHeiIei
PaboTHI IO CO3JaHUIO 3MMOCTOHKHX COPTOB MaHAApUHA.

KiaroueBblecsi0Ba: IUTPYCOBEIC, MAHIAPWH, CEJICKINS, OTIAICHHBIC CKPEIINBAaHUs, THOPHUIB, TPH3HAKH, CBOWCTBA,
3UMO CTOMKO CTh

Features and properties of tangerine hybrids derived from distant

hybridization (Citrus var. unshiu x Poncirus trifoliata)
R. V. Kulyan

FederalResearch Center “Subtropical Scientifi ¢ Center of the Russian Academy of Sciences”, Sochi, Russia

Abstract. Among citrus crops in the subtropical zone of the of the Russian Federation Black Sea coast of Krasnodar Territory,
only tangerines can be grown (Citrus reticulata Blanco var. unshiu Tan.). The expansion of planting is hindered by poor winter
hardiness, that’s why breeders are faced with a task of creating new forms of mandarin that are maximally adapted to the
extreme climatic conditions of the region. By using of a distant hybridisation it is possible to create such forms. Purposeful
distant hybridization allows transferring the properties of one genus to another, which is leading to phenotypic and genotypic
changes in hybrid generation. The article emphasizes the importance of distant hybridization. For the period 1995-2019,
distant, recurrent and inter-hybrid hybridizations were carried out to create a new hybrid fund. The results of 19 combinations
of crossing by using Poncirus trifoliata Raf., and hybrids which were obtained with the participation of this genus, as well
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as hybrid species: C. xinsitorum, C.*citrangeqwa and the genus Fortunella Sw. Expanded forms were selected for further
breeding with an early term of fruit ripening (I decade of October): YuMR-97; YuKR-22; KKR-27; KKR-22; MRKR-97-25;
MRKR-97-25-1; KRMR-25-97, with later ripening (II decade of October: KVI-1, KVI-3, Yul-12 received with C. insitorum.
Also with late maturity hybrids were revealed: KPF-25; KPF-22; MPF-97; TsKR-25; YuTs-8 with the immixture of
Fortunella margarita and C. citrangeqwat. From recurrent and inter-hybrid hybridization were marked out promising forms
of mandarin with positive features such as early ripening, average fruit mass and a high tasting assessment. The greatest
breeding value is represented by hybrids derived with the immixture of the most frost-resistant ccongeners of the citrus
Poncirus trifoliata, however, from 5.0 % to 6.25 % of promising samples were selected in these families. All forms have
breeding value for further work on creating winter hardiness varieties of mandarin.

Keywords: citrus fruits, mandarin, breeding, distant hybridization , hybrids, features, properties, winter hardiness

Introduction
The humid subtropical zone of the Krasnodar Territory is
favorable for the cultivation of heat-loving subtropical crops,
including citrus plants. However, Russia's subtropics
represent the northernmost limit of the citrus growing range.
Consequently, cultivating them in this zone entails specific
characteristics that must be taken into account during
breeding work.
A limiting factor for citrus cultivation on Russia’s Black Sea
coast is the plants' low tolerance for freezing temperatures.
Plantings suffer significant damage from recurring winters
characterized by prolonged periods of low temperatures. On
average, a severe winter occurs every 8—10 years, during
which freezing temperatures cause plant mortality [1].
Consequently, the primary focus of citrus breeding—
particularly for mandarins—is the development of varieties
and forms resistant to extreme cold during dormancy, as
well as low-growing plants that mature early and produce
fruit of high commercial and gustatory quality.
This can be achieved through distant hybridization.
Incorporating wild and semi-wild relatives—such as P.
trifoliata Raf., C. x citrangequat, C. X insitorum, as well as
C. ichangensis Sw. and Fortunella Sw.—into breeding
programs makes it possible to develop forms that are more
winter-hardy and resistant to biotic and abiotic
environmental factors [2-5]. These relatives possess unique
traits such as high winter hardiness, a deciduous habit, and a
deep dormancy period.
The ability to utilize the gene pool of wild relatives and
distant hybrids held in the collections of research institutions
and botanical gardens is of great importance for addressing
complex breeding challenges [6—8]. Distant hybridization
enables the transfer of beneficial traits and resistance genes to
hybrid forms [9]. Thus, the aim of this study is to develop
winter-hardy, low-growing, and early-maturing mandarin
cultivars with enhanced adaptability to the extreme conditions
of the Black Sea coast subtropics.

Research Materials and Methods
Mandarin seedlings derived from 19 intergeneric crosses, as
well as selected promising hybrids, were used as research
material. The studies were conducted...
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Results and Discussion

Given the low winter hardiness of citrus crops and the climatic
conditions of the subtropical zone of the Krasnodar Territory,
a priority task for breeders is to find ways and develop
methods to enhance this trait.
Addressing this issue involves navigating the complex
biological characteristics of citrus and other evergreen plants.
They lack a clearly defined dormancy period and exhibit
multiple growth flushes. The continuity of physiological and
biochemical processes is incompatible with frost resistance
[13, 14]. During winter, when temperatures exceed +10°C,
citrus plants—particularly those in the orange group—begin
to show signs of vegetative activity, which can lead to serious
damage. Consequently, intergeneric hybridization is of great
interest, as related species possess a pronounced winter
dormancy period and limited growth flushes (one or two),
with shoot maturation concluding by October. In distant
hybridization, gene recombination between genera or species
has induced significant genotypic changes. This has created
opportunities to develop new forms that combine traits and
properties from various species—such as enhanced winter
hardiness, immunity to diseases and pests, high yield, early
maturity, and compact growth habits. Thus, the challenge of

addressed
by
trifoliata Raf. and previously developed Poncirus-derived

winter hardiness can be through distant

hybridization—specifically incorporating  Poncirus
intergeneric hybrids into the breeding program. Such crosses
offer the potential to produce new mandarin cultivar types
with superior adaptability compared to existing varieties, a
crucial factor for the continued development of citrus
cultivation in the humid subtropical zone of the Krasnodar

Territory.

Between 1995 and 2019, 53 crossing combinations were
performed; 19 of these involved P. trifoliata Raf. and hybrids
derived from that genus. Cultivars of Citrus var. unshiu were
used as the maternal parent. Crosses involving Fortunella Sw.
were also carried out.
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As part of the mandarin breeding program to develop new, -Fortunella Sw., C. X citrangequat, C. x insitorum, and
high-yielding, early-maturing forms resistant to previously developed distantly related forms. These
environmental stressors—and, above all, possessing enhanced hybrids are characterized by deep winter dormancy and
winter hardiness—the following types of crosses were fruits without bitter essential oil.

performed using (Citrus var. unshiu): distant hybridization, The juvenile period of citrus crops is significantly longer

backcrossing, and inter-hybrid crossing. The use of the wild than that of other fruit plants, lasting 15-20 years, which
relative Poncirus trifoliata Raf. in hybridization makes it
possible to produce hybrids with high winter hardiness.

Backcrossing and inter-hybrid crossing lead to reduced winter

creates certain difficulties in breeding.
The influence of the studied factor "crossing

. . . . bination" on th iability of the " ber of
hardiness but improved fruit quality. A number of complex combination” ofl the varlabtiity of the “number o

hybrids have been obtained between- seedlings" trait was determined (Table 1).

Ta0muua 1. KoauyecTBo 0T00pOB, NOJIy4eHHBIX B Pe3y/1bTaTe LeJeHANPABICHHBIX cKpemuBanuii (1995-2019 rr.)
Table 1. The number of selections obtained as a result of targeted crossing (1995-2019)

Quantity Number of

[
of 2-5-year-old seedlings samples Selected forms, %

Cross-breeding combination

Distant crosses

Kowano-Wase x P. trifoliata 32 2 6,25
Miyagawa Wase x P. trifoliata 31 2 6,4
TMuonep-80 x P. trifoliata 30 2 6,6
O6uneitnsnii X P. trifoliata 20 1 5,0
112=96,39 96,34 %* 94,93 %*
(Fp=46,82>F1=18,10) (F$=32,78>F1=18,10)
Back-crosses
Kowano-Wase x KP-22 Kowano- 34 4 11,8
Wase x KP-27 Kowano-Wase X 18 4 23,1
MP-97 Miyagawa Wase x KP-27 22 3 13,6
Miyagawa Wase x C. X insitorum 18 2 11,1
IO6uneinpIi X KP-22 38 4 10,7
TO6unenmIi X MP-97 9 2 22,2
FOGuneiinsiit x C. X citrangequat 11 2 18,2
IO6uneinpii x C. X insitorum 22 3 15,8
KP-25 x C. x citrangequat 19 3 13,6
112 =98,61% 15 4 26,6
98,61 %* 99,9 %*
(Fp=157,53<F1=439,26) (Fp=2180,4>F1=439,26)
Interhybrid crosses
MP-97x KP-25 19 3 15,8
KP-25 xMP-97 27 3 11,1
KP-25 x Fortunella margarita 27 2 7,4
KP-22 x Fortunella margarita 28 2 7,4
MP-97% Fortunella margarita 27 2 7,4
12 -98.67% 98,66 %* 98,81 %*
(Fp=184,67<F1=329,22) (Fp=1310,5>F1=329,22)

[Tpumeuanne: I]2 — Bxitax B 00IIyI0 AUCTIEPCHUIO, WM CHJIa BIHUSHUS (hakTopa, %; F — kpurepunit Ouiepa; *3HaueHus p-KpUTepus,
MPEBBIIAIOMNE CTaHAapTHBIe It 1 %-Horo ypoBHS 3HaunMocTH (p<01)

Remark: I]2 is the contribution in the general dispersion or the power of factor infl uence, F is the Fisher criterion; *p-test values
exceding standart for one percent signfi icance level (p<01)

[pumeuanue. KP-22; KP-27; KP-25 (‘Kowano-Wase’ x P. trifoliata); MP-97 (‘Miyagawa Wase’ x P. trifoliata); C. X citrangequat
(P. trifoliata * C. sinensis) x Fortunella; C. x insitorum (P. trifoliata * C. sinensis)

Remark. KP-22; KP-27; KP-25 (‘Kowano-Wase’ x P. trifoliata); MP-97 (‘Miyagawa Wase’ x P. trifoliata); C. % citrangequat
(P. trifoliata x C. sinensis) x Fortunella; C. X insitorum (P. trifoliata x C. sinensis)

13



P. B. KynaH
R. V. Kulyan

Mpu3HaKy 1 CBOMCTBA rMBPUAOB MaHAAPMHA, NONYYEHHBIX OT OTAaNeHHbIX ckpewmsanuii (Citrus var. unshiu = P. trifoliata)
Featuresandpropertiesof tangerinehybridsderivedfrom distanthybridization(Citrus var.unshiu x Poncirus trifoliata)

At the same time, the share of influence for each of the three
types of the selected combinations amounted to 96.34%
(distant crosses), 98.61% (backcrosses), and 98.66% (inter-
hybrid crosses), respectively. A similar pattern was observed
regarding the influence of this factor on the variability of the
"selected forms" trait; the contribution to variance was
94.93%, 99.9%, and 98.81%, respectively. It should be noted
that the "combination" factor had a significant effect on the
variability of the "number of seedlings" and "percentage of
selected forms" traits (at P < 0.01). Overall, the factor under
study exerted a significant effect—though in some instances a
non-significant one (specifically, on the "number of
seedlings" in distant crosses and backcrosses)—on the
variability of all traits analyzed via one-way analysis of
variance.

Hybrids derived from Poncirus trifoliata—the most frost-
hardy species in the entire Rutaceae family—hold the greatest
breeding value. However, only 5.0% to 6.25% of the
specimens in these progenies were selected as promising. For
crosses involving Fortunella margarita, the figure was
around 7.4%. The highest number of forms were identified
from backcross and inter-hybrid combinations.

_

For the selection of cold-hardy mandarin seedlings
observations were conducted on the growth and
development of hybrids derived from distant crosses. The
sexual progeny are fully viable and exhibit high genetic
and phenotypic variability, with the traits and
characteristics of wild relatives predominating;
consequently, traits associated with domestication are
recessive in first-generation hybrids. Hybrids obtained
using P. trifoliata possess enhanced winter hardiness
(-15 to -16°C), a trait dominant in P. trifoliata [5, 15].
The fruit quality of the resulting hybrids is poor due to
the accumulation of a bitter essential oil (ponciridin) in
the juice vesicles. However, some hybrids show traits
leaning towards cultivated varieties; they are semi-
deciduous and produce fully edible fruit. Morphological
characteristics of the leaf blade show segregation,
resulting in the formation of three-, two-, and one-
foliolate leaves (Fig. 1)—a trait characteristic of the
mandarin. Such hybrids are few in number but are of
great importance for future breeding aimed at cold
hardiness.

Puc. 1. MopdoJsoruyeckue n3MeHeHHs JUCTOBOI MIACTHHKHE NP rudpuausanuu ¢ yuacruem Poncirus trifoliata
Fig. 1. Morphological changes in the leaf blade during hybridization with Poncirus trifoliata
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As a result of the study of hybrid plants were selected forms
promising for further breeding. Their characteristics are
presented in Table 2. The following forms are characterized
by early fruit ripening (first ten days of October): YUMR-97,
YUKR-22, KKR-27, KKR-22, MRKR-97-25, MRKR-97-25-
1, and KRMR-25-97. They possess a standard average fruit
weight (60—80 g) and a high tasting score. Selections derived
from inter-hybrid crosses inherit the traits of the cultivated
species, yet morphological characteristics of the wild relative
(numerous spines, bifoliate leaves) sometimes appear.

Hybrids with later ripening (second ten-day period of
October)—KVI-1, KVI-3, and Yul-12—have been identified;
these were obtained-

-using C. insitorum as the pollinator. Plants derived from
combinations using C. citrangequat and Fortunella margarita
as the pollen parents exhibited the latest ripening times (third
ten-day period of November). These same hybrids are
remontant.

In the humid subtropics of the Krasnodar Territory,

mandarin plants suffer from low winter temperatures in some
years. However, the hybrids selected from intergeneric crosses
are semi-deciduous and have a single growth wave, making
them better prepared for winter. The fruits are multi-seeded
and of low quality. All selected forms are recommended for
inclusion in the saturation.

Ta0auna 2. buosornyeckne 0co00eHHOCTH PA3BUTHA THOPHIHBIX PACTeHHUI

Table 2. Biological peculiarities of the development of hybrid plants

Maternal Form Paternal Form

Form Number

& 3
KBP-4 Kowano-Wase P. trifoliata
KBP-3 Kowano-Wase P. trifoliata
MBP-1 Miyagawa Wase P. trifoliata
MBP-2 Miyagawa Wase P. trifoliata
KBU-1 Kowano-Wase C. insitorum
KBU-3 Kowano-Wase C. insitorum
I1P-1 [Mronep-80 P. trifoliata
IOP-6 HOGuneitHbIH P. trifoliata
IOI1-8 HO6ueiinbit C. citrangequat
IOH-12 HOGumeitnsIit C. insitorum
KKP-22 Kowano-Wase KP-22
KKP-27 Kowano-Wase KP-27
KMP-97 Kowano-Wase MP-97
KMP-97-1 Kowano-Wase MP-97
MKP-27-1 Miyagawa Wase KP-27
IOMP-97 IO6uneitnsbit MP-97
IOKP-22 HOG6ueiinsbIit KP-22
LIKP-25 KP-25 C. citrangequat
MPKP-97-25 MP-97 KP-25
MPKP-97-25-1 MP-97 KP-25
KPMP-25-97 KP-25 MP-97
KPMP-25-97-1 KP-25 MP-97
KPF-25 KP-25 Fortunella margarita
KPF-22 KP-22 Fortunella margarita
MPE-97 MP-97 Fortunella margarita

Tasting Score
Points

Fruit Ripening  Fruit Mass Deciduousness

H N QR NN g SN e Qe aigYalaaalta s
EREROOOORROOOOOOAOXRZITARORER X OX O
(SYR= TN~ VRS VISV U~ U e~ "~ T~ VI~ - VR - U R BT < B T~ B~ IS T

W LW W L L U L A L s s e 0 A R N R N N R NN
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IIpumeuanue: I1 — nomynucronannsie; B — Beunosenénsle; JI — nucronanneie
Cpok co3peBanust: P — pannnii (I nexana oxkts6ps); C — cpennuii (11 nexama oxtsa6ps); I1 — mo3aumii (111 nexana HosOps); K — kpymHbIe

maozasl (80-90 1); C — cpennue (60-80 r); M — menxue (15-55 1)
Remark: IT — semi-deciduous, B — evergreen, JI — deciduous

Ripening period: P — early (the first decade of October), C — medium (the second decade of October), IT — late (the third decade of
November); K — large fruits (80-90 g), C — medium (60-80 g), M — small (15-55 g)
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Hybrids obtained with the participation of forms of
Fortunella margarita possess enhanced winter hardiness—
though this is reduced due to their everbearing nature—and
produce small fruits (weighing 1540 g) with a tasting score
of 3 points; the fruit flavor lacks the bitterness associated
with ponciridin, a compound characteristic of P. trifoliata.
Hybrids with edible fruit—KRF-25, KRF-22, and MRF-97
—were obtained from the cross combinations (KR-25 X
Fortunella margarita), (KR-22 x Fortunella margarita),
and (MR-97 x Fortunella margarita).

1/
S ey TV VA)
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ViV 212380,

Puc. 2 . Tudpua FOLI-8
Fig. 2. Hybrid YuTs-8

Hybrids derived from C. citrangequat produce high-quality
fruit; a promising form, Yuts-8 (Fig. 3), was identified with
a tasting score of 4 points. However, the fruit lack
uniformity in weight and size and contain a large number of
seeds. Hybrids resulting from this combination represent the
best material for developing new mandarin cultivars
resistant to extreme growing conditions.

Conclusions

1. From crossing combinations using the wild species P.
trifoliata, the hybrid species-
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This demonstrates that the Fortunella genome suppresses the
genes of P. trifoliata and inhibits the formation of poncirodin.
Similar studies confirm these findings [16—18].

The semi-deciduous nature of the leaves indicates that it was
possible to modify the assimilation apparatus. The leaf carries
out physiological and biochemical processes that induce the
plants to enter a state of dormancy. This trait is observed in
the following forms: KVR-3, MVR-2, KVI-1, KVI-3, PR-1,
and Yul-12 (Fig. 2). However, it should be noted that the
fruits of these forms are of poor quality, receiving a tasting
score of 2 points.

Puc. 3. 'n6pug MBP-2
Fig.3.Hybrid MBP-2

-C. x insitorum, and C. X citrangequat as pollinators, forms
were selected that exhibit semi-deciduousness and early
maturity, though they produce fruit of low quality. These
hybrids are of interest for further breeding aimed at cold
hardiness.

2. The majority of mandarin-type hybrids—characterized by
early maturity and high fruit quality—were selected from
inter-hybrid and backcrosses. These forms constitute valuable
breeding material for the development of new mandarin
cultivars that are better adapted to stressful growing
conditions.
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	Признаки и свойства гибридов мандарина, полученных от отдаленных скрещиваний (
	Citrus var. unshiu × P. trifoliata)
	Featuresandpropertiesof tangerinehybridsderivedfrom distanthybridization(
	as hybrid species: C.×insitorum, C.×citrangeqwa and the genus Fortunella Sw. Expanded forms were selected for further breeding with an early term of fruit ripening (I decade of October): YuМR-97; YuКR-22; ККR-27; ККR-22; МRКR-97-25; МRКR-97-25-1; КRМR-25-97, with later ripening (II decade of October: КVI-1, КVI-3, YuI-12 received with C. insitorum. Also with late maturity hybrids were revealed: КРF-25; КРF-22; МРF-97; TsКR-25; YuTs-8 with the immixture of Fortunella margarita and C. citrangeqwat. From recurrent and inter-hybrid hybridization were marked out promising forms of mandarin with positive features such as early ripening, average fruit mass and a high tasting assessment. The greatest breeding value is represented by hybrids derived with the immixture of the most frost-resistant ccongeners of the citrus Poncirus trifoliata, however, from 5.0 % to 6.25 % of promising samples were selected in these families. All forms have breeding value for further work on creating winter hardiness varieties of mandarin.
	Keywords: citrus fruits, mandarin, breeding, distant hybridization , hybrids, features, properties, winter hardiness

	Introduction
	The humid subtropical zone of the Krasnodar Territory is favorable for the cultivation of heat-loving subtropical crops, including citrus plants. However, Russia's subtropics represent the northernmost limit of the citrus growing range. Consequently, cultivating them in this zone entails specific characteristics that must be taken into account during breeding work.
	A limiting factor for citrus cultivation on Russia’s Black Sea coast is the plants' low tolerance for freezing temperatures. Plantings suffer significant damage from recurring winters characterized by prolonged periods of low temperatures. On average, a severe winter occurs every 8–10 years, during which freezing temperatures cause plant mortality [1]. Consequently, the primary focus of citrus breeding—particularly for mandarins—is the development of varieties and forms resistant to extreme cold during dormancy, as well as low-growing plants that mature early and produce fruit of high commercial and gustatory quality.
	This can be achieved through distant hybridization. Incorporating wild and semi-wild relatives—such as P. trifoliata Raf., C. × citrangequat, C. × insitorum, as well as C. ichangensis Sw. and Fortunella Sw.—into breeding programs makes it possible to develop forms that are more winter-hardy and resistant to biotic and abiotic environmental factors [2–5]. These relatives possess unique traits such as high winter hardiness, a deciduous habit, and a deep dormancy period.
	The ability to utilize the gene pool of wild relatives and distant hybrids held in the collections of research institutions and botanical gardens is of great importance for addressing complex breeding challenges [6–8]. Distant hybridization enables the transfer of beneficial traits and resistance genes to hybrid forms [9]. Thus, the aim of this study is to develop winter-hardy, low-growing, and early-maturing mandarin cultivars with enhanced adaptability to the extreme conditions of the Black Sea coast subtropics.

	Research Materials and Methods
	Mandarin seedlings derived from 19 intergeneric crosses, as well as selected promising hybrids, were used as research material. The studies were conducted...

	Results and Discussion
	Given the low winter hardiness of citrus crops and the climatic conditions of the subtropical zone of the Krasnodar Territory, a priority task for breeders is to find ways and develop methods to enhance this trait.
	Addressing this issue involves navigating the complex biological characteristics of citrus and other evergreen plants. They lack a clearly defined dormancy period and exhibit multiple growth flushes. The continuity of physiological and biochemical processes is incompatible with frost resistance [13, 14]. During winter, when temperatures exceed +10°C, citrus plants—particularly those in the orange group—begin to show signs of vegetative activity, which can lead to serious damage. Consequently, intergeneric hybridization is of great interest, as related species possess a pronounced winter dormancy period and limited growth flushes (one or two), with shoot maturation concluding by October. In distant hybridization, gene recombination between genera or species has induced significant genotypic changes. This has created opportunities to develop new forms that combine traits and properties from various species—such as enhanced winter hardiness, immunity to diseases and pests, high yield, early maturity, and compact growth habits. Thus, the challenge of winter hardiness can be addressed through distant hybridization—specifically by incorporating Poncirus trifoliata Raf. and previously developed Poncirus-derived intergeneric hybrids into the breeding program. Such crosses offer the potential to produce new mandarin cultivar types with superior adaptability compared to existing varieties, a crucial factor for the continued development of citrus cultivation in the humid subtropical zone of the Krasnodar Territory.
	Between 1995 and 2019, 53 crossing combinations were performed; 19 of these involved P. trifoliata Raf. and hybrids derived from that genus. Cultivars of Citrus var. unshiu were used as the maternal parent. Crosses involving Fortunella Sw. were also carried out.
	As part of the mandarin breeding program to develop new, high-yielding, early-maturing forms resistant to environmental stressors—and, above all, possessing enhanced winter hardiness—the following types of crosses were performed using (Citrus var. unshiu): distant hybridization, backcrossing, and inter-hybrid crossing. The use of the wild relative Poncirus trifoliata Raf. in hybridization makes it possible to produce hybrids with high winter hardiness. Backcrossing and inter-hybrid crossing lead to reduced winter hardiness but improved fruit quality. A number of complex hybrids have been obtained between-
	-Fortunella Sw., C. × citrangequat, C. × insitorum, and previously developed distantly related forms. These hybrids are characterized by deep winter dormancy and fruits without bitter essential oil.
	The juvenile period of citrus crops is significantly longer than that of other fruit plants, lasting 15-20 years, which creates certain difficulties in breeding.
	The influence of the studied factor "crossing combination" on the variability of the "number of seedlings" trait was determined (Table 1).
	Таблица 1. Количество отборов, полученных в результате целенаправленных скрещиваний (1995-2019 гг.)
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	At the same time, the share of influence for each of the three types of the selected combinations amounted to 96.34% (distant crosses), 98.61% (backcrosses), and 98.66% (inter-hybrid crosses), respectively. A similar pattern was observed regarding the influence of this factor on the variability of the "selected forms" trait; the contribution to variance was 94.93%, 99.9%, and 98.81%, respectively. It should be noted that the "combination" factor had a significant effect on the variability of the "number of seedlings" and "percentage of selected forms" traits (at P < 0.01). Overall, the factor under study exerted a significant effect—though in some instances a non-significant one (specifically, on the "number of seedlings" in distant crosses and backcrosses)—on the variability of all traits analyzed via one-way analysis of variance.
	For the selection of cold-hardy mandarin seedlings observations were conducted on the growth and development of hybrids derived from distant crosses. The sexual progeny are fully viable and exhibit high genetic and phenotypic variability, with the traits and characteristics of wild relatives predominating; consequently, traits associated with domestication are recessive in first-generation hybrids. Hybrids obtained using P. trifoliata possess enhanced winter hardiness (-15 to -16°C), a trait dominant in P. trifoliata [5, 15].
	The fruit quality of the resulting hybrids is poor due to the accumulation of a bitter essential oil (ponciridin) in the juice vesicles. However, some hybrids show traits leaning towards cultivated varieties; they are semi-deciduous and produce fully edible fruit. Morphological characteristics of the leaf blade show segregation, resulting in the formation of three-, two-, and one-foliolate leaves (Fig. 1)—a trait characteristic of the mandarin. Such hybrids are few in number but are of great importance for future breeding aimed at cold hardiness.
	Hybrids derived from Poncirus trifoliata—the most frost-hardy species in the entire Rutaceae family—hold the greatest breeding value. However, only 5.0% to 6.25% of the specimens in these progenies were selected as promising. For crosses involving Fortunella margarita, the figure was around 7.4%. The highest number of forms were identified from backcross and inter-hybrid combinations.

	Poncirus trifoliatа
	Рис. 1. Морфологические изменения листовой пластинки при гибридизации с участием
	Fig. 1. Morphological changes in the leaf blade during hybridization with
	Poncirus trifoliata
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	Hybrids obtained with the participation of forms of Fortunella margarita possess enhanced winter hardiness—though this is reduced due to their everbearing nature—and produce small fruits (weighing 15–40 g) with a tasting score of 3 points; the fruit flavor lacks the bitterness associated with ponciridin, a compound characteristic of P. trifoliata. Hybrids with edible fruit—KRF-25, KRF-22, and MRF-97—were obtained from the cross combinations (KR-25 × Fortunella margarita), (KR-22 × Fortunella margarita), and (MR-97 × Fortunella margarita).
	This demonstrates that the Fortunella genome suppresses the genes of P. trifoliata and inhibits the formation of poncirodin. Similar studies confirm these findings [16–18].
	The semi-deciduous nature of the leaves indicates that it was possible to modify the assimilation apparatus. The leaf carries out physiological and biochemical processes that induce the plants to enter a state of dormancy. This trait is observed in the following forms: KVR-3, MVR-2, KVI-1, KVI-3, PR-1, and YuI-12 (Fig. 2). However, it should be noted that the fruits of these forms are of poor quality, receiving a tasting score of 2 points.

	Рис. 2 . Гибрид ЮЦ-8
	Fig. 2. Hybrid YuTs-8

	Рис. 3. Гибрид МВР-2
	Fig.3.Hybrid МВР-2
	Hybrids derived from C. citrangequat produce high-quality fruit; a promising form, Yuts-8 (Fig. 3), was identified with a tasting score of 4 points. However, the fruit lack uniformity in weight and size and contain a large number of seeds. Hybrids resulting from this combination represent the best material for developing new mandarin cultivars resistant to extreme growing conditions.

	Conclusions
	1. From crossing combinations using the wild species P. trifoliata, the hybrid species-
	-C. × insitorum, and C. × citrangequat as pollinators, forms were selected that exhibit semi-deciduousness and early maturity, though they produce fruit of low quality. These hybrids are of interest for further breeding aimed at cold hardiness.
	2. The majority of mandarin-type hybrids—characterized by early maturity and high fruit quality—were selected from inter-hybrid and backcrosses. These forms constitute valuable breeding material for the development of new mandarin cultivars that are better adapted to stressful growing conditions.
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