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Abstract. Persian walnut (Juglans regia L.) is an important tree primarily for its
nutritious nuts and high-quality wood. Based on the analysis of literature sources, it
was found that hybridization played a significant role in the evolution of the genus
Juglans. Persian walnut can interbreed with many walnut species with the formation
of fertile hybrids. There are two-species, three-species, and four-species hybrids in
different combinations of crossings. They are used in forestry as a source of wood, in
horticulture as rootstocks, and in breeding for more durable resistance against
pathogens and tolerance against abiotic stresses. Some interspecific hybrids have
validly published scientific names, but many of the proposed names do not meet the

rules of the International Code of Nomenclature for algae, fungi, and plants.
Keywords: remote hybridization, species, Persian walnut, Juglans

Introduction. Walnut (Juglans
regia L.) is the most important nut crop
in Ukraine with significant export
potential. Ukraine is one of the five most
powerful walnut-producing countries in
the world and ranks second among
walnut exporters after the USA. In
Ukraine walnut growing entered the
stage of a wide varietal industrial culture,
which causes the expansion of breeding
work.

Aim. The purpose of the work is to
find out the state and possibilities of
applying the species potential of the
genus Juglans in the walnut breeding.

Materials and methods. Domestic
and foreign literature of XIX—XXI
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centuries about interspecific hybrids of
Juglans were analyzed.

Results. Hybridization played a
significant role in the evolution of the
genus Juglans. The ancient hybrid origin
of J. regia and J. cinerea is proven [68].
The natural Chinese taxon J. hopeiensis
is the consequence of interspecific
hybridization [61]. Currently, gene flow
IS between species of sections
Cardiocaryon and Rhysocaryon and
between species in these sections [5; 66;
70]. The walnut species quite easily
hybridize under domestication [11; 12,
13; 28; 29; 50; 56]. The numerous
artificial interspecific hybrids were also
obtained (Fig. 1).
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Fig. 1. Interspecific hybrids in Juglans genus [40, modified]

J. nigra L. x J. regia = J.
Xintermedia  Jacques. The  first
interspecific hybrid of the newest time
arose as a result of spontaneous
hybridization between Persian walnut
and black walnut introduced in Europe,
two Juglans species that have the
greatest economic values. The heterosis
hybrid raised from black walnut seeds
sown in 1820. It was described by French
gardener Henri Antoine Jacques [22].
Later, Elie Abel Carriére [12] described
two hybrids between Persian walnut and
black walnut, one of which is known to
come from seeds sown in 1815 [59]. The
latter plant is probably the first recorded
spontaneous J. nigra x J. regia hybrid.
In the future, seedlings were obtained
from their seeds in many institutions of
several countries. Today, numerous
offspring of subsequent generations and
from new artificial crosses, including
backcrosses, grow in France, Italy,
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Spain, and other Western European
countries [14; 20; 23; 39]. J. xintermedia
Is also developed and cultivated in the
USA [9; 10; 16; 19]. In Ukraine, artificial
and spontaneous J. nigra * J. regia
hybrids were repeatedly developed [1; 2;
4; 27; 31; 34; 52; 54; 53; 65; 72]. Some
hybrids were given names:
J. Xtimirjazewii Krotkewitsh,
J. xweselowskii Krotkewitsh [28; 29].
The name J. xrubra Schepotiev was
given hybrids with the reddish color of
shoots [52; 54]. The hybrids backcrossed
with Persian walnut were also obtained
[2; 30]. J. xintermedia was also
developed artificially in Kyrgyzstan [43;
55; 67], Moldova [25; 26], Russia [41;
42; 43], and Uzbekistan [24; 49; 51].

J. cinerea L. x J. regia = J.
xquadrangulata (Carriere) Rehder. In
1858, Elie Abel Carriére raised seedlings
of Persian walnut pollinated by butternut
in the Paris Museum of Natural History
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Garden [12]. Alfred Rehder [46]
established a species rank for these
hybrids. J. cinerea x J. regia hybrids
were  discovered and artificially
developed in the USA [8; 16], Russia
[32; 56; 57], Ukraine [28; 29; 54, 52; 53],
Kyrgyzstan [43; 55], Moldova [25; 26],
Uzbekistan [24; 20; 51], and France [20].
The names
Krotkewitsh, J. xkononjukii
Krotkewitsh, J. xwysockii Krotkewitsh
[28; 29], J. silvosteposa N. Vechov [57],
and J. xviridis Schepotiev [54] have been
proposed for these hybrids. Fedir
Shchepotiev uses the latter name to
hybrids of Persian walnut with both
butternut and Manchurian walnut.

J. ailantifolia Carriére X J. regia =
J. xnotha Rehder. In 1878, the first
hybrid between these species was raised
from seeds sent by Pierre Alphonse
Lavallée, founder of the Segrez
Arboretum  (Saint-Sulpice-de-Fevieéres,
lle-de-France, France), in Arnold
Arboretum. In 1919, Willard Bixby
discovered a hybrid tree in the garden of
R. Bates (Jackson, South Carolina, USA)
[47]. The artificial and spontaneous
hybrids between Japanese walnut and
Persian walnut there are in USA [11; 16],
Kyrgyzstan [43; 67], Russia [41; 42; 43],
Uzbekistan [20; 24; 50], Moldova [25;
26], Ukraine [2; 31; 35], and Georgia
[15].

J. ailantifolia var. cordiformis
(Makino) Rehder x J. regia = J.
x notha var. batesii Rehder. The hybrid
was discovered by Willard Bixby in the
garden of R. Bates in South Carolina

J. xkondratiewii

Ne 1 (89), 2021

Hayxosi nonosiai HYBIll Ykpainu

(USA) in 1919 [47]. The artificial
hybridization between these taxa was
made in Ukraine [1; 35], Kyrgyzstan
[43], Russia [43], Moldova [25; 26], and
Uzbekistan [20; 24]. Such hybrids occur
in Belarus too [18].

J. hindsii (Jeps.) R. E. Sm. x J.
regia = ‘'Paradox' [J. x paradox
Burbank]. A hybrid between walnut and
the California walnut species was
developed by Luther Burbank in 1878
[11]. Later an aboriginal California black
walnut was divided into two separate
species: J.californica S. Watson
(Southern California black walnut) and
J. hindsii  (Northern California black
walnut). The latter species is a
component of crossbreeding  with
Persian walnut, carried out by Burbank
[45]. Spontaneous hybrids between these
species also occur in California [16].
‘Paradox’ seedlings were used as
rootstocks, and subsequently, the name
"paradox hybrids" passed to all
American black walnut hybrids in the
section Rhysocaryon. ‘Paradox’
seedlings grow in different areas along
with other North American walnuts and
have the ability to be pollinated by ones.
Molecular studies have established an
additional gene flow from J. nigra and
J. major (Torr.) A. Heller at least to some
paradox-hybrids [45]. In the American
breeding program, paradox hybrids of
various origins are tested, including
backcrosses with both Persian walnut
and interspecific hybrids with a different
pedigree than 'Paradox’ [9]. The crossing
of Persian walnut with Northern
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California black walnut was also carried
out in Uzbekistan [51].

J. californica x J. regia. The
crossing of Southern California black
walnut with Persian walnut was carried
out in Ukraine [4] and in the USA [9]. In
the first case, gynogenetic plants were
obtained [3], and in the second case,
hybridity was confirmed by molecular
methods [7; 9].

J. mandshurica Maxim.x J. regia
= J. Xhopeiensis Hu. This natural hybrid
Is described by Hu Hsen Hsu [21]. Its
hybridogenous origin is proved by the
analysis of molecular data [60; 61].
Likely, the taxonomic status of the taxon
does not exceed the level of a
horticultural variety, due to the origin
with the participation of two species
J. cathayensis Dode and J. mandshurica,
which spontaneously hybridized with
Persian walnut [70]. The many artificial
and spontaneous hybrids between
Manchurian walnut and Persian walnut
were developed in Russia [6; 41; 42; 58;
63; 65], Ukraine [2; 4; 31; 34; 27; 52; 53;
54], Uzbekistan [20; 24; 50; 51], and
Moldova [25; 26], as well as backcrosses
with  Persian walnut [2]. Pavlo
Krotkevych [28; 29] proposed for these
hybrids the names J. xaleksejewii
Krotkewitsh, J. xmitshurinii
Krotkewitsh, and J. morosowii
Krotkewitsh. Fedir Shchepotiev [52; 54]
name J. xviridis also spread to Persian
walnut hybrids with butternut, because
they were distinguished by the green
bark of the trunk and emerald green
leaves and shoots. Alfred Rehder [48]
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suggested hybrid origin from crossing
between J. mandshurica and J. regia for
J. xsinensis (C. DC.) Dode.

J. cathayensis Dode x J. regia. The
Persian walnut can hybridize with a
J. cathayensis under conditions of
artificial crossing [62]. The spontaneous
hybrids between these species were
found in Hebei Province (China) [17;
70].

J. major (Torr.) A. Heller x J.
regia. In France, interspecies hybrids
were obtained from crossing Arizona
black walnut with Persian walnut [20;
36]. The crossing Persian walnut with
Arizona black walnut was carried out in
Uzbekistan [51]. The plants obtained in
Ukraine in this combination of crosses
[4] have no signs of the parent species-
pollinator [3].

J. microcarpa Berland. x J. regia.
True hybrids from the crossing of Texas
black walnut with Persian walnut were
obtained in the USA [9; 71]. The
crossing of these species was also carried
out in Uzbekistan [51] and Ukraine, but
the resulting plants were gynogenetic
type [3].

J. australis Griseb. x J. regia. The
Brazilian walnut hybridizes with Persian
walnut [38]. The same authors point to
the prospect of involvement
J. neotropica Diels and J.olanchana
Stand. & L. O. Williams to
hybridization with Persian walnut.

It was reported that three-species
hybrids were developed, in particular,
(J. ailantifolia  x J. mandshurica
Maxim.) x J. regia [64]; (J. ailantifolia
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x J.cinerea) x J.regia [64; 69];
(J. californica x J. nigra) x J. regia [9];
(J. mandshurica x J. nigra) x J. regia,
and (J.nigra x  J.regia) X
J. mandshurica. The backcrossing of
both J. mandshurica x J. regia and J.
nigra x J. regia hybrids with Persian
walnut were carried out in Russia [64].
The spontaneous hybrid between
J. xintermedia and Manchurian walnut
was found in Germany [39]. A four-
species hybrid [(J. major x J. hindsii) %
J. nigra] x J. regia was developed in the
USA [10].

J. regia x J. sigillata Dode =
Sichuan walnut. The Persian walnut and
iron walnut have sympatric habitats and
interbreed spontaneously with each other
[17]. Now, J. sigillata is considered only
a subspecies of J. regia [37; 70]. There
are no genetic barriers between these
taxa and the gene flow goes mainly from
J. regia to J. sigillata.

A significant barrier that prevents
Persian walnut from crossing with other
walnut species is a disjunction in
flowering time. But, under favorable
pollination  conditions,  prezygotic
barriers, such as differences in floral size
and conspecific pollen, significantly
affect the effectiveness of interspecific
hybridization  [44]. The  species
differences lead to disturbances at the
stage of zygote formation and embryo
development and the resulting hybrids
can be low-fertile or sterile. However, J.
regia hybridized with all Juglans species
with which it came into contact in nature,
and in the absence of natural contacts, it
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successfully crossed due to artificial
pollination. There are hybrids of Persian
walnut with J. ailantifolia, J. australis,
J. californica, J. cathayensis, J. cinerea,
J. hindsii, J. major, J. mandshurica,
J. microcarpa, J. nigra. This list does not
include only tropical species from
Central and South America, which are
not cultivated outside the natural areas.
Three-species and four-species hybrids
with the participation of Persian walnut
were also developed. The interspecies
hybrids are used in forestry, rootstock
breeding, and breeding for winter
hardiness and resistance against
pathogens.

The Persian walnut hybrids with
J. ailantifolia, J. cinerea,
J. mandshurica, and J.nigra have

nothospecies  names,  respectively,
J. xnotha, J. Xquadrangulata,
J.xhopeiensis, and J. xintermedia.
Many later names, such as
J. xaleksejewii, J. xkondratiewii,
J. xkononjukii, J. Xmitshurinii,
J. Xmorosowii, J. Xrubra,
J. xsilvosteposa, J. Xtimirjazewii,
J. xviridis, J. xweselowskii, and
J. xwysockii, which applied to these

nothotaxa, are effective, but not validly
published, because they were not
accompanied by a Latin description or
diagnosis, according to the International
Code of Nomenclature for algae, fungi,
and plants. Also, the authors of these
names, for the same combination of
crosses gave several different names or
used the same name for the results of
different combinations of crosses. These
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names are nomen nudum, but can use as

the names of cultivars, selected from
interspecific hybrids.

Conclusions. The Persian walnut
can interbreed with other Juglans
species, despite the barriers preventing
remote hybridization. There are also
three-species and four-species hybrids
with the participation of Persian walnut.
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MIXKXBUAOBI I'NBPU N JUGLANS REGIA L.
B. M. MexkeHncokuu

AnoTtanis. Bonocekuii ropix (Juglans regia L.) mae 3HaueHHsS Hacammepen sK
0oicepeso NONCUBHUX 20pIXie ma BuUcokosKicHoi Oepesunu. Ha niocmasi ananizy
JlimepamypHux o0dxcepeil 6CMAHO8IeHo, Wo 2lopuousayis 3iepana 3HAYHY pOb 8
esomoyii pody Juglans. Bonocekuii eopix 30amuuii cxpewysamucs 3 oacamvema
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suUOaMU 20pixa 3 YMBOPEHHAM NA0008umux 2iopudis. Bidomi 060-, mpu- ma
YOMUPUBUOOBI  2iOpUOU, WO OMPUMAHI 6 NPAMUX 1 360POMHUX KOMOIHAYIAX
cxpewysanv. BoHu euxopucmogyromscsi 6 1ic080MY 20CNO0Apcmsi AK 0cepeo
oepesun, y cadieHUYmaei K nioujenu ma 8 ceareKkyii Ha cmitKicms npomu namo2eHis
ma abioMuyHUX YUHHUKIG OO08KILIA. JleaKki Midceudosi 2iopudie maromov OilUCHO
ONpUNIOOHEeHI HAYKOBI HA36U, npome 6azamo i3 3aNPONOHOBAHUX HA36 He
gionosioaromv npasunam MidicHapoOH020 KOOeKCy HOMEeHKIamypu 0jisi 8000poCHell,
2pubie ma pociuH.

Knrouoei cnosa: éiooanena 2cibpuousayis, euou, sonocvkuii 2opix, Juglans

MIZKBUAOBI I'lbPU /I JUGLANS REGIA L.
B. H. Mexenckuii

Annomauusn. U'penkuii opex (Juglans regia L.) umeer 3HauCHHE MPEK/IE BCETO
KaK MCTOYHUK TIHTATECIbHBIX OPEXOB M BBICOKOKAYECTBCHHOHN JpeBecHHBI. Ha
OCHOBAHMHU aHAJIM3a JIMTEPATYPHBIX HMCTOUYHHUKOB YCTAHOBJICHO, YTO THOPHIAM3ALINS
ChIrpajia 3HAYUTEIbHYIO0 pOJIb B 3BOMONMK poaa Juglans. I'perkuit opex crocobeH
CKPELIMBAThCS CO MHOTHMH BHJAMH Oopexa ¢ 00pa30BaHUEM IUIOJOBUTHIX THOPHUIOB.
W3BecTHBI JBYX-, TPEX- U YCTHIPEXBHIOBBIC THOPHIIbI, MOJTYYCHHBIC B MPSIMBIX H
00paTHBIX KOMOMHAIMIX CKpeluBaHuii. OHU UCIOIB3YIOTCS B JICCHOM XO3SICTBE Kak
UCTOYHHK IPEBECHHBI, B CaJOBOJCTBE B KA4eCTBE IMOABOS M B CEJICKI[HH TI'PEIIKOTO
opexa Ha YCTOWYMBOCTh IMPOTHUB IIATOICHOB M aOMOTHYECKHX (PAKTOPOB CPEIbI.
HekoTopble MEKBUIAOBbIE THOPUIOB HMMEIOT JICHCTBHTEIBHO OOHApPOIOBAHHBIC
Hay4YHbBIC Ha3BaHMs, OJHAKO MHOTHE M3 MPEII0KCHHBIX Ha3BaHUH HE COOTBETCTBYIOT
TpeboBaHMAM MEKIyHAPOAHOIO KOJAEKCa HOMEHKIIATYPBI BOAOPOCIEH, TPHOOB H
pacTEHUM.

Knruesvie cnoea: otnanenHas ruOpuan3aiis, BUIbI, Tpelkuii opex, Juglans
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