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Abstract

Hybridization offers huge potential in domesticating species.
Poplars are important for wood production and also ornamen-
tal uses. Only two poplar parents can generate by hybridiza-
tion more than 500,000 different offspring phenotypes. The
article reviews some international results and presents some
Russian results of poplar hybridization, emphasizing the Cen-
tral Chernozem Region of the European part of Russia. During
60 years 736 crosses were realized, resulting in 54,000 hybrid
seedlings. In different field trials 243 superior clones were
selected. For practical operations twelve cultivars of the most
productive and frost resistant poplar hybrids were selected.
Three of them are now approved as varieties by the state regis-
tration authorities. In order to mitigate the risks from unfore-
seen disease, injury or other adverse factors in defined envi-
ronments several cultivars with close economic value but with
different genetic composition should be available.
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Introduction

Hybridization is one method to raise heterozygosity and the
genotypic composition of living organisms.

Among woody species, this method is used most widely in
poplar breeding. Poplars are the fastest growing tree species of
the temperate zone. They are considered as the most promi-
sing forest trees for wood production, land reclamation, gree-
ning afforestations, and other applications.

K. Yanchevsky (1904) carried out the first hybridization
experiments on detached flowering branches and received
hybrid seeds in the Salicaceae. The first practically significant
results on poplar hybridization were obtained by A. Henry in
1912 (Pauley, 1949) in the UK by producing the first P. x genero-
saHenry (P. trichocarpa Hooker x P. deltoides Marshall) individu-
als.

By the beginning of the forties of the twentieth century 83
hybrid poplars of natural and artificial origin, excluding the
USSR, had been realized as a result of intra- and intersectional
crosses. Among them, 14 hybrids were Populus x Populus; 2
Populus x Tacamahaca; 4 Populus x Aigeiros; 7 Tacamahaca X
Tacamahaca; 28 Tacamahaca x Aigeiros and 28 hybrids Aigeiros
x Aigeiros (Pauley, 1949).

The first large poplar hybridization program had been
undertaken in the USA by A.B. Stout, R. McKee and E.J. Schrei-
ner. 13,000 hybrid seedlings were obtained, 69 of which were
selected as elite, and ten of them received varietal names: Frye,
Rumford, Strathglass (all three are P. nigra x P. laurifolia hybrids),
Roxbury (P. nigra X P. trichocarpa), Andover (P. nigra betulifoliax P.
trichocarpa), Geneva, Oxford (P. maximowiczii X P. X berolinensis),
Rochester (P. maximowiczii X P. nigra plantierensis), Androscog-
gin (P. maximowiczii x P. trichocarpa), Maine (P. candicans X P. x
berolinensis) (Stout, McKee and Schreiner, 1927; Stout and
Schreiner, 1933).

The second major program of poplar hybridization was
the works of W. von Wettstein (1941, 1942), performed in Ger-
many and in Austria since the early thirties (Wright, 1962). Then
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poplar hybridization at a substantial scale engaged breeders in
different countries. Only one Institute in Grammont (Belgium)
produced 30-40 thousand seedlings annually, 200-300 clones
of them were selected and tested (Steenackers, 1969). Achieve-
ments were reached in Canada (Heimburger, 1936; Zsuffa et al.,
1993), in Italy (Sekawin, 1960, 1971), in Poland (Tyszkiewicz,
Chmielewski, 1961; Chmielewski, 1969), in France (Lemoine,
1973), in Germany (von Wihlisch, 2006, 2010; JanBen et al.
2012; Liesebach et al, 2012), in USA (Stanton, 2012, Stanton et
al.,, 2014) and in other countries.

In the Soviet Union, the most widely-known studies were
accomplished by A.V. Albensky (1959), P. L. Bogdanov (1965), A.
M. Berezin (1939), A.S. Yablokov (1956, 1963), l.A. Kazartsev
(1956), G.P. Ozolin (1962), S.P. Ivannikov (1959), N.V. Starova
(1980), P.P. Besschetnov (1969), N.A. Konovalov (1963) and
others.

The largest series of hybridization work with poplars in the
USSR include:

1) The experiments of A.M. Berezin in Ufa (implemented
more than 80 different crosses, received more than 80 thousand
hybrid seedlings, from which he selected 18 best trees).

2) PL.Bogdanov in St. Petersburg (160 different crosses, 75
of which were successful, 2500 hybrid seedlings grown, 32 of
which were selected, and 4 were recommended for use).

3) PP.Besschetnov in Alma-Ata (170 different crosses, 26 of
which were successful, 1.5 million seedlings grown, 26 selec-
ted, 8 recommended for use).

4) N.V. Starova with co-workers in Ukraine (conducted 462
crosses, 600 thousand seedlings received, 900 selected in the
elite collection, 12 recommended for use).

A more detailed review of international and Russian expe-
riences in the hybridization of poplars requires a special review.
Professor M. M. Veresin from Voronezh Forest-Technical Institu-
te (currently Voronezh State Forest University) initiated the
hybridization work with poplars in the Central Chernozem
Region of European Russia in the fifties of the twentieth centu-
ry (Veresin, 1974). These works were continued by scientists of
the Central Research Institute of Forest Genetics and Breeding
(currently All-Russian Research Institute of Forest Genetics,
Breeding and Biotechnology) A.P. Tsarev, V.P. Petrukhnov, R.P.
Tsareva, a. o. (Veresin, Tsarev, 1974; Tsarev, 1984, 2013 a, b; Tsa-
reva, 1988; Petrukhnov, 1988; Tsarev, Tsareva, 1990, 2010; Tsa-
rev et al., 2014).

The aim of this paper is to take stock of the hybridization
work carried out in the Central Chernozem Region, to present
the results, and to introduce the selected promising fast-gro-
wing and frost resistant hybrid trees.

Material and Methods

The poplars used for hybridization were selected in arbore-
tums, clone collections of Voronezh, and surrounding planta-
tions. The best hybrids derived in the pioneering works by for-
est tree breeders nationally and internationally were employed
for hybridizations during 1970-1980. In this series, methods
were applied as stated in publications by A.S. Yablokov (1963),

A.V. Albensky (1959), S. S. Pyatnitsky (1961) and M.M. Veresin
(1974) with some modification (Tsarev, 1984).

Crossings were carried out in early spring on detached branch-
es. They were placed in saline (white poplars and aspens), or
sandy substrate (Eupopulus poplars) during pollination and
seed production. The obtained seedlings were planted in soil
(1 part of soil, sand, and peat each). When they had reached a
height of 6-10 cm they were transplanted into open ground
under a plastic sheet covering.

In the subsequent years, the saplings were field-tested at
the permanent sites as follows:

1. In the years after 1951 Professor M.M. Veresin created
different collections of hybrid poplar and field tests. Here, two
of these will be focused on. One collection was created 1952 in
compartment 54 of Pravoberezhny Forest-Division of Educa-
tional and Skilled Forest Enterprise of the Voronezh State
Forest-Technical University. The soil is dark-grey forest medium
loam. Several clones and hybrids of different poplar species
were tested in this collection and three hybrid families with 8
to 15 siblings per family. The second poplar collection was
created in the upland oak forest on the grounds of wood-deco-
rative nursery “New". The soil is leached chernozem. Here he
planted ten elite hybrid seedlings and rooted cuttings of hyb-
rids, including two cloned plants of cultivar E. s. - 38 (elite seed-
ling-38, or ‘Voronezh Giant’ = ‘VGt’). All parents used for cross-
pollinations were taken from stands of the Chernozem Region.

2. A.P.Tsarev carried out hybridization experiments from
1972 to 1978. In total, 111 crossing combinations were genera-
ted:3in 1972,10in 1973, 9in 1974, 29 in 1975, 24 in 1976, 17
in 1977,and 19in 1978. 12910 seeds were produced in 55 com-
binations. Of these 2995 seedlings germinated of 42 hybrid
combinations. The number of 1-year-old seedlings was 1651 of
31 families.

Between 1977 and 1980 seedlings from 23 hybrid families
were planted with 1 to 100 selected seedlings per family, total-
ling 810 hybrid seedlings. The field tests were created on the
grounds of Semiluksky Experimental Nursery of Central
Research Institute of Forest Genetics and Breeding. The soil is a
typical chernozem on the watershed slope to the river Veduga.

Trees selected in natural and planted autochthonous
stands were used in these series of hybridizations. They were
selected for high productivity, frost-resistance, health, and
well-formed stems. Pollen from some trees with a pyramidal
crown (P. bolleana) was introduced from the Astrakhan Region.
Some trees were introduced from the Volgograd (‘POK’) and
other Russian regions. The variety ‘POK’ is a hybrid of A.V.
Albensky (1959) from crossing P. pyramidalis x P. nigra. Aspen
pollen was obtained from Romania. In total, 34 parent trees
were used in this series. All resulting trees of this series were
planted in collection No 2 at spacing of 5 x 5 m.

3. A collection of aspen hybrids bred by V.P. Petrukhnov
in 1980 was planted in 1982 on the grounds of the Semiluksky
Experimental Nursery of Central Research Institute of Forest
Genetics and Breeding. The soil is a typical chernozem on the
watershed slope to the river Veduga. The collection includes
nine hybrid families. The number of plants per family ranged
from 32 to 168. In all, 1093 seedlings were planted. The parent
trees were also selected in natural and planted autochthonous



stands. Some of them were introduced from the Moscow Regi-
on (‘P. Yablokovy’), Latvia (P. tremuloides), Ukraine (P. bolleana) a.
o.The planting space per tree differed, averaging about 9 m

4. A collection of poplar hybrids of the subgenus Eupopu-
lus bred by R.P. Tsareva in 1982 was established in 1984 also on
the grounds of the Semiluksky Experimental Nursery of Central
Research Institute of Forest Genetics and Breeding. The soil is a
typical chernozem on the watershed slope to the river Veduga.
The collection includes 26 hybrid families with 1 to 25 plants
per family. In total, 420 seedlings were planted. In this crossing
series, female parent trees were used that had been introduced
from the Semiluksky populetum by A.P. Tsarev of P. maximowi-
czii, P. trichocarpa, ‘Pioneer’ (hybrid, received by A.S. Yablokov
from crossing P. pyramidalis x P. nigra), ‘Regenerata; 1-455', a. o.;
male parents were also from that populetum: P. suaveolens,
‘Brabantica; ‘Newesis’ (hybrid, received by P.L. Bogdanov from
crossing P. canadensis x P. balsamifera), ‘VGt’, a. o. The spacing
per tree was 4 x4 m.

5. A collection of poplar hybrids of the subgenus Eupopu-
lus Dode, bred by R.P. Tsareva in 1988 was established in 1990
at the Davydovsky Forest Enterprise of the Voronezh Region.
The soil is light loam. The collection includes 26 hybrid families
with 1 to 108 plants per family. A total of 590 seedlings were
planted. The female parent trees originated from Semiluksky
populetum of: P. maximowiczii, P. trichocarpa, ‘Pioneer; ‘Regene-
rata’. The male parents were P. pyramidalis, ‘POK; E. t. 42-04 (P.
balsamifera x 'POK’ bred by A.P. Tsarev), a. o. The trees were
spaced 4 x4 m.

The hybrids in the collections were inspected and measu-
red periodically. Their health state, frost damages, survival, as
well as height, and diameter at 1.3 m height in older stages
were recorded. The volumes of aspens and their hybrids were
determined by the tables of A.V. Tyurin (Tyurin et al., 1956). The
volumes of other poplars and their hybrids were determined
by the tables of HadZi-Georgiev and Gogusevski (1972). If the
dimensions of poplar hybrid trees exceeded the diameters or
heights of the tables, the following equation was used:

V =n*D%/4*H*£/10000, where:

V - Volume of the trunk, m?;

D - Diameter at height of 1.3 m, cm;

H —Height of the tree, m;

F—form-factor; f =V/V;, where V'is the cylinder, the founding of
itis cutting area of trees stem at height of 1.3 m and the height
is the height of trees; f for the poplars on average is 0.39
(Houtzagers, 1937).

According to the Council directive 1999/105/EC (Council,
1999) the statistical control for comparison may be the mean
characteristics of the testing aggregate. Correspondingly, in
each best family, trees were selected which significantly excee-
ded the respective average of the hybrid families under test
(Tables 3, 4).

In early ages (2-5 years old) the best woody plants were
selected if their growth rate exceeds the average total growth
rate by two standard deviations (P.P. Besschetnov, 1969; N.V.
Starova, 1980). But results of such a selection may change with
increasing age, even above the age of ten years. Therefore, the
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selection was done at 11-18 years with the exception of one
site where 8 year old trees were selected. In the best group,
hybrid trees were selected which had stem volumes exceeding
the mean hybrid family dimensions by 30-50 % and more. In
each of the best hybrid families 4-5 best trees were selected.
They were ranked by growth performance. Rank changes took
place during the time of observation. However, these were
inside selected groups.

The process of pollination, seed production, seedling rea-
ring, and field testing are separate steps of a breeding cycle.
Some results of each of these steps are presented in this publi-
cation. Some of the selected hybrid trees were cloned and tes-
ted in field experiments in different regions: Voronezh, Tam-
bov, Volgograd, Donetsk a. 0., results of which were published
earlier (Veresin, 1974; Tsarev & Tsareva, 1990; Tsarev, 2013a; Tsa-
revetal, 2014 a.0.).

Results

Altogether 736 different crosses were realized in the region of
which 54,150 hybrid seedlings were obtained, 10,000 by M.M.
Veresin, 1,650 by A.P. Tsarev, 2,500 by V.P. Petrukhnov and
40,000 by R.P. Tsareva (Veresin, 1974; Tsarev, Tsareva, 2010).
However due to various reasons (incompatibility of parents,
mortality, etc.) the number of hybrid seedlings planted in the
collections for further testing was much lower. Schemes of
some successful crosses in Populus and Eupopulus subgenera
are presented in Tables 1, 2.

Table 1
Scheme and number of successful crossings of poplar subge-
nus Populus (former Leuce Dode)

Half-
siblings

White Intersectional
poplars, & 1) hybrids, &

Section
and sex

Aspen,

N
'

White poplars, 9 1

Aspen, ¢ 2

IS
N

Intersectional
hybrids, ¢

Table 2
Scheme and number of successful crossings of poplar subge-
nus Eupopulus Dode

Section Aigeiros, Tacamaca, Intersectional Half-

and sex 3 3 and complex  siblings
hybrids, &

Aigeiros, @ 6 3 10 3

Tacamahaca, ¢ 10 2 6 2

Intersectional

and complex - 1 1 1

hybrids, ¢



4 Tsarev et al. - Silvae Genetica (2016) 65-2, 1-10

Table 3

Hybrid poplar families and selected best individuals in the field testing collections of the Central Chernozem Region of Euro-

pean Russia

No Num-

collec- Parents ber

diame- height,
ters, cm m

tions trees

o = Some best individuals selected in hybrid
Average growth indices, X

progenies Authors of

stem volu- hybrids

me, m?

volume,
dm?

Advantage
over X, %

1 alba x tremula . M.M.
20 12 26.4+3.04 23.6+1.01 610168’ ‘Veresin-1' 1.13 85 )
Veresin
deltoides x balsam-
deltoldes x baisam 14 1 2.1 158 2907 VGt 0.29 E
ifera’
2 -alba x bolleana 18 5 22.9+2.47 1831078 338183’ ‘Veduga, 0.63 85 AP.
‘Bolide’ 0.40 184 Tsarev
- deltoides x 'POK’ 18 26 23.8+1.31 14.0+0.50  318+40? ‘Steppe Lada’ 0.87 170
3 tremula, Obojanx V.P.
1 30 13.7£1.02  11.5£0.54 11014 E.t.45-11 0.208° 89°
canescens Petrukhnov
tremuloides x
1 124 13.8£0.33  12.1+0.18 97+5! E.t. 29-05 0.136° 40°
tremula(local)
tremula(X;)xtremula
1 53 13.2+04  11.9+0.22 82+6' E.t. 44-02 0.112° 37°
(local)
tremula(X )x tremula
! 1 148 12.3£0.29 11.3+0.17 7414 Et.11-15 0.145° 96°
(local)
4 ‘Pioneer’ - half-sibs 14 16 17.6£1.55 13.1£0.65  180+40° ‘Breeze’ 043 139 R.P.
Tsareva
‘I-455’ - half-sib’ 14 1 26.8 17.0 4122 ‘Surprise’ 0.41 -3
. R.P.
5 ‘Pioneer’ x ‘42-04. 8 3 15.5+£0.12  10.8+055 100+10 E.t.02-33 0.13 30
Tsareva

'Determined by Tyurin, 1956
’Determined by Hadzi-Georgijev & Gogucsevski

30nly one hybrid tree of the family survived which developed as one of best clones in the forest steppe region

“Trees selected for pyramidal crown
*Productivity rank moved up at higher age (see table 4)

In the collections of the subgenus Populus there are 14 families,
and in the collections of the subgenus Eupopulus 45, totalling
59 hybrid families that were successful under the conditions of
Central Chernozem Region of European Russia the (Tables 1
and 2).

In the Veresin collection (No 1) the mean stem volume of hyb-
rid family P. alba x P. tremula at age 20 years was 0.61 m* and
the elite hybrid seedling ‘Voronezh Giant’from crossing P. delto-
ides x P. balsamifera reached a stem volume of 0.29 m? by the
age of 14 years. The selected individual ‘Veresin-I’ had a stem
volume of 1.13 m?®at 20 years showing an advantage of 85 %
over the hybrid families average (Table 3).

The mean stem volume of ‘Voronezh Giant’ at 40 years in Semi-
luksky populetum was 1.74 m?. Separate trees can be larger
(Fig. 1). More detailed data about this populetum is given in
Tsarev & Tsareva (1990), Tsarev (2013a), Tsarev et al. (2014).

The best individual of ‘Veresin-1"had a stem volume of about 6
m? at age 63 years (Table 4, Fig. 2).

In collection No 2, two best hybrid families were selected:
P.alba x P. bolleana and P. deltoides x ‘POK: The mean stem volu-
me in the first family at age 18 years was 0.34 m* and in the
second 0.32 m3. The best selected individuals of the first hybrid
family were the cultivars ‘Veduga’and ‘Bolide’. ‘Veduga’ exceeds
the mean volume of its hybrid family by 85 %. ‘Bolide’ has not
such high growth performance but it has an excellent pyrami-
dal crown and was frost resistant in that region (Figure 3).

The male parent with its pyramidal crown (P. bolleana), intro-
duced from the Astrakhan region, was susceptible to frost,
which killed it. In the second hybrid family the cultivar ‘Steppe
Lada’" was selected. The growth indices and stem volume
growth of these cultivars is shown in Table 4 and Figure 5.

The stem volume of the best families in aspen collection No 3
by age 11 years varied from 0.074 to 0.11 m?. In this collection
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Figure 1

Hybrid poplar ‘Voronezh Giant’
('VGt), which was obtained by M.M.
Veresin from crossing P. deltoides x
P. balsamifera. The age of the trees
is 39 years. Height is 33 m, diameter
56.7 cm. Voronezh region, Semi-
luksky Populetum, May 2013.

Figure 2

Hybrid poplar ‘Veresin-1’, which
was obtained by M.M. Veresin from
crossing P. alba x P. tremula. The
age of the trees is 63 years. In the
marked tree the heightis 40 m,
diameter 69.7 cm, volume 5.95 m3.
Voronezh, collection No 1, January

Photo A.P.Tsarev.

Table 4

2016. Photo A.P. Tsarev.

Characteristics of some best individuals of hybrid and half-sib cultivars at higher age.

Figure 3

Poplar ‘Bolid’, which was obtained
by A.P.Tsarev from crossing P. alba
X P. bolleana. Winter-hardy hybrid
with pyramidal crown. The age

of tree is 38 years, height is 26 m,
diameter 32.2 cm, volume 0.83
m?3. Voronezh region, Semiluksky
collection of A.P. Tsarev hybrids,
August 2015. Photo A.P. Tsarev.

Cultivar name Parent trees Growth parameters
Diameter, cm Height, m Volume, m? **

‘Veresin-1' P.alba x P. tremula 63 69.7 40.0 5.95
‘Veduga’ P.alba x P. bolleana 38 424 24.7 1.36
‘Bolide’ P.alba x P. bolleana 38 322 26.0 0.83
E.t.45-11* P. tremula, Obojan x canescens 34 36.0 25.0 1.27
E.t. 29-05* P. tremuloides x P. tremula (local) 34 36.3 20.5 1.03
E.t.44-02% P.tremula, X, X P.tremula (local) 34 357 21.3 1.04
Et 11-15* P.tremula, X, x P.tremula (local) 34 40.4 215 1.44
vat' P. deltoides x P. balsamifera 40 42.0 32.8 177
‘Steppe Lada’ P. deltoides x P.x ‘POK" 38 47.8 25.0 1.75
‘Breeze’ P.x ‘Pioneer’-half-sib 32 43.0 26.0 1.47
‘Surprise’ Px 'I-455"- half-sib 32 435 215 1.25
E.t.02-33* ‘Pioneer’ x 42-04 8 17.0 11.5 0.13

*E. t. - elite tree
** Determined by formula (1)

more than 20 best hybrid trees were selected. The stem volu-
mes of some individuals are shown in Tables 3 and 4.

In collection No 4 the half-sibs of the open pollinated ‘Pioneer’

variety selected by A.S. Yablokov (1956) and one half-sib tree

from the Italian cultivar 1-455’ (P. x euramericana (Dode) Guini-
er cv. 1-455’) were included. The mean stem volume of the first
family at age 14 years was 0.18 m? (Table 3). The best tree of
this family was named ‘Breeze’. It exceeded with a stem
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volume of 0.43 m® the mean family stem volume by 139 % at
that age. The clone of Italian cultivar 1-455" wasn't frost-resis-
tant and was lost after its introduction to the Voronezh region.
But before this, it gave some seeds from which one tree was
found to be frost resistant and fast growing. It was named ‘Sur-
prise’ At age 14 years its stem volume was 0.41 m? (Table 3) and
at age 32 years it was 1.25 m® (Table 4, Figure 4).

Figure 4

Poplar ‘Surprise; which was received by R.P. Tsareva as half-sib
of 'I-455' poplar. The age of the tree is 32 years, height 21.5 m,
diameter 43.5 cm, volume 1.25 m?, Voronezh region,
Semiluksky collection of R.P.Tsareva hybrids, August 2015.
Photo A.P. Tsarev.

In collection No 5 only one hybrid family (‘Pioneer’ x E. t.
42-04) was selected. The E. t. 42-04 is an A. Tsarev hybrid recei-
ved from crossing P. balsamifera x ‘POK’ (Tsarev, Tsareva, 2010).
The mean stem volume of this hybrid family at 8 years was 0.10
m?3. The stem volume of the best tree (E. t. 02-33) was 0.13 m?
and exceeded the family mean stem volume by 30 % (Tables 3,
4).

As can be seen from the Table 3 and 4, the hybrid plants of
different ages, growing in different conditions, obtained by dif-
ferent breeders showed for the conditions of the region gene-
rally a good growth performance. However, among the fami-
lies growing under similar conditions and age the hybrids were
selected for their favourable characters. They are fast-growing
and show better straightness of the trunk, pyramidal crown,
high winter hardiness, etc. In total 243 plants were selected (10
plants by M. M. Veresin, 56 A.P. Tsarev, 68 V. P. Petrukhnov, and
109 R.P.Tsareva).

900
o Steppe Lada
800 1 pp
- =Veduga
700 4 ssssBolid
E 600 - /
- -2 ”
£ 500 - 7’
5 ”
°
> 400 -
5 .
-
& 300 - vett "
i e
200 -
100 -
0 | T T T T T T T T T T T T T
123 456 7 8 91011121314 1516 17 18
Age [yr]
Figure 5

Dynamics of A.P. Tsarev best poplar hybrids volumes, in cubic
decimeters (m3). C-1 - control to white poplar cultivars ‘Vedu-
ga’and ‘Bolid’ (mean stem volumes of hybrid family P. alba x
P. tremula); C-2 — control to black poplar cultivar ‘Steppe Lada’
(mean stem volumes of hybrid family P. deltoides x ‘POK’)

To date 12 promising individuals were selected, including

3 with a P. alba mother, 4 with a P. tremula mother, and 5 resul-
ting from Eupopulus poplars. Among the Eupopulus hybrids, all
had a mother of the Aigeiros section including two individuals
which were half-sibs of P. nigra (Table 4).
The selection rate in different series of crosses differed, but was
rather stringent. In the permanent collections of M.M. Veresin
two out of fifty hybrid plants were selected. In the surviving
plantings of the later crossings A.P.Tsarev selected 3 out of 810
plants; in the third series (hybrids of V.P. Petrukhnov) 4 out of
1093; and in the newest series by R.P. Tsareva from 1010 plants
three were selected until now. We have selected a proportion
of 0.04, 0.003, 0.003 and 0.003 respectively, ranging from 0.3 to
4 %.

Some of the best poplar hybrids obtained in the Central
Chernozem Region are presented in Fig. 1-4. The growth dyna-
mics of three A. Tsarev hybrids (‘Bolide; ‘Veduga’ and ‘Steppe
Lada’) up to the age of 18 years are shown in Fig. 5.

As can be seen, the height increment of the hybrids in that
period of development was high, particularly in ‘Steppe Lada’
These hybrid trees were cloned and field tested in the Voro-
nezh and Donetsk Regions. After that, they were presented to
the Russian Agronomic Ministry State Sort Commission for pat-
enting. In May 2016 patents and author certificates on these
varieties were awarded.



Discussion

As shown by the reference data, a huge pool of hybrid poplar
cultivars was created internationally. It can include hundreds,
and possibly thousands, of hybrid varieties for different regi-
ons. Among others, European researchers selected and hybri-
dized best trees in natural and artificial stands. More than ten
cultivars were selected by Picarollo and others in Italy (Muhle-
Larsen, 1970; Sekawin, 1971). 149 clones were selected in
Romania by Clonaru a. o. (Ocskay E. A., 1971; Zurma, 1975). 62
aspen plus trees were selected by Zachej in former Czechoslo-
vakia (Zachej, 1961). Nine aspen triploids were selected in Swe-
den (Nilsson-Ehle, 1936; Tomentorp, 1937; Melander, 1938).

Among trees selected in stands, so-called old cultivars of
P. x euramericana hybrids: ‘Robusta; ‘Regenerata, ‘Gelrica; ‘Bra-
bantica, ‘Marilandica; ‘Serotina’a. o. need to be mentioned. Fur-
thermore in Italy 1-214; ‘1-455; ‘I-154; '-488; "I-45/51" a. 0. were
approved. Until 1973 about 35 P. x euramericana hybrids had
been approved (Houtzagers, 1937; Frohlich, Grosscurth, 1973;
Mdiller, 1974; a. o).

In the next years the cultivar lists increased by new poplar
clones which were received on the whole from open pollinati-
on. M. Sekawin (1974) recommended in ltaly 71-455; 1-154;
1-45/51; ,1-72/58’ (‘San Martino’), ‘I-214, ‘Triplo’ (1 37/61°), ‘Bocca-
lairi; ‘Gattoni; ‘Harvard’ (1-63/51°), ‘Lux’ (1-69/55), ‘Onda’ ('I-
72/51").In France some tens clones and cultivars were in opera-
tional use: ‘Fritzy Pauley, ‘Flevo; ‘Onda; ‘Lux; ‘Dorscamp; ‘Gigas’
‘Magister; ‘White Puatu, ‘Alcinde; ‘San Martino; ‘Agate; ‘Altichiero;
‘Blom; ‘Veronese, ‘Guard, ‘Donk’ a. o. (FAO,1979; Barneoud, Bon-
duelle, 1979).

In Germany, recommended cultivars of P. deltoides were:
‘Lincoln; ‘Marquette; and ‘Peoria’. Frohlich and Weisberger
(1974) recommended among old cultivars: ‘Flachslanden; ‘Gel-
rica; ‘Grandis; ‘Harff; ‘Heidemij; ‘Lons; ‘Neupotz, ‘Ostia; ‘Robusta’;
from new cultivars they recommended: ‘Allenstein; ‘Bietigheim;
‘Biichig, ‘Dolomite; ‘Lampertheim; ‘Lingenfeld, ‘Rintheim’; from
Italian cultivars they recommended: 1-274" and Jacometty-78
B’; from balsam poplars: ‘Briihl; ‘Muhle-Larsen’, as well as ‘Scott
Pauley’; and from inter- and intrasectional hybrids: ‘Androscog-
gin; ‘Oxford; and ‘Rochester’ In Germany different hybridization
experiments by controlled crosses of aspen, P. nigra, and bal-
sam poplars were carried out (Melchior, 1985; JanBen et al.
2012; Liesebach et al., 2012 a. 0.).

In North and South America, Asia, New Zealand a. o. places
also big efforts were taken in introducing and using the well-
established cultivars and selecting spontaneous hybrids as
well as carrying out controlled hybridizations (Muhle Larsen,
1970; Zsuffa,1975; Poplars..., 1979; Stanton et al., 2014; FAQ,
2012;a.0.).

Until 1979 more than 100 cultivars were in world-wide use
of (FAO, 1979). Unfortunately, most of these cultivars and hyb-
rids (excluding aspen and balsam hybrids) aren't resistance to
Russian winter frosts. Therefore, Russian researchers are forced
to breed suitable cultivars tolerating the prevailing frosts.

One could conclude that it is not necessary to spend more
on hybridization work as sufficient cultivars are already availa-
ble. Especially, because new genetic methods are being
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developed to increase the diversity of the existing forms of
plants and creation of genotypes with desired traits.

However, looking at the small global resource of commer-
cially valuable hybrids (FAO, 1979; Stanton et al.,, 2014) it is only
a drop in the ocean of possible phenotypic diversity. In
accordance with the Chromosomal Theory of Inheritance of
1903 by Sutton and Boveri, the number of possible phenoty-
pes of two parents is expressed by a value equal to 2", where n
is the haploid number of chromosomes in the parents. Thus,
the number of possible phenotypically different plants, only
one parental pair of poplars can generate is 2'° or 524288 phe-
notypes.

And this is only one pair of the same species without
mutation, polyploidization, transgenesis and other external
influences and without regard to the number of species of
poplar and countless number of pairs in intraspecific and inter-
specific crosses. It turns out that without any interference, the
gene pool of poplars can reproduce billions of different pheno-
types. The task of tree breeders is to select them or try to repro-
duce them by artificial means.

However, each specific context requires differently cultiva-
ted plants. Moreover, in the initial works on hybridization for
practical purposes, breeders tried to select individual superior
varieties or cultivars for different conditions and purposes.

It was later revealed that in order to avoid significant los-
ses due to unforeseen biotic and abiotic influences more than
one cultivar with close economic qualities, but different in
genetic composition are required. To ensure such diversity,
constant efforts are needed to upgrade and improve existing
sets of genotypes.

In addition, as in some other regions of the world, Russia
needs poplar varieties that are resistant to winter frosts. If, in
the warmer regions of the world, such peculiarities are playing
a smaller role, further north this becomes crucial. This breeding
goal, along with growth performance, quality, and others, was
a priority in the case of hybridization in the conditions of the
Central Chernozem Region. The fact, that many selected hybrid
plants have reached a considerable age demonstrates the
accomplishment of the task.

It is interesting to note that for gaining hybrids of higher

quality also a higher intensity of selection is required. Theoreti-
cally, this means that the smaller the proportion of plants
selected from their population, the higher the coefficient of
selection (Zobel, Talbert, 1984). In this case, the proportion of
selected individuals of the population will be equal to about
0.05.
In the analyzed experiments, this proportion was generally
smaller. However, if this requirement applies to individual hyb-
rid families, the intensity of the selected proportion from the
population can be much bigger. For example the hybrid ‘Voro-
nezh Giant’ (‘VGt’) was selected by M.M. Veresin in a single copy
of the family. But it was the best among the many hybrids of
the other families. When testing it in the Central Chernozem
Region it showed outstanding growth characteristics (Fig. 1).

Additionally to the systematic work in producing a vast
number of hybrid offspring, sometimes the factor of “unpre-
dictability” or “luck” is included. In this case, research of the
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genetics department of the Central Research Institute of Forest
Genetics and Breeding in 1971 showed that ‘VGt’ contains the
majority of cells with a triploid set of chromosomes. Their num-
ber was 78.4 %, while the diploid and aneuploidy proportion
was 19.6 %, and tetraploid 1.9 % (Veresin, 1974).

Another phenomenon was shown in a series of crosses by
R.P. Tsareva. The four to date selected best phenotypes were
half-sibs of P. nigra (Table. 4). Among them are the cultivars
‘Breeze’ and ‘Surprise! Special attention is drawn to the latter
which is derived from the Italian cultivar /- 455! Generally, the
experiments in the Central Chernozem Region showed that
Italian poplars are not adapted to the harsh climate. But the
individual of 1 - 455’ obtained from Ukraine managed to give
seed before its complete freezing. From these seeds half-sibs
were obtained, from which this seedling was selected. The
hybrid ‘Surprise’is distinctly more resistant to winter frost than
the female parent tree (Fig. 4).

In 2015, three cultivars ‘Bolid; ‘Veduga’ and ‘Steppe Lada
were transmitted to the state registration authorities of hybrid
varieties and were approved. The first two differ in their pyra-
midal crown and the third in high productivity. All three culti-
vars are resistant to winter frost in the Central Chernozem Regi-
on. Cultivar ‘Bolid’ which has a cypress-like pyramidal crown is
presented in Fig. 3.

It should be noted that in the Russian State Register until
2015 only three cultivars of poplars from all 13 cultivars of
forest trees and 17750 cultivars of various agricultural, fruitand
ornamental crops are listed [State register...,, 2015]. This list has
now been extended by three new A. Tsarev cultivars ‘Veduga,
‘Bolid” and ‘Steppe Lada’ to be used in the Central Chernozem
Region.

’

Conclusions

Despite the emergence of various genetic techniques to create
new genotypes with desirable properties (mutagenesis, poly-
ploidy, transgenesis etc.) hybridization is a successful breeding
method resulting in genotypes with a new combination of
genes important for poplar culture.

- Among the woody plants in the temperate zone, the

most successful breeding results were obtained in poplar. The
number of practically important hybrids has increased expo-
nentially, if counting from the mid-forties of the twentieth cen-
tury with 83 important hybrid poplar cultivars (excluding the
USSR). However, this is only a little fraction of the possible phe-
notypic diversity in the genus Populus.
- In the Central Chernozem Region by efforts of several genera-
tions of researchers 736 crossing variants of poplars of the
Populus and Eupopulus subgenera were realized resulting in 54
thousand hybrid seedlings. After a first selection in the seed
bed about three thousand seedlings were field tested under
different site conditions.

- There was a periodic selection in the field tests throug-
hout the ontogeny of plants after phenotypic evaluation of
growth performance, disease and frost resistance, stem quality
and other economically important traits. Initially, 243

individuals were selected. With further selection steps to date
12 cultivars were selected among the best suited hybrid plants.

- Not all of the global pool of poplar hybrids currently has
found practical application. Of the tens and hundreds of
thousands of hybrids produced internationally, approval and
official registration was given only to a few dozen cultivars. In
Russia only three varieties were registered officially. Now, this
list of poplar cultivars has been extended by three varieties of
A.P. Tsarev (‘Veduga, ‘Bolid" and ‘Steppe Lada’). Some hybrids
and original forms are preserved in the collections of the gene
pool, and can find application in the future.

- In order to mitigate the risks of unforeseen calamities,
injury or other adverse factors, not only one but several culti-
vars are needed for sustainable afforestations with close eco-
nomic value, but different genetic composition. Given this,
poplar breeding is continuing to be of great importance in
both, the immediate and the long term future.
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