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Abstract. The results of 40 years of testing of more than 20 aspen clones selected in various
regions of European Russia and the USSR, growing in the Semiluki Tremuletum in the Vo-
ronezh Region, are presented. The survival of plants, growth in height, diameter and volume
of the stem are shown. A ranked assessment has been given and a selection of promising
clones for the creation of highly productive aspen plantations has been carried out. It has also
been noted that sexual dimorphism can have different effects on aspen rot resistance in differ-
ent growing conditions. The testing has been conducted at the Central Research Institute of
Forest Genetics and Breeding (currently the All-Russian Research Institute of Forest Genet-
ics, Breeding and Biotechnology). A number of employees of the Institute have been engaged
in the selection of the best forms, and then in hybridization, since its organization in 1971.
The aim of this study has been to investigate the survival and growth of 21 long-lived aspen
clones, as well as their productivity (in terms of stem volume), growing in the Semiluki Tremu-
letum of the Voronezh Region. It has been revealed that the height variation at the age of 40 has
been quite wide — from 17.3 to 31.3 m, diameters — from 28.0 to 50.0 cm, stem volumes — from
0.3 to 2.4 m3. The top 5 has included 2 aspen clones from the Botanical Garden of the Voronezh
State University (clones no. 16 and 17), 2 hybrids introduced from the Baltic States (clones
no. 20, 23) and American aspen (clone no. 29). Their average height at the age of 40 has been
26-31 m, diameter — 4250 cm, stem volume — 1.4-2.4 m3. This indicates the possibility of
selecting promising aspen clones for their further propagation and introduction into planta-
tion forest cultivation. At the same time, male clones (Pzg hybrid and American aspen clone
no. 29), also introduced from the Baltic States, can be recommended for landscaping.

Keywords: tremuletum, aspen, clones, hybrids, variety testing, ranking, growth and produc-
tivity analysis, sexual dimorphism, selection
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Annomauyus. TlpencrasneHsl pe3ynbratsl 40-1eTHUX HCIBITaHUH Ooiee dem 20 KIIOHOB
OCHHEBI, 0TOOpPaHHBIX B Pa3MUYHBIX pernoHax Eppormetickoit Poccun u CCCP. Kionsr mpouns-
pacraror Ha CeMIITyKCKOM TpemyseTyMme B BopoHexkckoii oomactu. [1oka3aHbl cOXpaHHOCTH
pacTeHuii, pocT 1o BBICOTE, TMAMETPY M 00beMy cTBOJA. [laHa paH)XKMPOBaHHAs OICHKA M
MIPOBEAEH OTOOP MEPCIIEKTUBHBIX KJIOHOB JUISI CO3aHHS BBICOKONPOIYKTUBHBIX OCHHOBBIX
HacaxeHni. OTMEUYEeHO, YTO MOIOBOH AMMOP(H3M MOXKET M0-Pa3HOMY BIHATH Ha THHUIICY-
CTOMYMBOCTH OCHH B Pa3IMUHbBIX YCIOBUAX MECTOIpon3pacTanus. McslTanns MpoBOAMINCE
B LleHTpanbHOM HayYHO-HMCCIIEI0BATEIECKOM HHCTHTYTE JIECHOM TeHETHKH 1 CEJEKINH (B Ha-
crosiee BpeMst — Beepoccuiickuil HayuHO-HCCIE10BaTENbCKUN HHCTUTYT JIECHON T€HETUKH,
ceneknuu 1 OnorexHonorun). OTOOpOM Tydmux GopM, a 3aTeM rHOpHUIU3aiei COTPYIHIKI
“HCTUTYTa 3aHUMaroTcs ¢ 1971 r. Llenbro JTaHHOTO MCCIEA0BaHUs CTAJI0 U3YUYEHUE COXPAaHHO-
CTH, POCTa U IPOAYKTUBHOCTH (110 00beMy CTBOJIOB) 21 KJIOHA OCHHBI B MHOTOJISTHEM BO3pPac-
Te, mponspacTaomux B CeMITyKCKoM Tpemyietyme BopoHeskckoit obnactu. BersieHo, 9ro
BapbHUPOBaHUE BEHICOT B 40-1€THEM BO3pacTe OBLIO TOBOIBHO MIMPOKHM — OT 17,3 mo 31,3 M,
nmuameTpoB — ot 28,0 mo 50,0 cMm, o6beMoB cTBONIOB — OT 0,3 10 2,4 M3. B maATepKy ITydmmx
BBIJICJICHBI 2 KJIOHA OCHHBI M3 OOTaHMUYECKOTro cajia BOpOHEKCKOTo rocyJapcTBEHHOTO YHU-
BepcuteTa (KI0HB Ne 16 u 17), 2 rubpuna, mHTpoxyHpoBaHHble n3 [Iprbantuku (KIIOHBI
Ne 20, 23), u ocuna amepukanckas (kioH Ne 29). Vx cpennsist Beicota B 40 JeT cocTapisiia
26-31 M, muametp — 42-50 cm, 00beM cTBona — 1,4-2,4 M3. DTO CBUACTEINBECTBYET O BO3MOXK-
HOCTH 0TOOpA NMEPCHEKTUBHBIX KIIOHOB OCHHBI JUIS MX PA3MHOXKEHHSI M BHEIPEHUS B TUIAHTA-
LIMOHHOE JIeCOBhIpaniuBanne. Myskckue KJIoHbI (TuOpun Pzg m KI0H aMepuKaHCKOH OCHHBI
Ne 29), Taxxe UHTpOIyIpOBaHHEIE U3 [IpHOaNTHKN, MOKHO PEKOMEHIOBATH IS O3CIICHEHS.

Knioueswvie cnosa: Tpemynetym, OCUHA, KIIOHBI, THOPH/IbI, COPTOUCIIBITAHNE, PAHKUPOBAHHE,
aHAJIN3 POCTa U MPOAYKTUBHOCTH, TIOJIOBOI TUMOP(H3M, 0TOOD
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Introduction

Aspen is widespread in the forests of Russia and is one of the most important
forest species. In terms of area among deciduous trees, it ranks second after birch. Its
area is up to 25 million ha with a stand of timber of 3 715 million m3/ha [18].

This species has rapid growth, root-sprouting renewability, and unpretentious-
ness to growing conditions. Aspen wood is widely used in construction, pulp-and-
paper industry, bioenergy and in the manufacture of containers. Sawlogs, veneer,
plywood, fiberboard and chipboard are produced from it. In addition, it is considered
the main species for ravine and gully detention and can be used as feed additives in
animal husbandry [1, 3, 21].

Russian foresters have noted the economic importance of aspen and its use
back in the 19th century, and possibly even earlier. Among them we can mention
N.S. Nesterov, B.A. Kunitsky, M.K. Tursky at al. But the greatest contribution to
the study of the vital activity of aspen, its significance and breeding has been made by
A.S. Yablokov (1963) [26].

The largest area of aspen stands is located in the forest zone of European Russia,
in the forest-steppe and in the south of Western Siberia, where they replace primary
stands of the main forest-forming tree species and form secondary stands replacing
the former climax forests. Aspen stands grow mainly in forests of complex types. As
a rule, aspen grows in medium-fertile and dry soils with normal or wet conditions. In
the forest area, its stands include an admixture of forest tree species found in primary
forests (spruce, fir, pine, oak, linden, etc.), and sometimes also birch and alder (Fig. 1).
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Fig. 1. The aspen stand with
an admixture of pine and spruce
in the Republic of Karelia
(Konchesero)

In the Central Black Earth Region, the volume of aspen stemwood by
theage of 10 is 40-50 m3/ha; by the age of 30, itincreases 3—4 times (150-200 m3/ha);
and by the age of 70, the volume reaches 500-550 m¥ha. In stands growing in
particularly favourable conditions, the average stand at the age of 70 years can
reach 650 m3/ha. Quantitative maturity is recorded at the age of 25-30 years, tech-
nical maturity — at the age of 35 years. The maximum average annual increment
is reached at the age of 40. In high-quality stands it can be 2.9-3.9 m3/ha/year in
the centre of the species’ natural habitat and more than 5—7 m?3/ha/year in the Cen-
tral Black Earth Region (Fig. 2, 3).
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However, it should be noted that aspen in mature and overmature stands is very
susceptible to core rot. Earlier studies have been conducted in the Right-Bank For-
estry of the Educational and Experimental Forestry Enterprise of the Voronezh State
University of Forestry and Technologies [19]. A study of the degree of aspen stands
affected by core rot (823 ha of aspen stands have been examined) has shown that
the infestation of trees, depending on age, has varied from 0.6 % in age class II, to
16.1 % in age class IV and up to 90.4 % in age class VII (Table 1).

Table 1

The yield of healthy wood in natural aspen forests in the Voronezh Region depending
on age classes

) Age classes
Indicators
1 1I 111 v \% VI VII
Stand volume, m3/ha 15 150 184 238 262 304 301
Infestation with core rot, % 0 0.6 1.6 16.1 31.2 59.6 90.4
Healthy wood yield, m3/ha 15 141 181 200 180 123 29

It has been established that the maximum yield of healthy wood in the studied
aspen stands has been in the IV age class and has amounted to 200 m3/ha. This age,
apparently, should be considered the age of aspen felling. The yield of healthy wood
in the older age classes (V and VI) decreases slightly, and in the stands approaching
maturity (age class VII) it falls to 10 % and amounts to only 29 m3/ha.
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Fig. 2. The plus aspen stand. Voronezh State Nature Reserve, block 6, sample plot no. 3.
On the left — age 45, average height 24 m, average diameter 26.4 cm. March 1967.
On the right—age 94, average height 30 m, average diameter 44 cm. August 2014

It should also be noted that male aspen trees are more susceptible to rot than
female ones. The study of sexual dimorphism in aspens in the age class V has shown
that the infestation of male trees has been 33.7 %, and 22 % in female trees, i.e. in
male plots it has been 1.5 times higher than in female ones.

Unfortunately, core rot is very difficult to deal with. Currently, there are several
promising ways to obtain healthy aspen wood, and first of all, it is the selection of
plus healthy trees in natural stands, in collections of clones and hybrids.
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The staff of the Voronezh State University of Forestry and Technologies has
begun to select rot-resistant aspen forms in the Central Black Earth Region after
the end of World War II. The works of A.V. Tyurin, O.G. Kaper, M.M. Veresin and
others are well known [21]. In the following years, the research area has been ex-
panded. Thus, in the Moscow Region (the All-Union Scientific Research Institute
of Silviculture and Forestry Mechanization), Kostroma Forest Experimental Sta-
tion, Kursk Region (Oboyansky Forestry), Novosibirsk Region, Leningrad Region,
and others, the selection of the best aspen clones in natural forests has been car-
ried out by A.S. Yablokov (1949, 1963), S.P. Ivannikov (1959), V.T. Bakulin (1966),
S.N. Bagaev (1967) et al. [2, 3, 26, 29].

Fig. 3. The stem of aspen tree
in sample plot no. 12.
Savalsky Forestry of the Savalsky
Forestry Enterprise, block no. 3.
The Voronezh Region

In the Central Research Institute of Forest Genetics and Breeding (currently
the All-Russian Research Institute of Forest Genetics, Breeding and Biotechnology),
R.P. Tsareva (1984), A.P. Tsarev (1988), V.P. Petrukhnov (1988) at al. have begun to
engage in the selection of the best forms of aspen, and then in hybridization of them
(since the establishment of the institute in 1971) [16, 19, 21].

In the last decade, similar work has been actively carried out at the Kostroma
Forest Experimental Station of the All-Russian Research Institute of Silviculture and
Forestry Mechanization, at the Saint-Petersburg State Forest Technical University, at
the Faculty of Forestry, Forest Harvesting, Wood Processing Technologies and Land-
scape Architecture at the Mytishchi Branch of the Bauman Moscow State Technical
University, etc. [1-6, 27-29].

The aim of this research has been to study the survival and growth of 21 as-
pen clones at the age of 40, as well as their productivity (in terms of stem volume)
growing in the Semiluki Tremuletum of the Voronezh Region and to select promising
clones for plantation afforestation.

Research Objects and Methods

The best aspen clones have been selected for testing:

in the Right-Bank Forestry of the Educational and Experimental Forestry
Enterprise of the Voronezh State University of Forestry and Technologies (clones
no. 7 and 9);
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in the Savalsky Forestry and in the Botanical Garden of the Voronezh State
University (clones no. 11, 16, 17);

in Valuyki and Gubkin of the Belgorod Region (clones no. 14, 15);

in the Oboyansky Forestry Enterprise of the Kursk Region (clones no. 12 and 13)

in the Kostroma Region (clone no. 10).

In addition 10 new hybrids of aspen bred by Ya.Ya. Smilga (clones no. 18-27)
and American aspen (clone no. 29), introduced from the Baltic States, have been ob-
tained by way of exchange.

In 1974, V.P. Petrukhnov created a tremuletum from selected aspen clones at
the Semiluki Experimental Demonstration Nursery. After his retirement, research at
this facility was continued by R.P. Tsareva.

Planting has been carried out using 1-year-old grafted seedlings at a spacing
of 5x5 m. 21 aspen clones have been planted. True-rooted seedlings of local aspen
(clone no. 6) have been used as a control. The survival and growth of aspen clones in
height and diameter have been studied in the tremuletum. The volume of stem wood
has been determined (according to the tables by Hadzi-Georgiev and GoguSevski,
1972) [9].

Results and Discussion

An analysis of the condition of the aspen plants under study have shown that at
the age of 40 their survival rate has been 80 %. At the same time, the control sample
has had a survival rate of 74 %. The average height of the trees has ranged from 17.3
(clone no. 10 from the Kostroma Region) to 31.3 m (clone no. 17 from the Botani-
cal Garden of the Voronezh State University. In the group of hybrids obtained from
the Baltic States, the height has varied from 15.4 (clone no. 24) to 27.3 m (clone
no. 20). The average height of the aspen clones tested in the tremuletum has been
24.5 m (Table 2).

The parameters of average diameters have varied in the first group from 28.0
to 50.0 cm, in the second — from 25.2 to 44.3 cm. Overall, the average diameter for
the area has been 37.5 cm. The average volume of stems has ranged from 0.30 to
2.4 m3, and for the entire area it has been equal to 1.06 m3. The control group has
had an average height of 19.5 m, an average diameter of 32 c¢m, and a stem volume
of 0.61 m3.

According to the results of the ranking by height, diameter and volume of
stems, the top 5 (ranks 1-5) in terms of growth and productivity has included as-
pen clones no. 16 and 17 selected at the Botanical Garden of the Voronezh State
University, as well as aspen hybrids from the Baltic States (clones no. 20, 23) and
clone no. 29 of the American aspen. Among them there are 2 male clones (no. 20 and
29), which do not produce fluff and can be used in landscaping. The worst indica-
tors of growth and productivity in the tremuletum have been found in some hybrids
introduced from the Baltic States (clones no. 19, 22, 24, 26, 27) and clone no. 10
(rank 19) from the Kostroma Region. This may be due to the fact that the listed clones
have been introduced from more northern and humid latitudes to the south-west of
the country, that is, to the more arid Central Black Earth Region. The remaining
studied aspen clones and hybrids have occupied an intermediate position in terms of
growth and productivity.
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During many years of work at this field object, sexual dimorphism of the as-
pens has been studied. The greatest interest in this regard is the rot resistance of aspen
trees of different sexes. This has made it possible to identify male aspen forms that
can be used in landscaping. It has been established that 57 % of the studied forms
are male clones and 43 % are female. That is, all male aspen clones (no. 7, 12) and
some hybrids introduced from the Baltic States (no. 20, 21, 22, 25, 26, 27) can be
recommended for landscaping, as well as a clone of American aspen (no. 29). Highly
productive female aspen clones can be recommended for protective, energy and other
types of plantations.

Earlier studies carried out in the Voronezh Region among male clones (on an
area of 402.1 ha) and female clones (on an area of 91.6 ha) have shown that, overall,
the incidence of core rot has been 33 % lower in female aspen stands than in male
ones [19, 21].

The verification of these data has been carried out in aspen stands of age
class V (41-50 years old) on an area of 267.2 ha. The number of trees with core
rot in this class has been 33.7 % in male aspen stands, and 22.2 % in female
ones. That is, female aspen stands have been affected 1.5 times less. An analysis
of the data obtained on growing conditions has shown that such an advantage is
observed in favourable growing conditions (B;, C,, C;, D,, D,) (Fig. 4). In un-
favorable growing conditions for aspen (B,) male clones have been found to be
more resistant to core rot.

45

- ERE

40.5

40 1
34.8 34.3

33.0

35 1
30 -
254 232
20 -
15 +

10 -

The incidence of core rot, % of affected trees

g

B2 B 2 €3 D2 D3

Type of growing conditions
Fig. 4. The incidence of core rot in male and female aspen stands in various growing
conditions aged over 30

In the current century, similar studies have been conducted in the Leningrad
Region in the Lisinsky Educational and Experimental Forestry on 15 aspen clones
and 35 poplar clones. At the age of 10, the height of the clones on the object has var-
ied from 7.7 to 10.5 m, and the diameter — from 3.5 to 16.9 cm. As a result, the best
clones have been selected at the site [4, 5, 27, 28].

In 2009, at the Institute of Biology (Syktyvkar) in the Komi Republic, an ar-
chive of clones of 42 hybrids and 10 clones of common aspen trees has been estab-
lished. According to A.L. Fedorkov, at the age of 10, hybrid aspens have had a height
of 6.4 m, a diameter of 5.1 cm, and common ones — 4.3 m and 3.1 cm, respectively.
That is, at this age, hybrid aspens have exceeded common ones in height and diam-
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eter by 61-65 %. The author concludes that use of hybrid aspen trees for plantation
forest cultivation in the taiga zone is promising [8].

Aspen breeding has also been carried out abroad: in Germany, Sweden, Nor-
way, Finland, Poland, Czechoslovakia, Scotland, the Baltic States, the USA, Canada,
etc. [13-15, 20, 22-25].

If in the 30s of the last century aspen was considered as undesirable species
in many countries, significant work is currently underway on its breeding and wide-
spread use [13, 14, 24, 25]. The main method of obtaining healthy aspen wood in
these countries is the selection of the best forms, their propagation and cultivation on
plantations [7, 10-12, 17, 22].

Conclusions

1. Aspen is one of the fastest growing woody plants, which has been increas-
ingly used in recent decades, both in our country and abroad.

2. A 40-year study of the growth and survival of 21 aspen clones in the Central
Black Earth Region has shown that, according to the results of the ranking, the top
5 (ranks 1-5) have included aspen clones no. 16 and 17, selected at the Botanical
Garden of the Voronezh State University; 2 hybrids (clones no. 20, 23) and American
aspen (no. 29), introduced from The Baltic States.

3. Their growth rates at the age of 40 have been as follows: height — 26.0—
31.3 m, diameter — 42.2-50.0 cm, trunk volume — 1.42-2.40 m3.

4. The selected aspen clones are recommended for reproduction and their wide
introduction into plantation forest cultivation in the Voronezh Region.

5. In addition, male clones introduced from the Baltic States (R, hybrid,
and American aspen no. 29), which do not produce fluff, can be recommended for
landscaping.
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