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Cedar forest is the most complex and dynamic formation of the Siberian Taiga.
It clearly demonstrates the processes of natural regeneration dynamics, sustainability,
space-time structure and biodiversity of Siberian forests (Drozdov and Grishenkov, 2003).
Within its range, Siberian stone pine grows in various environmental conditions,
including high mountains and marshland, which led to the formation of various ecotypes,
forms, biotypes that has been created by nature for centuries (Nikolaeva and Savchuk,
2013). Much attention is currently being paid to biological and seed productivity of cedar
cultures depending on their geographical origin (Bratilova and Kalinin, 2012; Matveeva
et al, 2012; Dragavcev, 2008). This study involved research on the growth of the Siberian
cedar pine (Pinus sibirica Du Tour) in the process of artificial plantation formation. In
order to develop methods for the genetic evaluation of plant structures and search for
indicators, patterns of growth for 100 model trees were analyzed in the experimental
population.
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Selection is one of the recognized ways
to improve the productivity of future forests.
Analytical selection consists of phenogenetic
manifestation of natural and artificial populations,
definition of their genetic structure, identification
of not only the most valuable species and types
of plants, but also the most valuable specimens
and quantitative assessment of their featuresasa
basis for the choice of selection system.

The purpose of theresearchisto evaluate
the genetic structure of amodel population and to
check the solving capabilities of various
guantitative methods with their further testing in
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natural forests in different environmental

conditions.

In this regard the following objectives
were defined:

1 To investigate and devel op methods for the
genetic evaluation of the structure of model
forests;

2 To define the direction and method of
selection to realize the program of
accelerated effect on the plantations created
for various purposes.

With the accumulation of biological,
ecological and geographical data of the Siberian
cedar pine (Kolesnikov and Smolonogov, 1960;
Nekrasova, 1972; Danchenko et al, 2012;
Myasnikov and Danchenko, 2012; etc.) the
identification of morphological variability on
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various grounds (Iroshnikov, 1972) theinterest of
researchers in this widespread and very valuable
species hasincreased even further. Intheir works,
the authors use a variety of morphologica and
physiological features as indicators for finding
valuable forms and they implement different
methods for their assessment and selection.

In order to substantially increase the
volume of the material involved in research, the
methods which do not require a change of
generations are necessary. In recent years, quick
assessments of variation components which do
not require a change of generations were
developed by an Indian researcher — Shrikhande
(1957).

MATERIALSANDMETHODS

An analysis of references on the
analytical selection of the Siberian cedar pine
allows us to suggest that phenogenetic features
and a genotypic population structure are still not
studied enough in Siberia, and in some parts of the
environment they are not studied at all. There is
no comparative analysis of the estimates of the
genotypic structure of the population on various
environmental backgrounds.

In view of the above, the authors
embarked on research in order to clarify the
phenotypic expression of the genotype changes
due to the changes of environmental conditions,
establishing the applicability of the method of
positive selection for the Siberian cedar pine in
limited parts of the habitat, identifying the
effectiveness of the expected improvement of
economically valuable features in a certain
selection system, and identification of preliminary
assessment opportunities of the properties of
maternal trees and their posterities on the basis of
methods of early diagnosis, development of
evaluation methods for the level of individual
resistance of selected plants and family reaction
of half-sibsto changing external conditions.

The research involved testing of a
methodology for sampling experimental material
and theuse of different mathematical toolstoreveal
degrees of genetically conditioned variability of
economically important traits using 15-year-old
cultures of the Siberian cedar pine as an example.

The experimental research was
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conducted in the South-West of Western Siberia,
inthe sub-zone of south taigaof the Tomsk Region.

RESULTSAND DISCUSSION

Analysis of the results obtained by
processing the data using the autocorrelation
function and the spectral density of the stationary
random function (Jenkinsand Watts, 1972) involves
thefollowing:

1 Comparison of the plants with the same
spatial distribution in order to judge the
impact of factors on the structure of a
feature’s changes;

2 Comparison of the plant response to
changes in external factors and the nature
of metameric featurevariability to estimate
relative independence from unregulated
varying of environmental conditions.

The data obtained allows us to extend
the research on natural cedars to identify the
genotypic heterogeneity of their growth and
fruiting for subsequent verification of selected
individuals of different selection categories and
evaluation of the expected improvement.

From Table 1 it can be seen that over a
decade of crop growth the evaluation of their
variance in height has increased almost 12 times
and its components grow in proportion to the total
dispersion. The variance between couplesof plants
and their groups of 4, 8 and 16 is associated with
the number of varying environmental conditions.
The magnitude of variation of growth of adjacent
treesover 10 yearsremained practically unchanged
and amounted to an average of 30%. An integral
part of the variance in groups and pairs of plants
remained unknown (despite the long period of
growth and change in the conditions of growth
during the same period), i.e. the size of the plants
has significantly changed, but the structure of their
populations in space and time is preserved.

The differences between dispersion
components of the neighboring trees and other
groups, except between pairs of trees, are highly
reliable, which shows a significant diversity of
forest conditions.

Table 2 shows the trend in growth rates
of trees for the period from 15 years on eight
sections of the crops. From these materialsit can
be seen that at intervals 1.3 and 4 there is a



627

DANCHENKO et al., Biosci., Biotech. Res. Asia, Vol. 13(2), 625-629 (2016)

6'178T9CT 60 8'17558.€ L'08TZS 60 6'75059€ 6'078LT T0€9°0 8C19.9¢ qT
8'69¢¢0T 60 ¥7'60890¢ 10962 60 ¥'02,00¢ 8'T667T TS79°0 €'L/8v2e 14
¥'LLE06 60 2'CeETTLL T'15¢8e 60 6°,5./9¢ L'06¢€T 87990 €09e66T €T
¥'/.86€EL 60 T296TCC 0'8¢€TE 60 T'96¢61¢ S'0v80T 97990 €°,0929T r4)
L'/28T9 60 T'€8VS6T 9'€229C 60 €'G95€8T 2’6968 82990 G'LESYET 1T
506681 60 9'TL69YT 9'€¥80¢ 60 7'G06SPT 0’6769 €6¥9°0 €veCroT (0]
S'7999¢ 60 9'€6960T 9'TC9ST 60 T'5e60T €'G5¢S 21890 8'8¢88.L 6
6'6T2.C 60 L'699T8 §'GSSTT 60 988808 €vr8e €189°0 879919 8
0°200T¢ 60 T°0TCE9 91888 60 6°0LT29 WA 990 880y L
6°G98ST 60 9°/6S.Y €799 60 T'0vvor 8'6¢T¢ 20590 8'9v6TE 9
€2e8TT 60 6°96%SE L7188V 60 2'LTve ¥7'88rT 86090 09ceee S
uoisedsip Jo % sakenbs Jo  uoisldsIp Jo % sofenbs Jo  uoisldsIp Jo % safenbs Jo
uolieneA Jua2Jed Arewwns uolireneA wa2Jed Arewwns uoienea WwadJad Arewwns
S99.] YIUSRIX IS Usamieg ssa.) b UsaMIBg S99.1] IN0} UMDY
sjuauodwod uoissadsig sieah ‘aby
uolfeulwiel ‘T a|gel
2'e6vs 60070 SG'6520.LT 8'€0Ty 9662°0 YAVAYARA 2.9 67691Cy S0'TEE °1
¥'08TY LT.E0 S'T656¢CT 9cese TrTE0 6'TTS60T 9°€ESs Z'ST98YE T9'86¢ 14"
€'60.E LT8E0 G886V TT 0¥00g T60€°0 L'ECTEB ST8LY 6'GECTOE St'9¢ €T
0°€s0e 893€°0 S'TYIr6 9’617 990€°0 29005 7'€88€ 6'€9977C Sy'Lee 45
9'6.5¢ ov6€°0 0°2966. 0'¥86T 0€0€'0 ¥'S0ST9 6Tcce 8°,.6202 61°00C T
Tce0e ¥26€°0 §'56629 2'€lST 8200 1°'89/8% T'8v5¢ 9'TES09T rTLT ot
6°'/9GST 0020 S'v0981 §¢80T 00620 2'855¢€¢e 8'9¢8T 6'02.STT S0°0ST 6
€68TT 95eY'0 G'6989¢ 7'0LL 22820 8'288¢€¢C VEVET T'5e878 €8'.¢eT 8
2’66 88EY'0 §'2898¢ 9169 90820 8'8€€6T S'/E0T T°09€99 €€L0T L
8'€89 vTEY'0 G'/6TTC 9051 €v8Z0 6°'896€T 6'6LL ¥'SET6Y 0,98 9
¥'SLy o140, 40] 09eL¥T 8¢se 8862°0 6°L£60T TT18S 8'TT99¢ 7629 S
uoisiedsip Jo % safenbs Jo uoisledsip Jo % safenbs jo uoisedsip safenbs
uoieneAa Jua0Uad Arewwns uoleneAn Jua0Uad Arewwns JOo J0 un
aul|e u1saa.) Jo sired usamieg S99.) palen1is Jeau Usampg uoienen Arewwns by sieak

sjusuodwiod uoisiedsiq

uosiedsip Arewwns

wnipo N v

(euid repao UeIIRQIS) S9UN1NJ PlO-eaA-GT JO 1yBIBY JO MOI 3] UIS3911 8] JO SdURILIRA JO SISA[eUR JO S1Nsalayl ‘T a|qel



628

Table 2. Dynamics of indicators of tree growth in height in
different parts of aline of forest cultures from 5 to 15 years
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No. of section

Height of plants of the age, years

inline 5 6 7 8 9 10 11 12 13 14 15
Height, cm

1 51.1 64.4 80.5 97.1 1144 1311 1551 180.1 2134 248.6 280.6
2 69.5 89.2 109.2 1289 1485 1696 199.2 2275 263.0 296.2 330.0
3 56.9 74.2 92.8 109.0 1292 1452 1725 2002 2357 269.2 296.7
4 62.2 79.7 100.7 1185 1364 1565 1840 2087 2420 273.7 29.1
5 81.1 1016 1225 1459 1707 1917 2231 2504 2921 326.6 368.1
6 68.5 88.6 110.2 1339 157.0 1812 2127 2436 2815 3149 3497
7 80.2 10.3 1296 1545 183.6 210.7 2446 2736 3174 353.1 394.6
8 73.8 92.2 113.0 1349 1605 1851 2161 2354 2715 3084 3404
Order coefficient

1 0.75 0.74 0.75 0.76 0.76 0.76 0.77 0.79 0.80 0.83 084
2 1.02 1.03 1.01 1.01 0.99 0.99 0.99 1.00 0.99 0.99 1.00
3 0.84 0.85 0.86 0.85 0.86 0.85 0.86 0.88 0.89 0.90 0.90
4 0.92 0.92 0.93 0.93 0.91 0.91 0.92 0.92 0.91 0.92 0.90
5 1.19 1.17 1.14 1.14 1.14 1.12 1.12 1.10 1.10 1.10 111
6 1.00 1.02 1.03 1.05 1.05 1.06 1.06 1.07 1.06 1.05 1.06
7 1.18 1.19 1.20 1.21 1.22 1.23 1.22 1.21 1.20 1.18 1.19
8 1.10 1.06 1.05 1.05 1.07 1.08 1.08 1.03 1.03 1.03 1.03

significant lag in growth of trees compared with
other parts of the series. At the age of 15, the
difference in the average height of the areas with
the best growth reaches 0.5-1.5 m. Rank
coefficients of tree height in different parts of the
series remain unchanged with age, as evidenced
by the value of the correlationratio (= 0.96). This
suggests that at a different growth rate the trees
grow throughout the series according to the same
principle.

Calculation of the heritability coefficient
of tree height using Shrikhande’s method revealed
aremarkable genotypic diversity (i2=0.78) in the
Siberian cedar pine, showing higher growth rates
at the age of 15.

Consequently, selection may lead to a
noticeable effect. However, this method requires
testing with more representative samples prior to
widespread use in practice.

CONCLUSON

The research results show that analysis
of the structure of the phenotypic variability of
traits of individualsin populationsis an effective
means of gaining knowledge of the processes of

ontogenetic and biocenotic levels of plant life
organization and is a prerequisite for the
identification and development of the resources
on the genetic variability of plants.

Analysis of the structure of measurable
trait variability in populations leads to the
formulation of problems of morphological
measurements and to the justification of
guantitative methods to solve them.

Research aimed at the development of
measurement problems, especidly from the position
of its analytical direction — phonetics — is a
promising area in botany and plant genetics.
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