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SCOTS PINE NATURAL REGENERATION CYCLICITY AS THE
THEORETICAL BASIS FOR THE DEVELOPMENT OF MEASURES
TO SUPPORT INDIGENEOUS FORESTS REPRODUCTION

SAETYKOW A. N., KOLCZANOWA O. Cyklicznos$¢ naturalnej regeneracji sosny jako teoretyczna podstawa do opraco-
wania dzialan na rzecz naturalnych proceséw odnowy rdzennych laséw. Przedstawiono wyniki badan przeprowa-
dzonych w latach 20032015 nad procesami naturalnej regeneracji sosny na obszarze stepowym oraz w strefie lasow
iglastych, mieszanych i liSciastych Rosji oraz Ukrainy. Stwierdzono cykliczno$¢ badanych proceséw. Przyjeta koncepcja
cyklicznosci naturalnego regeneracji w lasach sosnowych, uwzglednienie zasad przestrzenno-wiekowej struktury ceno-
populagji podrostu oraz wspoétczesnych doswiadczen w zakresie tworzenia stopniowych zrebdw, stato sie podstawa do
poprawy istniejacych sposobdw restytugji i odnawiania rdzennych laséw sosnowych.

Caatsikos A. H., Koauanosa E. IMKaMIHOCTD eCTeCTBEHHOTO BO30OHOBAEHISI COCHBI KaK TeopeTudeckasi OCHOBa
AAsT pa3pabOTKM MepPONPUSITUI IO COIIPOBOXAEHMIO IIPOIeCCOB eCTeCTBEHHOTO BO30OHOBAEHNsI I BOCCTAHO-
BA€HMsI KOPEHHBIX 1€COB. Pe3yabTaThl McCAeAOBaHNII IIPOI[ECCOB €CTECTBEHHOTO BO30OHOBAEHMS COCHBI B YCAOBMSIX
CTEITHO, 1€COCTEIHOII 1 30He XBOIHO-IINPOKOAUCTBEHHBIX AecoB Poccun n YKpauHsl, BEIITOAHEHHBIE B TeUeHIe
2003-2015 rT. MO3BOAMAN BBIABUTH HaAm4le IIMKANYHOCTY B paMKaX 13ydaeMoro Iponecca. IIpunaTne KoHnennmum mu-
KAMYHOCTY €CTECTBEHHOTO BO30OHOBAEHNsI COCHSIKOB HapsIAy € 3aKOHOMEPHOCTSIMHU IPOCT PaHCTBEHHO-BO3PACTHON CTPYK-
TYPBI LIEHOTIOMYASILINI ITOAPOCTa I COBPEMEHHBIM OITBITOM BBITTOAHEHNs IIOCTEIIEHHBIX PYOOK ITOCAY>KMAN OCHOBAaHUEM
AAs COBEpPILEHCTBOBaHMs CYIIIECTBYIOIIEIO KOMILAE€KCa Mep II0 COIPOBOXAEHMIO IPOIIeCCOB BO3OOHOBAEHMS M BOCCTa-
HOB/AEHISI KOPEHHBIX COCHOBBIX 1€COB.
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Abstract INTRODUCTION

The study of Scots pine (Pinus sylvestris) natural regene- The cyclical regeneration of Scots pine (Pinus sylves-
ration in the steppe, forest steppe and mixed coniferous tris) and its wave-like character in semi-arid zones
forest zones conducted in Russia and Ukraine in 2003— has been repeatedly examined by researchers, at least

2015 revealed its cyclicity. The adaptation of the concept
of pine forests natural regeneration cyclicity along with
space-age structure patterns of understory coenopopu-
lation and modern experience of shelterwood felling
formed the basis for improving the existing set of mea-
sures to support the regeneration of indigenous pine
forests.

as far as proposing it as a working hypothesis (DmI-
TRIEVSKY, 1928; VRADIY, 1961; PYATNITSKY, 1964; SAN-
NIKOV, SANNIKOVA, 1985; SALTYKOV, 2008, 2014; SI-
NITSYN 2008). Certain stages of the process are con-
sistent with global natural phenomena, especially with
the inversion of climate indicators as contrasted with
long-term average annual values. According to the
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researchers, a regeneration wave is influenced by the
climate and conditions of the steppe and forest-step-
pe zones and occurs when there is precipitation gre-
atly exceeding the average annual level (DMITRIEVS-
KY, 1928; VRADIY, 1961; PYATNITSKY, 1964; SANNIKOV,
SANNIKOVA, 1985; SINITSYN, 2008; SALTYKOV, 2014).
The variability of precipitation during the growing
season is very important (SALTYKOV, 2014). Under the-
se circumstances the successful implementation of
reproductive capacity resulting in pine seedlings, and
eventually in understory, is found throughout vast re-
gions (VRADIY, 1961; PYATNITSKY, 1964; SALTYKOV,
2014; SALTYKOV, ABODONOVA, 2015). A natural rege-
neration boom can be looked upon as a response of
the population to the change in the balance of envi-
ronmental factors and in the energy balance of forest
ecosystems as a whole (DMITRIEVSKY, 1928; VRADIY,
1961; PYATNITSKY, 1964; SANNIKOV, SANNIKOVA, 1985;
SALTYKOV, 2014; SALTYKOV, BORISOVA, GARMASH,
2015). So the assumption can obviously be made that
the regeneration boom frequency is influenced by the
long-term patterns of climate variability (DMITRIEVS-
KY, 1928; VRADIY, 1961; PYATNITSKY, 1964; SANNIKOV,
SANNIKOVA, 1985; SALTYKOV, 2014).

Discovering the cyclical process of natural regene-
ration is the basis for improvement of the natural re-
generation theory (SANNIKOV, SANNIKOVA, 1985; SAL-
TYKOV, 2014). From a practical standpoint, the adap-
tation of the regeneration cyclicity concept enables us
to improve a set of measures for supporting indige-
nous pine forests reproduction, as well as conserva-
tion of biological diversity, genetic and population
structure of forest ecosystems.

METHODS AND SCOPE OF RESEARCH

The research is based on the historical method, which
allows us to recreate the time series of regeneration
booms. It also involved a set of field research activi-
ties used for studying spatial and age characteristics
of Scots pine understory and saplings coenopopula-
tion structure. Besides, when developing measures to
support the processes of natural regeneration, the
up-to-date experience in shelterwood felling in the
southern forest-steppe zone of the left-bank Ukraine
was used (PYATNITSKY, 1957; SHISHKIN, 1969, 1972;
SALTYKOV, TKACH, MOTOSHKOV, 2005; SALTYKOV,
TKACH, POZNYAKOVA, 2006).

During 20032015 the study of natural regenera-
tion processes was performed in the steppe, forest-
steppe and the mixed coniferous forest zone of Russia
and Ukraine. For example, the main sample plots we-
re established in the Seversky Donets River basin.
Some control plots were located in the Dnieper, Des-
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na, Western Dvina and Oka river basins. The results
obtained were used to perform a comparative analysis
of the age and spatial structure of understory coeno-
population. During the twelve years of research about
600 plots were set up with the aim of studying the
characteristics of the process. When studying the spa-
tial and age structure of Scots pine understory and
saplings we applied the methods developed by S. S.
PYATNITSKY (1959), P. GREIG-SMITH (1967), Y. A. ZLO-
BIN (1976), S. N. SANNIKOV, N. S. SANNIKOVA (1985)
et al., partly adapted in accordance with the purpo-
ses and objectives of the research (SALTYKOV, 2014).
The data obtained were processed according to me-
thods of mathematical statistics (DOSPEKHOV, 1965).

RESULTS

The retrospective analysis performed and the results
obtained made it possible to recreate a significant frag-
ment of the time series of regeneration booms over the
past century. For the pine-forest terrace of the Severs-
ky Donets these periods can be named: 1906-1909,
1911-1912, 1919, 1926 (25), 1931-1932, 1935-1936, 1941-
1943, 1952-1953(4), 1964-1965. This list of regeneration
booms was first fixed for the pine forests in the Sever-
sky Donets River basin (SALTYKOV, 2014). Subsequen-
tly, with increased research scopes and objects the pi-
ne population flows were found to be concurrent not
only in the steppe and forest-steppe, but also in mixed
coniferous forest zone (SALTYKOV, ABODONOVA, 2015;
SALTYKOV, ANDREEVA, 2015; SALTYKOV, VATLINA, 2015).
A typical example of the population boom in the co-
urse of pyrogenic succession is shown in phot. 1.

Analyzing spatial and age characteristics of Scots
pine understory and saplings coenopopulation struc-
ture provided the data necessary for completing the
time series (phot. 1). For example, over the past 25-30
years in the Donets, the Dnieper, the Western Dvina
and the Oka river basins at least four regeneration
waves have been recorded. Dominant generation
within the regeneration wave age structure is repre-
sented by individuals who sprouted in 1985-1986,
1990-1991, 1995-1996, 2002-2003, and 2007-2008. Our
observations indicate that within a coenopopulation
the age of the dominant generation can vary to the ex-
tent of one or two years, but the common pattern ty-
pical of the process can still be clearly traced. Accor-
ding to the data received, the cycle time ranges, on
average, from 5 to 12 years. Using the occurrence fre-
quency of age dominants (phot. 2) enabled us, with a
degree of certainty, to recreate missing generations
within the time series of the past century.

The recreated and completed list of natural
regeneration booms is as follows: 1906-1909, 1911-



1912, 1919, 1926(25), 1931-1932, 1935-1936, 1943-1943,
1946-1947(8), 1952-1953(4), 19571958, 19641965, 1969
1970(71), 1976-1977, 1981-1982, 1985-1986, 1990-1991,
1995-1996, 2002-2003, 2007-2008. We do not claim
absolute accuracy, but are merely making an attempt
to recover information about the characteristics of
the pine forests population flow in the last century
within the boundaries of the examined region. Accor-
ding to the results, only during the period from 1906
to 2007-2008 a regeneration wave has been recorded,
at least, from 18 to 20 times, and the list of waves is
unlikely to be completed yet.

Photo 1. A typical example of the population boom in the
course of pyrogenic succession. The object is situated in
the steppe part of the Donets River basin (phot. by A. N.
Saltykov}

Fot. 1. Typowy przyktad intensywnego rozwoju populagji
sosny w warunkach pirogenicznych. Obiekt badan znaj-
duje sie w stepowej czesci dorzecza Siewierskiego Donca
(fot. A. N. Saltykow)

@or. 1. TunuaHeIl 0Opaser] MOy AAI[MOHHOTO BCILAecKa
AAsl yCAOBUI IUPOTeHHOTO psiga. OOBEKT pacroaoKeH
B creniHoN Yactu Oacceitna C. Jonma (¢or.: A. H. Caa-
TBIKOB)

The received results allow us to draw a prelimi-
nary conclusion that the generation flow is a time-con-
tinuous, invariable characteristic of Scots pine that
enables it to hold and restore the population fields lost
for various reasons. Along with constancy of the gene-
ration flow and its continuity in time, it is also charac-
terized by discreteness, caused in the first place by
dry periods when the appearance of self-seeding and
its development into understory is impossible (DmI-
TRIEVSKY, 1928; GONCHAR, 1957; VRADIY, 1961; PYAT-
NITSKY, 1964; SHISHKIN, 1969, 1972; SANNIKOV, SAN-
NIKOVA, 1985; SALTYKOV, 2008, 2014; SINITSYN, 2008;
SALTYKOV, VATLINA, 2015). The alternation of wet and
dry periods largely determines the boom and attenua-
tion of a regeneration wave. This characteristic of a re-
generation wave should be taken into consideration
not only within the framework of theoretical studies,
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Fig. 2. The age dominant of this plot sprouted in 2002-2003.
Density of plants within the formed coenopopulations
varies from one thousand to several tens of thousands
plants per hectare (phot. by A. N. Saltykov)

Fot. 2. Dominanta wiekowa podrostu odnosi sie do lat
2002-2003. Gestos¢ roslin waha sie od jednego tysigca do
kilkudziesieciu tysiecy egzemplarzy na hektar (fot. A. N.
Sattykow)

®or. 2. /loMuHaHTa BO3PaCcTHOIO CIIEKTPpa II0APOCTa OTHO-
curcs k 2002-2003 rr. I'ycTora pacTeHmnii B rpaHUIIax
cpOpMMPOBAHHBIX 1IEHOIIOIYAALIMIA BapbUpyeT OT OAHON
AO HECKOABKUX AECSATKOB TBHICAY PaCTeHMII Ha TeKrap
(¢or.: A. H. Caarsixos)

but also in the forest management practice because
the measures to support natural regeneration in pe-
riods of its intensification or, on the contrary, its at-
tenuation, will bring entirely different results in terms
of forestry-ecological and thus economic efficiency.

The results of the experiment using shelterwood
felling in pine-forest terrace of the Donets prove that.
The time of the experiment coincided with a popu-
lation boom that largely determined the success of
the planned event. A brief analysis of the conducted
experiment allows us to say the following. In 1960-1961
the Forestry Department of the Kharkiv Agricultural
Institute developed a program of natural regenera-
tion processes study in the left-bank Ukraine and pro-
spects for its use in agriculture (PYATNITSKIY, 1957;
SALTYKOV, TKACH, MOTOSHKOV, 2005; SALTYKOV,
TKACH, POZNYAKOVA, 2006; SALTYKOV, 2014). In the
obligatory list of fellings to be tested and implement-
ted, complex three-stage shelterwood fellings were
included. A brief description of stands designated to
be felled is presented in table 1.

At the beginning of the experiment pure mature
and over-mature stands of Scots pine had a rather
high volume up to 300-390 m%ha and uneven forest
density (PYATNITSKY, 1957; SALTYKOV, TKACH, Mo-
TOSHKOV, 2005; SALTYKOV, TKACH, POZNYAKOVA, 2006;
SALTYKOV, 2014). Conducting fellings and further ex-
periments requires the presence of self-seeding and
understory under the shelterwood canopy (table 2).



The Scots pine understory is found for the most
part in canopy gaps and is positively related to mid-
day shade. According to the researchers, the understo-
ry consists of several generations. For example, at the
sample plots the understory aged from 2 to 7 years
accounted for 60%, up to 10 years — for 90%, whe-
reas the plants aged over 10-15 years were evidenced
only rarely (PYATNITSKY, 1957; SHISHKIN, 1969, 1972;
SALTYKOV, TKACH, MOTOSHKOV, 2005; SALTYKOV,
TKACH, POZNYAKOVA, 2006; SALTYKOV, 2014). As no-

Table 1. Silvicultural characteristics of stands to be felled

ted by some researchers, the older the understory is,
the worse its living condition is. Therefore, one of
the objectives was to preserve the existing understo-
ry and create the necessary conditions for recruitment
of new pine generations. Phot. 3 shows Scots pine
stand formed from the understory which had existed
at the plot before the experience commenced.

Both felling and tree hauling were accomplished
during winter months. Technology did not provide
any additional conditions except targeted tree felling.

Tabela 1. Charakterystyka lesno-taksacyjna drzewostandw przeznaczonych do wyrebu
Tabamnma 1. /lecoBoACTBEHHO-TaKCaI[MOHHAs XapaKTePUCTUKa Haca’kA€HII1, OTBeA€HHBIX B pyOKy

Mean
. . Forest - - Volume per
Felling system Cutting area (ha) Age (years) density Diameter Heigh acre (m¥/ha)
(cm) t (m)
lex three-
Complex three-stage 27.5 120 0.4 40 28 300
shelterwood fellings
Table 2. Amount of Scots pine self-seeding and understory on the sample plots before the felling
Tabela 2. Samosiew I podrost sosny na powierzchniach kontrolnych przed wyrebem
Ta6amnria 2. KoandecTBo caMoceBa U IT0APOCTa COCHBI Ha OIBITHBIX Y4acTKax 40 PyOKu
A t (thous. pcs./h
Section Felling system ; mount (thous. pes./ha)
self-seeding understory total
73 Complex three-stage shelterwood fellings 16.7 4.8 21.5

Photo 3. Scots pine stand formed from the understory which
built up in canopy gaps before felling (phot. by A. N. Sal-
tykov)

Fot. 3. Sosny powstale z podrostu, ktéry utworzyt sie
w oknach koron drzewostanu przed wyrebem (fot. A. N.
Sattykow)

@or. 3. Hacaxxaenne cocHbl, cpOpMIpPOBaBIIeecs 13 IOA-
pocTa COCHBI, KOTOPHIiT OGB4 HaKOIIAeH B ,,0KHax” 1oJ0ra
apesocrost Ao pyoknu (dor.: A. H. CaaTbikos)
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Due to the decrease of self-seeding and understory in
the course of felling some measures supporting rege-
neration have been developed. They include spring
and fall tillage of the forest floor with a disc harrow.
The first stage of the felling on the most sample plots
was completed in 1972 and its results were found to
be satisfactory. The last stage of the felling was con-
ducted at the beginning of the 90t.

In 2005 the evaluation of the newly formed stand
was continued. Our observations showed that the
sample plot in section 73 has stood the test of time.
The last stage of the felling there was carried out du-
ring 1991-1992 (phot. 4). In the entire area (27.5 ha) de-
signated to be felled, the shelterwood canopy has been
replaced by new generations of Scots pine (SALTYKOV,
TKACH, MOTOSHKOV, 2005; SALTYKOV, TKACH, POZNYA-
KOVA, 2006; SALTYKOV, 2014). After performing some
research, a system of sample plots has been more or
less evenly placed in section 73. Sample plots have
been established within units 4, 7, 8, 10, 11 and 17.
In accordance with the received data, the stand is sa-
tisfactory but differs from other forest stands of the
same age in its peculiar space-age structure (phot. 5).
Silvicultural characteristics of this sample plot are
shown in table 3.




Photo 4. In section 73 of the Skripaevsky scientific-expe-
rimental forestry of the Kharkiv Agricultural Institute
(now it is Kharkiv National Agrarian University) the last
stage of the felling was successfully completed in 1992
(phot. by A. N. Saltykov)

Fot. 4. Na obszarze 73 oddziatu skripajewskiego szkolno-

doswiadczalnego gospodarstwa lesnego Narodowego
Charkowskiego Uniwersytetu Rolniczego w 1992 roku po-
myslnie zakoniczono stopniowe kombinowane wyreby
(fot. A. N. Sattykow)

Por. 4. Ha Teppuropun 73 k8. Cxpunaesckoro yye6Ho-
onpiTHOTrO Aecxo3a XCXU (upine XHAY) B 1992 r. 6512
YCIIEIITHO 3aBepIlleH I10CAeHNIT IpyieM KOMOMHMPOBaH-
HBIX ITOCTeTIeHHbIX PyOoK (dot.: A. H. CaaTsIKOB)
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Photo 5. Pine stands formed in the course of shelterwood
felling have uneven canopy closure and forest density.
Glades and canopy gaps are characteristic of newly esta-
blished stands

Fot. 5. Drzewostany sosnowe, powstale w wyniku wyre-
béw stopniowych, cechujq sie nieréownomierng zwartos-
cig koron. Obecnos¢ polan i okien w drzewostanie jest ty-
powa cecha nasadzen antropogenicznych

®or. 5. Hacaxxgenue cocHsl, cOpMUpPOBaHHbIE B Pe3yAb-
Tare ITOCTeIIeHHON pyOKHU, MMeIOT HepPaBHOMEPHYIO COM-
KHYTOCTb T040ra 1 noanory. Haamune nmoass u ,,okon”
B I1040Te APEBOCTOs XapaKTepHasl yepTa BHOBb CO3/aH-
HBIX HaCaXX A€HMI

Table 3. Silvicultural characteristics of sample plots (according to the data from 2005)

Tabela 3. Taksacyjna charakterystyka powierzchni kontrolnych (wg danych z roku 2005)

Ta6amnma 3. TakcarinoHHas XxapakTepucTIKa OIBITHBIX 00BeKTOB (110 AaHHBIM 2005 T.)

Sa]::lorile ;r(:lilepsoz?tcilsrsl Diameter (Cl\n:[)eanHeight (m) Age (years) qf:iiety Forest density | Volume (m*/ha)
1 100% Scots pine 24.9 17.2 40/40 1 0.7 210
2 100% Scots pine 20.5 14.8 40/55 2 0.6 150
3 100% Scots pine 24.5 17.0 40/40 1 0.86 240
4 100% Scots pine 21.7 14.0 40/30 2 0.48 100
5 100% Scots pine 19.7 16.0 30/30 1 0.82 220
7 100% Scots pine 26.2 19.4 50/55 1 0.96 330
8 100% Scots pine 21.4 16.1 40/45 1 0.82 230

Within the newly formed stand can be traced the
outlines of biological groups that either existed before
the felling commenced or appeared in the course of
it. Due to the clear structure of canopy, at least two ty-
pes of stand can be distinguished: stand formed from
the understory already existing before the felling, and
understory that sprang up during complex three-sta-

ge shelterwood fellings (phot. 6). More distinct outli-
nes are typical of pine stands sprung up in the cour-
se of the second and the third stages of the felling. Wi-
thin existing and spatially separate biological groups
research has also been conducted. The results are shown
in table 4.




Photo 6. The second permanent sample plot. The pine
stand has been formed in the course of a shelterwood
felling (phot. by A. N. Saltykov)

Fot. 6. Druga stata powierzchnia kontrolna. Nasadzenia
sosny jako wynik stopniowego wyrebu (fot. A. N. Sat-
tykow)

@or. 6. Bropas nocrostHHas mpo6Has 1ao1maas. Hacax-
AeHye cOCHBI cOPMIPOBAHO B IIPOII€CCe BBIIIOAHEHILT
riocrenienHol pyoku (¢por.: A. H. Caarsikos)

Table 4. Silvicultural characteristic of biological groups (according to the data from 2005)
Tabela 4. Taksacyjna charakterystyka biogrup (wg danych z roku 2005)
Ta6amnra 4. TakcarinonHas xapakrepucruka ouorpymn (1o ganasM 2005 1.)

Biological | Area Tree species Mean Site Forest Volume
.\ . . Age (years) . . 5
group | (ha) composition Diameter (cm) | Height (m) quality | density (m3/ha)
9 0.55 | 100% Scots pine 25 18 50 2 0.6 240
10 0.31 | 100% Scots pine 22 15 40 2 0.5 150
11 0.11 | 100% Scots pine 17 14 35 2 0.7 210

A characteristic feature of the newly formed stands
is large variability of their diameter, height, density and
volume (tables 3 and 4). Such heterogeneity may be at-
tributed to the peculiarities of Scots pine natural rege-
neration when conducting three-stage shelterwood
fellings, and to the fact that the fellings were carried
out according to the usual processing method.

At present the stands are steadily growing. They
have begun to bear seed and have some value because
they have been formed in a natural way (SALTYKOV,
TKACH, MOTOSHKOV, 2005; SALTYKOV, TKACH, POz-
NYAKOVA, 2006). The applying of complex three-sta-
ge shelterwood fellings in fresh subor (pine-oak fo-
rest growing on loamy sands) (phot. 7) can be re-
garded as quite successful and its results can be re-
commended for forest management.

Cydlicity of natural regeneration, space-age patterns
of pine understory coenopopulation formation as well
as application of shelterwood fellings provided the ba-
sis for developing regeneration supporting measures.
One of the keys to regeneration support is stage mo-
nitoring, each stage providing a solution of a specific
task.

At the first stage the amount of annual precipita-
tion and precipitation during the growing season are
monitored. A marker and information base crucial for
this stage is a significant rise in precipitation as com-
pared to long-time average annual, especially if it has
been recorded for two or three consecutive monito-

Photo 7. Typical fresh oak-pine subor (phot. by A. N. Sal-
tykov)

Fot. 7. Typowe zbiorowisko debowo-sosnowe (fot. A. N.
Sattykow)

®or. 7. TunmyHas ceexas 4y00Bo-cocHOBas Cyoops (¢PorT.:
A. H. Caatsikos)

red. A marker and information base crucial for this sta-
ge is a significant rise in precipitation as compared to
long-time average annual, especially if it has been re-
corded for two or three consecutive years. At the same
time the seed bearing of the pine forest is to be monito-
red. The information received enables foresters to be-
come aware of increased numbers of seeds coming
under shelterwood canopy. Such data is easy to gain
since it is stored at the level of forest enterprises and
regional forest-seed bases. Coinciding of at least two
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phenomena — increase in precipitation and increased
seed-bearing — provides the basis for moving on to the
next monitoring stage — the local.

The main objective at the second stage is to criti-
cally analyze primary evaluation data on activation of
pine regeneration. The monitoring is conducted at the
level of forest enterprises. Research requires locating
the objects and determining their silvicultural charac-
teristics. Within the sample plot the presence of self-
seeding is determined and its condition is evaluated.
First of all the mature and over-mature stands should
be examined because it is there that self-seeding is li-
kely to appear. The sites passed by fire during the last
two or three years should also be examined. The main
objective at this stage is to locate the plots with dense
self-seeding. Lands which are not any longer used as
farming sites should also be examined. Areas revealing
Scots pine self-seeding are to be mapped, and their cha-
racteristics, namely density, condition, and spatial pe-
culiarities of the coenopopulation or its fragments are
to be registered. The mapping completed a list of re-
generation sites providing data on area and density
should be made. This stage also involves uploading
the data on sample plots into GIS.

At the third stage, namely when the pine saplings
are two years old, their quality and quantity are to be
evaluated. It is necessary for further differentiation of
sample plots and the selection of the most promising
plots. Within each plot a system of sites is to be esta-
blished and understory quantity and condition are to
be evaluated. The gathered data provide a basis for de-
ciding whether the monitoring should be finished or
carried on. To the evaluation should be added an up-
dated map of the sample plots with spatial boundaries
of the coenopopulation or its fragments. According to
the second year evaluation all sample plots are divi-
ded into two categories: plots with self-seeding and
understory under the shelterwood canopy, and plots
with self-seeding outside of the shelterwood. For the
stands with a significant amount of sustainable self-
seeding and understory a system of fellings is develo- 2.
ped. It includes shelterwood fellings, group selection
fellings, and complex fellings, which should provide
the necessary capacity of the ecological niche for fur-
ther successful growth of understory, and formation
of a sustainable pine coenopopulation. In each case the
type and method of felling should be chosen according
to the condition of understory, its spatial configuration,
and density. The understory outside of or along the ou-
ter boundary of the stand is to be evaluated as well. The
minimum inventory item of such areas is 0.5-1.0 ha.

At the fourth stage, as soon as the understory rea-
ches the age of three or four years, a new inventory of
the coenopopulation and update of its spatial configu-
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ration is conducted. According to this inventory, GIS
information is updated. Based on the inventory and
evaluation some recommendations are developed as
far as implementation of the understory in forest ma-
nagement is concerned. The prospects of sample plots
management considering natural regeneration are de-
fined.

The objective at the fifth stage is a systemic evalua-
tion of the coenopopulation condition and prospects.
At this stage evaluation is carried out every two or
three years until the stand reaches the age of ten years
or until the forest canopy closes and a common boun-
dary of the coenopopulation is formed. At the same ti-
me the part of the area free of pine saplings or under-
story is identified, and a decision concerning improve-
ment of the coenopopulation spatial configuration is
made.

When conducting evaluation and inventory, not
only the quantity and age of the understory should be
analyzed, but its condition as well. It enables foresters
to define the short-term prospects of coenopopulation.
The evaluation of coenopopulation and identification
of its type (prosperous, balanced or depressed) provi-
des the basis for developing principle measures to
support the understory or giving these measures up
because of their inexpediency. Consequently, it allows
foresters to estimate the level of necessary costs. The
ranking of regeneration sites in each case is made ac-
cording to the size of understory area, its condition, and
near-term prospects of usage.

Thus, all the measures to support regeneration pro-
cesses can be divided into five stages:

1. Monitoring of weather conditions and Scots pine
seed-bearing in the research area.

2. Monitoring of the regeneration boom at the regio-
nal and local levels.

3. Compilation of spatial localization data on regene-
rating sites and their subsequent differentiation, con-
sidering their peculiarities and use objectives of new-
ly formed understory coenopopulations.

4. Development and implementation of measures to
support the regeneration in accordance with the con-
dition of the coenopopulation.

5. Systemic evaluation of condition and prospects of
the coenopopulation until the site develops into a fo-
rest covered area.

CONCLUSION

The adaptation of the regeneration cyclicity concept
makes it possible to improve measures supporting in-
digenous pine forests reproduction as well as conser-
vation of biological diversity, genetic and population
structure of forest ecosystems. One of the main con-



ditions for regeneration support is monitoring of eve-
ry implementation stage which enables the researcher
to update the scope of monitoring and evaluate the
short-term prospective usage of the understory coe-
nopopulation in the forest management.
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