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The research was carried out in the pine forest of the specially protected natural areas “Medvedsky Bor” in the
Nolinsky District of the Kirov Region. One can meet there both typical boron and boreal plant species and some rep-
resentatives of broad-leaved forests and steppes. We researched the composition of vegetation and flora, as well as the
state of Pinus sylvestris L. of the overgrown strip that had been formed after the gradual next-but-one belt logging, with
contribution to renewal (mineralization) and care (clarification-logging with removal of non-target species). Green-moss
and reed vegetation associations prevail there, as it was stated. Vascular plants are analyzed in relation both to humidity
and the spectrum of ecologo-coenotic groups. Predominance of mesophilic and xeromesophilic groups was stated, which
indicates moisture degree sufficient for seed germination of the xeromesophilic P. sylvestris species. Boreal, boron, as
well as non-moral and steppe species prevail, which confirms conservation of biodiversity in these forests. The pine un-
dergrowth was analyzed as for its number, vitality; vegetation influence on these indicators was stated. It was found out,
per hectare there are 21 thousand young pine plants aged from 4 to16 years. This 84 times exceeds the required number
of trees in the mature community (250 trees per hectare). The vitality of the pine undergrowth is estimated according to
the original method, taking into account the age of the plants, their height, the length of last annual increment and the
mean annual increment, deviation of lateral shoots from the major axis, presence of re-crowning and yellowed leaves. It
is established that there are 17 600 young plants with a high degree of vitality per hectare. It 4.4 times exceeds the plants
number required for artificial restoration of pine forests (4000 trees per hectare). These are the trees which can form pine
forests with a high appraisal index in the future.
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WccaepoBanms mpoBeieHbl B COCHOBBIX Jecax 0cobo oxpamseMoii npupojnoi reppuropun «Measeackuii 6op»
Honunckoro paiiona Kuposckoii obactu, rjie Hapsay ¢ THITHYHBIMI GOPOBBIMU 1 GOPEATbHBIMI BUAMI PACTEHIT
BCTPEUATOTCS TTPEICTABUTEN IITITPOKOJNCTBEHIBIX JIECOB T cTereil. 3ywern coctaB pactureabHoctn u uropsl, COCTOSHIE
nofpocra Pinus sylvestris L. na 3apacraiorieii mosoce, popMUPYIOTIEcst TTOcIe TPOBEEHHOI YePecIoTOCHON TOCTeeHHOTT
PYOKH ¢ HOCIEYIOIIM BO30OHOBICHIEM, COAIeIICTBIEM BO30OHOBICHIIO ( MITHEPATH3ALIA) I YXO/[0M (PyOKI OCBETJICHIS ).
Yeranosreno mpeobrafanne 3eIeHOMOITHIKOBBIX I BeITHNKOBBIX CCOTMATIIT PACTUTETLHOCTI; PACCMOTPEHBI 0COOEHHOCTI
eCTeCTBEHHOT0 BO30OHOBIEHIST COCHBI B HIX. BoisiBierno npeobaaganme Mme30@uabHON TPYIIbl, H0peanbHbIX 1 D0OPOBBIX
pacreHiii; CoOXpaHeHe n BOCCTAHOBJIEHNE CTeITHBIX I HeMOPaJIbHbBIX BHI0B. C yuéToM Bodpacra pacTeHmil, BBICOTHI, JIJINHbI
MOCJIEIIEro TOOBOTO M CPEIHETO0OBOTO MPIPOCTOB, YA OTXOMKACHIS GOKOBBIX MOOETOB OT TIABHONW OCH, HATMYNS
MePeBePITNHNBANTIS 1 TMOKEITEBIIel XBOM OT[eHeHA PearbHas JKU3HeHHOCTh 0cobeil. Ycramopiena aP@eRTnBHOCTD
MepONPUATHIL: MATHKPATHOE MPEeBBINIeHNe YHCIeHHOCTH MOJPOCTa ¢ BBICOKOI JKU3HEHHOCThIO B CPABHEHUHN ¢ HOPMOII
BBICAIKIT CEANIEB TPU MCKYCCTBEHHOM BOCCTAHOBICHNN COCHAKOB; BOBMOYKHOCTL HEMPEPBIBHOTO MHTEHCHBHOTO
JIOJITOBPEMEHTOTO HEMCTOTINTETHHOTO JTECOMOTB30BAMNMST ¢ COXPATEHNEM dKOCHCTeMHBIX PYHKITITI COCHOBOTO JIeca 1 €T0
Ouopasnoobpasusi.

Karouessie crosa: necosoceranonienne, pyoxky, MIHePaT3ans, MOAPOCT, peasibHasd }KIU3HEHHOCTD, YXOJT 34 JTeCOM,
Ouopasnoobpasue.
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The growing demand in wood resources, as
well as their constant decrease on the territories
accessible by transport, are the reasons of short-
ening the time of growing technically ripe wood
and increasing wood productivity, which would
make using wood profitable [1-10]. Thus it is
really topical nowadays to look for and research
the ways of intensifying natural wood restora-
tion, especially of coniferous forests. Pine forests
are one of the main wood sources in Russia. Due
to natural processes they eventually transform
into zonal forests, mostly spruce ones. Original
pine forests can be kept by means of special for-
estry practices.

It is especially important for specially pro-
tected natural areas (SPNA) where change of
forest type leads to shortening biodiversity on
all the levels. SPNA “Medvedsky Bor” in the
Nolinsky District of the Kirov Region is situated
on inland sand dunes on the second and third
terraces above floodplain of the left bank of the
Vyatka River. It contains the representatives of
the first (southern) migration zone of pine which
got there during Holocene from the Southern-
Ural refugium [11]. These are forests of a high
growth class and good technological qualities of
high log grade.

One of the ways of protecting these pine
forests consists in gradual next-but-one belt
logging (NBL), when the forest stand of the
same class is cut down in two-four stages on the
belts with the length not exceeding the height
of mature trees, the belts change each other in
a certain order [7]. Unlike traditionally kept
certain generative individuals on clean loggings,
the trees of the belts are cross-pollinated enough
and are more windfall-proof; also there appear
viable seeds [12—-15].

Research of this type of felling aiming at
keeping pine forests of the Medvedsky Bor began
with working out the methods of assessing vital
capacity of the young growth and analyzing its
state [16]. From 2013 on the research is being
carried oul according to the above-mentioned
methods. The aim of this research is to assess
efficiency of natural regeneration of P. sylvestris
after NBL (winter 2006), soil mineralization
(2007), and cleaning loggings (2015) with
eliminating the trees of the untargeted species:
birch, aspen, and spruce in the 30" unit of the
111" planning quarter. To achieve the goal a
number of tasks were set: to analyze the influ-
ence of above-the-surface soil vegetation cover
on development of pine young growth, to assess
vitality of these plants and efficiency of natural
P. sylvestris regeneration.

Materials and methods

The field research was carried out in autumn
2017 on a bluejoint-cowberry-greenmoss log-
ging. 18 sample areas of the size 4 m?, with the
gross area 72 m?were formed and researched.
The areas were formed in different types of as-
sociations (with green moss, lichens, blue joint
dominating). Vitality of P. sylvestris under-
growth was assessed on the basis of field research
and cameral data treatment. In the field we as-
sessed the age of the plant (B), its height (H),
length of the latest annual increment (Al) and
the branch union angle (A) was stated; the pres-
ence of re-crowning (R) during the whole life of
the tree (dying off of the terminal bud which is
followed by axis growing by means of one of the
auxiliary buds) and yellowing of fir-needles on
two-three summer shoots (X).

Taking into account all the indexes the gen-
eral vitality (GV) of the trees was characterized
that reflects the state of a certain tree this year,
irrespective of its age. Good GV (1 point) is
shown by the following indexes: no re-crowning;
AG is over d cm; A is acute; absence of yellow
needles; needles live over 3 years. Satisfactory
GV (2 points): one re-crowning; AG is 3-5 c¢m;
A is acute; absence of yellow needles; needles
live not less than 3 years. Unsatisfactory GV
(3 points): several re-crownings; Al is not less
than 3 cm; A is oblique; there are either no yellow
needles, or there are some on 3-year-old annual
growths; needles live 1-2 years. If not all the
features of a plant correspond to a certain point,
GV was staled either according to the majority
of three of them, or according to the most vitally
important ones (A, R, Al).

During cameral treatment real vitality
of the plants (X) was estimated in points: the
state of each plant, taking into account its age.
The following indexes were used: GV point;
presence and number of re-crowning during
the latest three years (1 point — not at all;
2 points — one; 3 points — two or more); the
mean annual increment (MAI: height divided
by age) and the length of the latest annual in-
crement (Al). Individual plants of P. sylvestris
different in age have different indexes of the
latest A1, as well as of the MAI, thus they were
assessed according to age periods of the plant
[17]. The trees under 5 years: 1 point — incre-
ment is or over d cm; 2 points — increment
is 3—5 c¢m; 3 points — increment is less than
3 cm. The trees from 5 to 20 years: 1 point —
increment is or over 9 cm; 2 points — 5-9 cm;
3 —less than 5 em.
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Table 1

Vitality of individuals of the undergrowth of Pinus sylvestris

The main parameters of the plants

Real vitality, points

No.| & | B p A AL AGav, | v g LATA | MAT | AT | X
yeaI’s cm cm cm
1 1 187 - acute 36 27 - 1 1 1 1 4

The real vital power of a certain tree was as-
sessed by means of summing up all the points.
The less the number of points is, the better
(Table 1).

This method was used to assess all the
undergrowth individuals of P. sylvestris of the
area.

Results of the research

Composition of vegetation and flora.
There are the following associations in the
vegetation of the logging: with green mosses
prevailing — greenmoss, lichen-greenmoss,
cowberry-greenmoss, bluejoint-cowberry-
greenmoss, sedge-greenmoss, clubmoss-bilber-
ry-greenmoss-sphagnum, greenmoss-lichen,
bluejoint-greenmoss; with bluejoint prevailing —
greenmoss-bluejoint, blooming sally-bluejoint,
cowberry-bluejoint, greenmoss-blooming sally
with bluejoint.

Flora includes 75 plant species: 66 vascular
(14 tree and shrubbery species, 52 subshrub
and grass species) and 9 species of mosses
and lichens. There were found 6 groups of
vascular plants according to the hydric factor
[18]. One species Melampyrum sylvaticum L.
is hemiparasite. Mesophilic plants prevail (46
species); there are 11 xeromesophilic species, 4
hygromesophilic species, 2 hygrophilous spe-
cies; there is also 1 mesoxerophilous species and
1 mesohygrophilou species. This indicates that
logging sites are humid enough for pine seed
germination, pine is a xeromesophilic species.

As for the content of ecological-coenotic
groups (ECG), i. e. groups of plant species simi-
lar as for their reaction to a set of certain eco-
logical factors typical for certain biotopes char-
acterized by a high degree of association [19],
the flora of the Medvedsky Bor is also diverse.
All the species are represented in seven ECGs.
Boreal species prevail (23 species). There is one
oligotrophic species, there are 3 tall-grass spe-
cies and 6 meadow-fringe-of-the forest species.
In the Medvedsky Bor the typical boreal plant
groups neighbor with coniferous, nemorose, and
steppe plant groups. In monitoring it is topical to
consider these groups separately, as they deter-

mine high bio-diversity of the SPNR “Medved-
sky Bor”. The coniferous group is represented
by 20 species: Calamagrostis epigejos (L..) Roth.,
C. arundinacea (L..) Roth, Veronica officinalis L.,
Lychnis flos-cuculi 1., Chimaphila umbel-
lata (1..) W.P.C. Barton, Campanula rotundifo-
lia L., Antennaria dioica (1.) Gaertn., Polygonatum
odoratum (Mill.) Druce., Juniperus communis L.,
Pteridium aquilinum (1..) Kuhn, Dactylorhiza
maculata (1..) Soo, Pulsatilla patens (1..) Mill.,
Viscaria vulgaris Bernh., Pinus sylvestris L.,
Gnaphalium sylvaticum 1., Arctostaphylos uva-
ursi (L.) Spreng., Viola rupestris F.W. Schmidt.,
Rumex acetosella L., Hieracium umbellatum L.,
Hieracium vulgatum Fries. Nemorose group
contains 9 species: Quercus robur 1., Viburnum
opulus L., Convallaria majalis 1., Tilia cordata
Mill., Platanthera bifolia (1.) 1.C. Rich., Poa
nemoralis L., Carex pilosa Scop., Carex digita-
ta L., Aegopodium podagraria L. There are
4 steppe species: Astragalus arenarius L., Er-
emogone saxatilis (L.) Tkonn., Chamaecytisus
ruthenicus (Fisch. ex Wot.) Klask., Trommsdorf-
Jia maculata (1..) Bernh.

Thus the main specific ECGs of forest plants
of the SPNA “Medvedsky Bor” are naturally
preserved on the logging, and bio-diversity is
sustained on the whole. Natural pine regenera-
tion is provided by keeping the edificator of these
forests on the territory under research.

Undergrowth Characteristics. All in all on
the territory under research we found 158 young
trees from 1 to 16 years old, they are quite equally
spaced on the whole territory of the area, exclud-
ing waterlogged hollows, mostly with deadwa-
ter. The age of the undergrowth varies. 12—
16 year-old plants are a surviving undergrowth
of the original communities; 11 year-old plants
appeared after NBL; 10 year-old and younger
plants appeared after soil mineralization. Special
attention was paid just to these age groups of
plants which appeared there after different forest
management activities.

The most plants have dark-green needles.
There are very few yellowed needles. Side branch
union angles are mostly acute. Growth of shoot
system is unstable monopodial: at the beginning
stages of development, usually more than once,
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re-crowning takes place. But this feature spoils
life of just 29% individuals, and just a little bit.
We think that in the future the undergrowth
of this category will be able to live through all
the ontogeny stages and form a timber stand of
high quality.

The analysis of the undergrowth state, de-
pending on the types of plant associations, showed
the following results. On all the greenmoss areas
of thelogging there are many young P. sylvestris
trees growing quite close to each other. There
are 47 trees which are 8—16 years old (30% of all
the trees under research). Separate 5—6 year-old
plants trees die as a result of natural selection. The
most trees are 11 years old. These are high (up to
360 cm) trees with a high Al (up to 60 cm) of an
individual. 83% plants have the best indexes of
real vitality (4—5 points), actually all 11 year-old
plants are included here. The index of vitality of
3 trees is 6, of 2 trees — 7. Three 8-10 year-old
trees have 9 points. These are stunted plants (16—
28 c¢m), with the mean annual increment less
than 3 cm, and they are most likely to naturally
get lost from the wood stand.

On the areas with greenmoss-lichnes and
lichens-greenmoss cover there are also quite
many undergrowth individuals. Seedlings are
few. There are 24 plants from 9 to 15 years old
(15% of the total). 11-12 year-old individuals
prevail. The index of real vitality is mostly 4—
5 points (75%). Three individuals with one re-
crowning have 6-point vitality, one individual —
7 points. There are just two individuals (9 and
12 year-olds which are 31 and 72 cm high) with
low vitality (9 points).

On the areas with sedge-greenmoss and
clubmoss-bilberry-greenmoss-sphagnum cover
there are few undergrowth individuals. There
are few plants younger than 10 years. There are
10 young plants 10—12 years old (6%). 11 year-
old individuals prevail, they are all tall (up to
287 ¢m), with a high Al. 8 of them have a high
degree of vitality (4—5 points); two — 6 and 7.

On the areas with cowberry-greenmoss, blue-
joint-greenmoss and greenmoss-blooming sally
with bluejoint types of vegetation 10—13-year-
old plants prevail. On the sites under research
there were found 35 3—14-year-old individuals
(22%), mostly 11-year-olds; they are all tall (up
to 276 cm), with the Al up to 57¢m. Re-crowning
mostly takes place at initial stages of develop-
ment (at the age of 4—5) and it does not influence
the index of real vitality so far. On these areas
plants with high vitality prevail (91%).

Seed germination and undergrowth develop-
ment suffer from negative influence of gramine-

ous plants: Poa nemoralis, Calamagrostis arundi-
nacea and C. epigejos. They afford sod, firm the
forest litter and upper part of the soil layer with
rootstock. Sandy-loam soils of the area under
research contribute to their development. On
some sites of the territory graneous plants form
a kind of a mattress.

On the areas with bluejoint the undergrowth
is thinned. Here 9—13-year-old individuals pre-
vail. After mineralization on separale sites there
are groups of germinated seedlings and of one-
three-year-old plants. There are 42 individuals
from 1 to 15 years old there (27% of the total
number). 11-year-old plants prevail there: with
Al over 60 cm, they are tall (up to 290 cm), with
the best indexes of real vitality (69% plants have
4—3 points), at times with one-two re-crownings
at the initial stages of development.

Per hectare the energy of natural regen-
eration in the greenmoss associations is 6 times
higher than that of the necessary number of ma-
ture trees; in the areas with bluejointitis 5 times
higher. They appeared after pine felling and
mineralization and they are about the same age;
there are few younger individuals. Evidently, in
course of time, increase of the degree of projec-
tive cover and herbaceous layer density leads to
reduction of natural regeneration energy.

The analysis of one-three-year-old plants
according to the given method showed that their
indexes, because of their little annual and mean
annual increment, are higher, and, consequently,
their real vitality is less. Thus they are not that
relevant at the analysis of undergrowth on the
whole, alongside with older plants. So we calcu-
lated the vitality index of only 150 individuals
from 4 to 16 years old (Table 2). Per hectare it
is 21.000 individuals.

9-13-year-old plants prevail. 36% of the
total is 11-year-olds. They are the tallest, with
the best indexes of real vitality. They appeared
as a result of a through-belt logging in 2006.
12—13-year old individuals account for 27%, at
the moment of research their vitality indexes
are high or the highest. There are 23% trees
which are 9—-10 years old, they appeared after
soil mineralization.

The most plants have the annual increment
from 16 to 25 cm, quite a few — from 26 to 36 cm.
8% individuals have maximum annual incre-
ment which is over 46 cm (some — up to 60 cm).
Only 4% dwarf plants aged 9-10 and 12 from
interdunal lowlands have annual increment
which is less than 5 em. Clearing logging with
elimination of non-target wood species, which
took place in 2015, had a positive influence on
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Table 2
Indicators of real vitality of Pinus sylvestris plants of different ages
Age, years Number of plants Real vitality, points
4-5 6 7 8 9
4 3 1 2 - - -
b) 1 - 1 - -
6 1 1 - - - -
8 ) 2 1 1 - 1
9 10 d 2 1 — 2
10 25 21 2 - 1 1
11 24 23 1 - — —
12 27 23 2 - 1 1
13 14 11 2 1 - -
14 6 6 - - - -
15 3 3 - - - -
16 1 1 - - - -
Total 150 127 12 4 2 5
amount
% 85 8 3 1 3
Note: “—7 — plants with such indicators do not exist.

forming AI, which considerably exceed the range
of indexes stated by [17]. Increments of the latest
two years of many plants are much higher than
the previous ones; only 14% individuals have had
a re-crowning. Actually all the auxiliary buds
developed into surculus.

Mean annual increment of the most plants
ranges from 6—15 to 16—25 cm. Maximum range
of indexes here is 26—35 cm. 4% individuals have
minimal increment (1-3 cm).

Realvitality indexes of 8% of 4—16 year-old
plants are high on the territory under research.
Per hectare it is 17.600 individuals. 9-13 year
old individuals also have the best vitality index
(Table 2). It is them which are to become sound
mature trees in the future.

Thus efficiency of natural regeneration in
conditions of these kinds of activity is high.
According to the Forest Regeneration Rules of
the Natural Resources Ministry of the RF it is
necessary to plant not less than 4.000 pine plants
per ha [20]. This number is considerably exag-
gerated due to natural die-off of young plants.
The research results (21.000 individuals per ha)
showed that this norm is more than five time
increased in course of natural regeneration in
conditions of NBL with the following contribu-
tion to natural regeneration and care.

According to the forest resource manage-
ment indexes, normal state of pine forests re-
quires 250 trees per ha [21]. Comparing this
number with the data of the research it was stated
that natural regeneration energy 84 times ex-

ceeds thisnumber. Just one year can be required
to provide natural forest stand regeneration in
case of abundant seed production in conditions
of NBL with the following measures of forest
regeneration and care.

In course of forest management this type of
logging can be used as one of possible ways of
natural pine regeneration on the territory of the
Medvedsky Bor, preserving the original forest
communities and forests’ eco-systematic func-
tions.

Conclusion

1. At greenmoss and bluejoint fellings
natural pine regeneration after NBLin conditions
of constant support of regeneration is sufficient
(according to the norms for artificial planting).

2. Vitality of the undergrowth, which was
formed during and after the measures taken, is
stable and high.

3. In case of taking all the necessary
measures of forest management, the formed
undergrowth is able to form communities with
a high appraisal index.

4. NBL provides keeping the specious and
phytocoenotic bio-diversity.

Thus gradual next-but-one belt loggings
with the following regeneration and complete
elimination of the trees, soil mineralization
measures, and clearance loggings are quite
effective and can take place on the territory of
the SPNA “Medvedsky Bor”. In such conditions
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pine forests naturally regenerate. Alongside
with different forest regeneration measures
it provides continuous intensive long-term
sustainable forest management.
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