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Investigations of the structure of pine communitics of different age were carried out in order to ascertain permancncy
of indicators of site conditions’ and regularitics of rcgencration. Mostly the pine stands of dry sites - Vacciniosa and

Vaccinio-myrtillosa types - were investigated.

Communitics of older cutting arcas and young forming stands distinguish themsclves by the greatest specics varicty

and the thickest cover of grass-scmishrubs. Spccics composition is the poorest in thick young stands and middle-aged
stands. Ncvertheless moss cover in stands at this stage is rather thick. Thercfore differences in phytocoenotical structure
among different stages of pinc stands’ devclopment arc cxpressed less than in spruce stands. Undergrowth composition
in pinc stands dcpends on stands’ age.

The communitics of analyzed types of pinc stands arc rather similar according to speccics composition but they
differ in stands’ productivity. They can be indicated according to the diffecrences in phytococnotical structure and plants-
dcterminants a part of which arc characteristic of certain stages of stand development, while others arc not so common

though morc pcrmanent.

Ecological conditions in thc coursc of pinc stands age change a little.
Pinc underwood is quitc abundant in pinc stands of Vacciniosa type. Thercfore stand of different age structure can
form naturally. Spruce undcrwood prevails in Vaccinio-myrtillosa type pinc stands; thercfore, rcgencration of pine stands

here is rclated to phenomena of a catastrophic type.

Key words: pinc stands, ground cover vegctation, undergrowth, underwood, phytoindication, age-rclated dynamics,

biodiversity.

Introduction

The importance of research of forest communities
age dynamics was discussed thoroughly in the report
on spruce stands’ age dynamics (Karazija 2002). This
work is important in order to determine species indi-
cating site conditions, to ascertain regularities of bi-
odiversity changes during natural forest development
and processes of regeneration.

In the course of forest communities age changes
a number of investigations was carried out in spruce
stands (Siren 1955, Dyrenkov et al. 1970, Kairiiik§tis
1973, Leibundgut 1978, Vaitiekus, Karazija 1986, Georg-
jevskij 1992, Kuuluvainen et al. 1998 etc.), beech
stands (Jensenn, Hofmann 1996; Roder et al. 1996,
etc.). Pine stands were investigated less (Jaroshewich
1970, Brakenhielm et al. 1980, Andrzejczyk, Brzeziecki
1995, Kuvajev et al. 1995, Romanova 1996). The rea-
son for this might be that pine forests are not the
dominating stands in most of European countries. Pine
stands are most widespread stands in Lithuanian for-
ests. They occupy 37% of the total forest area. Nev-
ertheless, investigations of this kind were not carried
out.

The aim of investigations, the results of which are
presented in this paper was to determine changes in
the vegetation species composition of lower layers of
pine communities in the course of stands’ aging in
order to ascertain permanency of forest type indica-
tors, possibilities for changes of ecological conditions
and regularities of regeneration. As far as pure pine
forests and pine forests with a little admixture have
been investigated a change in stands’ composition has
not been analysed.

Material and methods

Investigations have been conducted on pine for-
ests of two types — Vacciniosa and Vaccinio-myrtil-
losa mostly - on mineral soils that are in stands on
comparatively dry sites. Data of 242 temporary and 4
permanent observation plots were used.

Permanent plots have been delineated in cutting
areas in which young pine forests formed later. These
plots have been under observation for 10-25 years and
inspected regularly every 3-5 years. Registration and
cartography of all layers of vegetation has been per-
formed.
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Temporary plots have been chosen in stands of
different age. When choosing objects for investiga-
tion priority was conferred on forests where stand plots
(areas) of different age but the same forest type, were
found at small distances. Stand age of the plot inves-
tigated has been determined by 3-5 borings with the
aid of an age borer, the height of 5-9 dominating trees
has been measured with a highmeter. Other inventory
indices (tree diameter, sum of stand’s cross-sections,
volume) have been obtained measuring trees in tem-
porary round-plots (Juknys et al. 1982).

Vegetation composition and structure of lower lay-
ers have been investigated by the methods acknowl-
edged in geobotany and forest science (Sukachev, Zon
1961, Braun-Blanquet 1964, Vorobyev 1967, Martinov
1992) with certain changes (Karazija 1978, 1988). Under-
growth and underwood have been described in
transects 2 m wide or in the squares of 4 m? distributed
systemically, total area of which in every plot investi-
gated was not less than 100 m2. The amount of differ-
ent species of undergrowth according to height groups
has been determined as well as abundance of different
species according to the Braun-Blanquet scale. Under-
wood has been grouped according to tree species, their
age and vitality. Tally of herb and moss cover has been
carried out by the method of microsquares (1 m?), by
singling out 20-25 of them in one observation plot. In
these squares species composition and project cover
of different species have been determined.

Analysing changes in communities composition
the data within forest type were grouped according to

age periods, the span of which increased with increas-
ing stand age, as changes are most rapid in the phase
of stand formation (Karazija 1988). Ecological condi-
tions in communities’ sites and their changes were
evaluated with the help of H. Ellenberg (1950, 1991)
indices of plants’ ecological values taking into account
abundances of species and L. Ramenskij (1953, 1956)
comparative ecological tables of plants.

Results
The change in ground cover vegetation.

In the course of aging the cover of herb-semi-
shrub and moss-lichen in pine stands as well as in
spruce stands change from both points of view —
quantitative and qualitative.

Indices of phytocoenotical structure of ground
cover vegetation in pine communities of different age
indicating its change in the course of stand aging are
presented in Table 1. It can be seen clearly that the
greatest total number of species of herbal plants and
semishrubs, especially in Vacciniosa type pine stands,
is found in stand communities aged 26-50 years, that
is thicket (pole stand) age, when the projection cover
of these plants is least. Although community’s phyto-
coenotical structure characteristic of mature stand starts
forming at that time and species having prevailed in
cutting areas are not extinct completely yet, the reason
for this ostensible biodiversity is different — great
number of descriptions (plots), as the peculiarities (in-

Table 1. Indices of the phytocoenotical structure of pine forest ground cover vegetation in the communities of different

pine age
Index Stand’s age, years
I [ 25 ] 610 ] [ 1625 T 2635 | 3645 | 4655 | 5665 | 66-75 | 76-85 [ 86-100 | 100-120
Vacciniosa type pine stand

Number of plots 3 4 4 - 6 18 26 9 3 10 5 8 6
General number of 17 22 28 25 35 36 25 21 34 206 35 33
herb-semishrub
species
Number of light 6 10 9 - 6 | 6 6 | 5 | 4 7 4 7 6 |
demanding species
Average number of 9.5+ | 12.0& 13.5% = 7.5+ 0.6 | 6.32£0.6 7.2+0.3 | 6.920.6 | 7.7£1.1 3.2+0.7 | 8.4+0.8 | 9.9+1. | 10.0%0.
herb-semishrub 0.3 0.1 1.6 5 7
species in the plot
Average projection 612 | 3247 48+5 = 1413 1212 18+1 2143 2513 2512 2112 2143 2213
cover of herb-
semishrub, %
General number of 8 12 19 - | 135 | 2 16 9 9 14 12 [ 13| 13
moss-lichen species
Average number of 6x0. | 5.30. | 7.8%1 5.340.8 3.840.3 39404 | 3.840.5 | 4.0£0.9 | 5.0+0.7 | 5.840.7 | 5.50. | 6.8+0.6
moss-lichen species 7 6 1 7 |
in the plot |
Average projection 5623 | 2643 | 33+4 7615 90+2 91191 9013 9412 8513 80+4 8113 7614
cover of moss-
lichen,% | |
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Table 1 continued

Index Stand’s age, years
1 [ 25 ‘ 6-10 ‘ 11- [ 1625 | 26-35 | 36-45 ‘ 46-55 l 56- | 66-75 ‘ 76-85 ] 86- } 101- mj 141
| ’ L N B !A _ es | 1 [ 100 | 120 | 140 | &>
B B o Vaccinio-myrtillosa pine stand - o
Number of plots ) \ 3 5 6 | 4 6 13 119 | 15 | 10 8 | 0 | 6 10 - 5
General number of herb- 17 38 48 32 29 45 6l 43 51 36 58 36 46 42 35
SCIHL\][H\\ species |
Number of light deman- 4 12 12 7 ) 6 6 4 4 4 | 7 5 5 4 3
| ding species - - -k . -
Average number of herb- 10+ 18+ 20.3%+ | 15.64 8.8+ 9.6+ 10.1+ 9.7% 12.9 10.1+ 2.4+ 12.34 12+ 144 10+
semishrub species in the 2.1 4.4 238 4.0 22 0.8 0.7 0.6 22 24 1.5 1.9 2.7 2.6 1.3
plot | -
Average projection cover 612 446 6044 | 6615 | 2845 25+4 302 3442 35+2 | 3043 44+1 4043 39+4 1843 | 2714
of herb-semishrub,% |
General number of moss- 4 10 14 14 12 16 17 13 16 14 19 13 19 12 12
lichen species L S| ! R o -
e number of moss- 3.5% 4+ 0.9+ 6.7+ 3.64 3.2¢ 4.1+ 4.2+ 4.9+ 5.5¢ 4.7+ 5.3 6.5 4.8+ | 584
lichen species in the plot 0.4 0.4 1.0 1.0 0.8 0.4 0.4 0.4 0.5 0.7 0.8 0.3 0.8 0.4 0.6 |
Average l’FQiL‘cri(_m cover 2745 1242 3542 | 603 | S6+3 | 88+2 84+1 82+2 73+2 | 82+2 6712 6943 65+2 | 8243 | 69+4
of moss-lichen, %

cluding species composition) are characteristic of eve-
ry community. Therefore average number of species in
the plot should be considered a better mark of biodi-
versity. Communities of older cutting areas and form-
ing up young stands are in the first place from this point
of view. Mature pine communities follow them, Thick
young stands and middle-aged pine communities are
characteristic of the poorest phytocoenotical compo-
sition. Pole stands and middle-aged stands are thick-
est, crown projection area is greatest and canopy level
highest (Kairitk§tis, Juodvalkis 1985), the quantity of
light s least, therefore a number of herbal vegetation
species and their projection cover is least too. Later at
the stage of stand’s self-thinning the quantity of light
in the stand’s undercrown increases, species composi-
tion of phytocoenosis enriches. However, the greatest
diversity is observed in cutting areas where species of
the forest and newly originating light demanding spe-
cies of cutting areas grow in the same community. The
number of light demanding species indicates forming
up of such species. It is determined according to the
H. Ellenberg (1991) scale for light demand and data on
the changes in vegetation species composition are pre-
sented in Tables 2, 3 and 4. Mass of herbal vegetation
1s greatest at the stages of cutting areas and forming
up young stand. Projection cover of herbs expresses
this quite well.

Similar changes are observed in species composi-
tion of moss-lichen cover. Species diversity is greatest
in forming up stand, while least — at the stage of thicket
and middle-aged stands. In addition to “shrubish” lichen
(Cladonia sylvatica (L.) Hoffin., C.rangiferina (L.) Web.,
C. alpestris (L.) Robenh.) also other lichen species (C.
pyxidata (L.) Fr., C. cornuta (L.) Schaer. etc.) start ap-
pearing in cutting areas. However, density of moss cov-
er changes differently. Moss cover in cutting areas is
stunted (it is only in first years after felling the quantity

Table 2. Ground cover vegetation of different forming stag-
es of Vacciniosa type pine forest (Kazly Riida forest enter-
prise, Visakio Ruda district)

Plant name | _Projection cover, %

Mature 2 years 10 years old 20 years
pine old cutting area old
stand cutting (pine pine

area plantation) | stand

Agrostis tenuis Sibth. 0.1
Calamagrostis epigeios (L.) 5¢l 0.1

| Roth I R
Festuca ovina L. 0.3 54 0.1 0.3
Festuca rubral.. I3 03 -
Poa pratensis L. i 0.5
Carex pilulifera L. 1:5
Calluna vulgariy (L.) Hull 2. 4.6 | 49.0 15.7
Hieracium pilosella L 1.3 |
Melampyrum pratense L. 1.6 - [ - 0.2

| Oenothera biennis L. 05
Rumex acetosella L. 0.1 0.3 ]
Scorzonera humilis L. 0.1 0.2
Senecio vernalis W. et K. 0.1 -
Spergularia campestris (All.) 0.7

_Aschers. i B
Vaccinium vitis idaea L 4.7 3.6
Vaccinium myrtillus L, 3.9 - -
Ceratodon purpureum 21.2

(Hedw.) Brid. -
Cetraria islandica (L.) Ash. 0.9 0.2 0.1 B
Cladonia alpestris (L.) 0.1 0.1 0.1
Rabenh
Cladonia rangiferina (L.) 43 0.2 0.2
Web.

Cladonia sylvatica (L.) 0.7 0.1 0.3 0.6
Hoffm. B -
Cladonia spec. 1.5 i
Dicranum polysetum Michx. 10.7 4.6 04 2.0
Pleurozium Schreberi (Brid.) 55,1 2.1 15.0 59.6
Mitt.

Pohlia nutans (Hedw.) Lindb. | 32 -
Polytrichum juniperinum 1.0 T

of moss characteristic of stands is quite big), though it
recovers completely when young stand forms up. The
density of moss cover in middle-aged stands exceeds
even communities of mature stands (Fig.1).
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Table 3. Age-related changes in abundance of characteristic plants of ground cover vegetation in Vacciniosa type pine stands

Plant name Average projection cover (%) and class of constancy” in the stands (cutting areas) of different age (yeurs)
| 2-5 6-10 16-25 26-35 36-45 46-55 56-65 66-75 ! 76-85 86-100 100 >

Agrostis tenuis = +11 +11 2 , +/1 +1 - ]

Sibth. N - -

Antennaria dioica +11 +/11 +/11 -

(L.) Gaertn. - - . - o
Arctostaphylos uva +/11 I +/11 +/111 +1 r/l - +11 +/11 +/11 +/11 1711
ursi (L.) Spreng. - S|
Calamagrostis spec. 1/11 19/1V 13/V 3/111 3/1V 2/111 41V +/11 +/111 +/11 2111 +/11
Calluna vulgaris 171V 2/1IV 29/V A 11 +/111 1/IV 1/111 3y 2/V 1V RIAY
(L.) Hull.

Carex ericetorum +1V +1V +/1V +/11 +/1 /1 - - +/1 +111 +/1 +/1
Poll. **

Conyvza canadensis - /11 +/11 - -

(L) Cormn. **

Chamaenerium +/11 +1V +11 +1 +/11 +/11 +/11 - /1

angustifolivm (L.)

Holub. **

Diphasium - = - - # r/1 - - - +/1 +11 +/1
complanatum (L..)

Holub. ** B B

Festuca ovina L. 1/1V 4/1V IV /v 1/111 +/11 1/IV 1/1V +/111 +/111 1/111 1/V
Hieracium pilosella +/1V 1/1IV +/111 +11 +/11 +/11 +/1 +/11 +/11 - +11 +111
[“ * %

Hieracium +/11 +/11 +/11 - +1 - - - /1 - +11 +/1
umbelatum L.*¥*

Melampyrum +11 +/1 +11 +1V +/11 /1 +/1 v /110 171V +111 171V
pratense L.

Rumex acetosella +]1 IVAY +/11 - +/1 +/1 +H11 +/11 +/1 +/11 +/11 +/1
i, *%

Solidago virgaurea +/1 +/11 +/111 +I11 +/111 +/11 +/11 +/11 +/1 +/1 +/11 +111
l“ * ok

Spergulu spec. ™* +/1V +/11 - - - - -

Thymus spec. - +/11 +/11 +/11 - - - - +/1 +/1 +/1 -
Vaccinium myrtillus +/V +/11 +/11 +/V 171V 51V 8/V 8/vV 8/vV 6/V v RIAY
L;

Vaccinium vitis +1V /1 +/1V 2/V 1/1V 3/1V 6/1V 71V 8/V 9V 4/v A%
idaea L.

Ceratodon +/11 8/1V - - - - - -
purpureus (Hedw.)
Brid,

Cladonia spec. v 2/V 7V 8/V /11T /111 +/11 1/11 2,1V 2/1V 1111 2/V
Dicranum spec. 20/V 11/V 6/V 28/V 12/V 3/V SIV SIV 13/V 16/V 22NV 22/V
Hylocomium +/11 - - +/11 4/11 5/1V iAY 3/101 8/1V o/1V LAY o/1V
splendens (Hedw.)

Brid.

Pleurozium 35/V 3V 6/V 38/V 71/V L3 VA" 807V 85/V 54/V 55/V 46/V 48/V
Schreberi (Brid.)

Mitt.

Pohlia nutans - /11 MV 1/1 - - -

(Hedw.) Lindb.**

Polytrichum +/1V /111 IV 1/1 +/1 +1 - - +/1 +/1 1/11 1V
piliferum Hedw.

* Class of constancy according to mcthodics of Br.-Blanquet (1964) is dctermined; 1-20% [ class, 21-40% - I class, ctc.
** The prevalence of these plants is similar in the Vaccinio-myrtillosa type communitics as well.

Regularities of changes in biocoenotical structure
of live ground cover are rather similar in both com-
pared forest types. When compared Vaccinio-myrtil-
losa type pine stands to Vacciniosa type the follow-
ing differences are observed:

1) due to more favourable site conditions the
general number of herb-semishrub species in the plot
and projection cover is greater;

2) extinction of moss cover in cutting areas is

expressed more, as well as it’s thinning out in mature
and over-mature stands. Moss stunting in cutting ar-
eas could be explained by their species composition:
open light is completely intolerable for Hylocomium
splendens (Hedw.) Brid., which is quite abundant in
stands of this type. In mature stands the reason for
moss cover thinning out most probably is the appear-
ance of spruce underwood.
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Table 4. Age-related changes in abundance of characteristic plants of ground cover vegetation in Vaccinio-myrtillosa
type pine stands

Plant name Average projection cover (%) and class of constancy* in the stands (cutting areas) of different age (yeurs)
1 2-5 6-10 | 11-15] 16-25 26-35 36-45 46-55 56-65 66-75 76-85 | 86-100 101- 121 141& >
120 140

Achilea - /1l /1l +/11 - r/l /1 -, - - - -
milefolium 1.
Agrostiy tenuis +/11 12/V /111 11V - +/1 - +/1 +/1 +/1 +/11 +/11 +/1 +/11 -
Sibth.
Calamagrostis 2V 12/V | 34/V RIAY /101 VA% 21V 21V v +1V 11V 11V +1V 2V 11V
spec.
Calluna +/11 2/111 14/V 41NV 22/V SIV 11V /v +1V 11V 2/111 211V 111V 2V 11V
vulgaris (L.)
Hull.
Convallaria - +/11 +/11 +/11 +11 1/111 /111 +/11 2/11 +/11 +/11 +/111 111 21V +1V
majalis L.
Chimaphila - - - - - r/l +/1 - - +1 +/1 +11 +/11 +/111 +/11
umbelata (L.)
Barton
Dryopreris = & - +/11 - - +/11 /1 +/1 +/11 +/1 /1 - /1 -
carthusiana
(Vill.) Fuchs*
Festuca ovina +11 2V RAY 211V +1V 1/111 21V +111 1111 +1V 21V SV 11V 4V +/11
L. a
Jasione - 11l +11 - - - r/l - i/l - - -
montana L.
Lycopodium - - - - - r/l +/1 +/1 - +1 +1 1/111 +/1 +1V +111
clavatum L.
Luzula pilosa +11 - - +1V +11 +11 +/11 +/11 +1V /111 1/1IV 11V +HIV VA% +V
(L) Willd.*
Melampyrum +/11 +/11 - 111 +/111 2V 201V 2V /101 2V 3V 2V 11V 21V +1V
pratense L.
Mycelis muralis - - - - - - +11 - - +1 +/1 +1 - +/11 +/1
(L.) Dum.*
Peucedanum - 111 111 /1 +11 +11 +1 r/l +/1 - +/1 +/1 - v/l +1
oreoselin. (L.)
Moench.
Polygonatum - +11 /111 - +1 +1 +/1 +/1 +/1 - - +/1 +1 - -
odoratum
(Mill.) Druce.
Pteridium - +1 - +/11 - - +1 171 1/11 +/1 /1 +/1 /10 +/11 +/1
aquilinum (L.)
Kuhn *
Rubus idaeus - - +/11 11V +11 111 2111 1/11 1110 111 +/1 - +1 - -
L.*

Rubus saxatilis - - - +/11 - - +1 +11 1/111 - +/11 - +1 +11 -
L.*
Scorzonera - - +/11 +/V +/11 +/11 +/1 +/11 +/11 T/l +/1 /l +/11 +/11 +/1
humilis L.
Senecio spec. - +111 +/11 +/11 r/l - - - - - /1 - - - -
Taraxacum - +/11 +/11 +/11 - +/11 % o/l = E = - = S -
officinale
Web. *
Trientalis - - /1l - - +/1 1/11 +/11 +/1 +11 +/11 +/11 +/111 +111 +111
europaea L
Vaccinium 4V +/111 +/11 21V 111 41V 10V (A% 17/v LoV 19/V 21/V 18/V 19/vV 14/V
myrtillus L.
Vaccinium vitis | 2/IV | +/11V +1V 2V 21V 3NV mnv A" 4V 4V A% 10/vV (A% VA% hIA%
idaea L
Veronica +11 | /111 +11 - - - +/1 +/1 +/1 - +/1 - /1 +11 +/1
officinalis L.
Ceratodon - 271 4/ - - - - - - - - /1 - - -
purpureus
(Hedw.) Brid.
Dicranum spec. | SIV_| 2/V 1/11 6/V 41V TN 6V 6/V 3V SV SV 14V 8/V 10/V 6/V
Hylocomium 6/V - - 311 4/111 1011V 1311V 21V 200V 24/V 200V 200V 24/V 24/V 22V
splendens
(Hedw.) Brid.
Pleurozium 1oV | 21V v KI7AY 41V 641V 51V 47V 46/V 46/V 33V KATAY 3oV EFAY 36/V
Schreberi
(Brid.) Mitt.
Polytrichum - 1011V 6/vV +111 +11 +11 +1 +1 +1V +11 1nv +/11 +11 +1
Juniperinum
Hedw.
Ptilium crista - - +11 +11 +/11 SNV 8nv 41V 61V 50V n 5NV A% 211
castrensis
Hedw.

* Thesc plants arc morc charactcristic of the forcst communitics of morc fertile sites, though thcy happen to grow in
Vaccinio-myrtillosa type stands, this way distinguishing thcm from Vacciniosa type.
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The changes in phytocoenotical structure of the
communities are determined by prevalence of separate
species and abundance of changes with the increas-
ing stand age. Vegetation composition of 4 pine com-
munities formed up in the same site conditions but of
different age, situated in close proximity to one an-
other (data presented in Table 2) is a good illustra-
tion of regularities of live ground cover changes in
Vacciniosa type pine stands. As one can see from the
table, plants characteristic of mature stands commu-
nities of this type — Melampyrum pratense L., Vaccin-
ium vitis idaea L., V.myrtillus L., Scorconera humilis
L. — have disappeared after stand felling, while oth-
ers have spread out — Calamagrostis epigeios (L.},

86- 101- 121- 41 &
100 120 140

606 -
75

46 -
55

36 -
45

16 -
25

26 -

35

76 -
85

56 -
65

Roth., Festuca ovina L., Calluna vulgaris (1,) Hull.
The latter started prevailing latest of all, but rather
abundantly. The moss cover has changed completely.
Moss characteristic of the forest has reduced (Dicra-
num polysetum Michx., Pleurozium Schreberi (Brid.)
Mitt.), but new species have appeared (Ceratodon
purpureum Hedw., Cladonia spec.). However, the
abundance of the most characteristic moss species of
this type (Pleurozium schreberi) was restored in a 20
year old young stand.

The summarized data on the changes in more char-
acteristic live ground cover vegetation are presented
in Tables 3, 4 and Figure 2.
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zium Schreberi)
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The species are considered to be more character-
istic if the degree of permanency is not less than the
third class at least in one stand phase, i.e. they are
encountered in approximately 50% of communities, and
if that species are typical of corresponding sites (Ka-
razija 1988). It is clear from the Tables that two groups
of plants different from the point of view of ecologi-
cal needs distinguish themselves clearly: forest vege-
tation and vegetation of cutting areas and forming up
young stands. Vaccinium vitis idaea L., V.myrtillus L.,
Diphasium complanatum (L.) Rothm., Lycopodium
clavatum L., Mycelis muralis (L.) Dum., Trientalis
europaea L. and moss Pleurozium schreberi (Brid.)
Mitt.,, Hylocomium splendens (Hedw.) Brid., Ptilium
crista castrensis Hedw. are attributed to the first group.
The species of this group that are spread less disap-
pear completely in cutting areas, the most abundant
and less sensitive species are met in all the phases,
though thin out in cutting areas.

The abundant group of cutting areas vegetation
should be separated into two parts as well. The most
abundantly spread out plants like Calluna vulgaris
(L.) Hull., Calamagrostis spec., Festuca ovina L. sur-
vive in all the phases of stand development though
considerably thinned out. Other species disappear after
the stand forms up, unless single plants occur in ma-
ture, thinned out stands.

The third group of species should be mentioned —
these are more permanent species, occurring not abun-
dantly in all phases of stand development. Out of these
the following species are characteristic of Vacciniosa
type pine stands: the Rumex acetosella L., lichen (Cla-
donia spec.), Arctostaphylos uva ursi (L.) Spreng; of
Vaccinio-myrtillosa type — Convalaria majalis L., Peu-
cedanum oreoselinum (L.) Moench., Polygonatum od-
oratum (Mill.) Druce, Pteridium aquilinum Kuhn.

The majority of species of the two groups men-
tioned earlier are characteristic of both analysed for-
est type communities. The pine stands of Vacciniosa
and Vaccinio-myrtillosa types though being quite
different according to stand productivity and the proc-
ess of successions, are very similar according to spe-
cies composition of the communities. In the floristic
classification of vegetation they are attributed to one
Vaccinio myrtilli~Pinetum association. Therefore, it
is very important to find reliable indicators that would
enable us to determine typological affiliation of for-
est communities. The following distinctive features of
Vacciniosa and Vaccinio-myrtillosa types can be set
according to the data of Tables 3 and 4:

a) different phytocoenotical structure — in Vac-
cinio-myrtillosa type pine stands such species as Vac-
cinium myrtillus L., Hylocomium splendens (Hedw.)
Brid are represented much more abundantly;
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b) in Vaccinio-myrtillosa type pine stands spe-
cies - determinants of more fertile sites are encoun-
tered; Dryopteris carthusiana (Vill.) Fuchs, Luzula
pilosa L. Wild., Mycelis muralis (L.) Dumort, Rubus
saxatilis L., Trientalis europaea L., Lycopodium cla-
vatum L. and characteristic of cutting areas: Achilea
milifolium L., Senecio spec., Veronica officinalis L.
area characteristic of stands;

c) species of the third group that are especially
significant in determining typological affiliation of
young stands.

In spite of rather distinct differences of species
composition and biocoenotical structure among com-
munities of separate stands’ development phases tran-
sition among them is not so distinct as in spruce
stands. Therefore, though corresponding stands’ de-
velopment phases — cutting area (up to 5 years), crown
closing (6-12 years), thicket (16-45 years), self-thinning
(46-85 years) and stabilization stages can be distin-
guished out, there are conditional features: borderlines
between the last three stages are especially vague.

The changes in ecological conditions.

The change in stands’ structure related to their
age influences the change in site’s ecological condi-
tions, which expresses itself in species composition
of vegetation.

Making use of H. Ellenberg (1991) indices of
plants’ ecological values and L. Ramenskij (1956) ec-
ological tables by methods proposed by them we have
evaluated sites’ ecological conditions in stands’ com-
munities of different age. The data presented in Table
5 show that vegetation of cutting areas is more light
demanding, the most shady at thicket stage, while in-
clination to light demand is seen in mature stands
again. However, in all the periods of age the degree
of light demand stays high enough (there are 9 degrees
in the scale), as all the plants of pine stands are not
shade demanding.

The index of humidity determined by H. Ellenberg
as well as by L. Ramensky method ranges slightly. The
values are higher in middle-aged stands. Hence, there
are no signs of bogging up of cutting areas. The in-
dex of acidity (Reaktionszahl) ranges a little, though
no regular changes have been found. The degree of
nitrogenicity according to H. Ellenberg and trophism
according to L.Ramenskij changes insignificantly as
well, though a certain increase of indices in the stands
30-70 years old, i.e. in the stand of self-thinning, was
noticed. The data are more even when L.Ramenskij
method 1s used.

Summarizing it should be pointed out, that eco-
logical indices during the whole cycle of stand’s de-

—_ 2003, Vel. 9, No. 1 {14) [ (55N 1392-1355

56



[ AGE-RELATED DYNAMICS OF PINE FOREST COMMUNITIES

BALTIC FORESTRY
I S. <ARAZIA

Table 5. Indices of ecological conditions in the pine stand communities of different age determined according to indication

value of plants

B Indices ) - Groups of communities according to stands (cutling areas) age, yewrs - -
I [ 25 [610 [U-1s J1625] 2635 | 36-45 46-55 | 5665 [ o6- 76-85 | 86-100 [ 101-120 | 121-140 | 141 &> |
- - Communities of Vaceiniosa Lype pine :’7 o . o
ightd - 64 | 7.0 ‘ 69 | [ 66 | 59. [ 57 | 58 5.7 62 | 63 [ 62 63 |
ngto | 40 | 39 TN 43 | 44 | 45 | 45 15 | 45 | a4 | 4 I aa | ‘
| | | |
o | 67 67 66 | 63 69 69 69 68 68 | 67 | 68 ( T
| L7
33 4 % 3.0 33|36 33 2.9 3.4 3.2 35 | 33 | )
2.6 p | 2:2 3.0 3.3 3.1 2.5 2.7 2.4 2.5 2.0 |
52 50 | 52 | | st | 59 | 60 | 58 | 54 | 54 | si1 | ss | so | |
S (PR S R S J_“ | I S I
Communities of Vaccinio-myrtillosa type pine stands - .
Light demnand 56 | 63 | 66 | 64 62 5.8 59 | S22 | 57 54 | 58 [ 57 [ 59 6.1 54|
Humidity according to | 4.1 4.2 43 4.6 4.7 49 | 48 4.6 4.0 4.9 44 46 45 45 | 41 |
Ellenberg | ‘ 1 ‘ |
Humidity according to 68 68 | 68 68 69 69 70 69 70 70 70 | 69 69 68 ‘ 69
Ramenskij ‘ | - [
pH Geaction) 36 | 38 [ 36 [ 30 | 40 | 39 | 45 | 36 | 35 | 35 [ 48 | 36 | 42 | a1 | 35 |
Nitrogenity 30 | 33 3.3 ‘ 3.3 2.7 3.1 3.4 32 3.2 3.4 3.1 3.1 | 3.1 3.1 | 28 |
T'rophism (acc §:9 58 | 59 5.9 6.1 6.0 6.5 6.2 6.6 6.4 6.5 6.0 ; 6.0 59 ’ 6.1 ‘
Ramenskij) ' ‘ L | | | |

velopment change insignificantly. Even the increase
in light demand index is not great, though this might
be due to inaccuracy of indices values under the con-
ditions of Lithuania as well.

Dynamics of undergrowth abundance.

In natural pine stands undergrowth is not char-
acteristic of species diversity and abundance. The
communities in which the amount of undergrowth
would have edificatory influence on the functioning
of forest biogeocoenosis are few. In all stands of pine
on mineral soil sites junipers (Juniperus communes L.)
(though they occur seldom in Myrtillosa and Oxal-
idosa type), mountain ashes (Sorbus aucuparia L.)
and buckthorns (Frangula alnus Mill.) (the latter are
sparse in Cladoniosa type) grow. However, the ratio
of species varies greatly in different types of pine
stands. In stand of Cladoniosa type the juniper un-
dergrowth is usually sparse. Salix spec. appears in
Mpyrtillosa type and starts prevailing in the under-
growth of bogged up pine stands. In Oxalidosa type
hazel (Corylus avellana L.) prevails, the quantity of
other shrub species is generous too.

The undergrowth in Vacciniosa type is sparse,
Jjunipers prevail there, the projection cover of them may
reach up to 20-30% sometimes. The mountain ashes
(Sorbus aucuparia L.), buckthorns (Frangula alnus
Mill.) grow, though usually small shrubs only, with-
out distinct picture of undergrowth. Very seldom goat
willow (Salix caprea L.) or other accidental species
(Berberis vulgaris L., Rosa spec.) occur.

In the not thick undergrowth of Vaccinio-myrtil-
losa type pine stands mountain ashes (Sorbus au-
cuparia L.) prevail. Juniper is much more sparse here

than in Vacciniosa type. Buckthorns (Frangula alnus
Mill.) occur often though usually they are just tiny
shrubs, Hazels (Corylus avellana L.) of similar type
and single shrubs of other types grow there too. Spe-
cific variants of the communities of this type happen
— pine stands with thick mountain ashes undergrowth
in the Curonia spit and edaphic subtype in soils of
carbonate gravel with plentiful hazels, where under-
growth influences significantly regeneration process-
es. However, these rare specific cases are not going
to be analysed here. In other Vaccinio-myrtillosa type
pine stands of normal thickness thick undergrowth
was not found, usually its thickness seldom exceeds
0.1.

The change of undergrowth in the course of
stands’ aging is not very distinct. The dispersion of
stands’ undergrowth abundance of one age group is
greater often than differences among age classes. The
change in its species composition is especially small.
Therefore, in order to highlight the differences among
separate stands’ age groups more the communities
investigated were divided into five age stages of for-
est communities’ development mentioned before. Un-
dergrowth indices according to these stages are pre-
sented in Table 6. [t shows that the number of under-
growth forming shrubs is least in cutting areas. Along
with stand forming, species composition of under-
growth regenerates too. At the thicket stage already
all the species characteristic of the corresponding type
occur and even accidental (Malus sylvestris Mill.,
Pyrus communis L., Rosa spec., Ribes spicatum Rob-
son, Viburnum opulus L., etc.). However, all the shrubs
are very tiny and general projection cover is very low.
With the stand’s aging permanency and quantity of
undergrowth increases, examples of heftier shrubs
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Table 6. The Change in l[ndergrowth at dif- Indices | Cutting Stage of [ Thicket | §ﬁ7ﬂ Stabilization
ferent stages of pine stand developmcnt | areas ) \lil‘ll(l stage lhfrTmng stage
o | formation | |  stage B N
| Communities of Vacciniosa type N
Constancy of undergrowth (number 60 75 | 79 | 70 * 84
of plots with undergrowth), % R
Number of foundundergrowth 3 3 {5 5 T4
species !
Juniperus communis: class of II I ‘ 11 v v
constancy
Abundance — median and maximum r/+ +/1 +/2 +/3 +/2
value* - " |
Sorbus acucuparia: class of 1l Il I 111 ‘ I
[TL‘I'HKU\C”CY e E -
Abundance — median and maximum r/+ r/+ ++ ++ +1
value* a
Frangula alnus: class of constancy 1l Il | 11 [T v
Abundance — median and maximum r/+ ++ \ +/+ ++ +/1
value | |
] Communities of Vaccinio-myrtillosa type |
Constuncy of undergrowth (number 67 86 | 8! 85 92
of plots with undergrowth), % | -
Number of found undergrowth 4 5 7 7 5
_species .
Sorbus acucuparia: class of 1 it v v v
constincy
Abundance — median and maximum /1 +1 +72 +2 +2 [
| value* | ‘
| Frangula alnus: class of constancy A m | v v [ I
[ Abundance - median and maximum /1 +1 | #Hi +1 +1
vitlue* R o
Juniperus communis: class of I I I Il 111
constancy
Abundance ~ median and maximum r/+ +1 +H+ +2 +2
value*
Corylus avellana: class of constancy - - I I 1
Abundince — median and maximum ++ ++ ++
value*

*Abundance is cxpressed in Br.-Blanquet points cverywhere

occur, The greatest abundance diversity is among ju-
nipers (Juniperus communus L.). It is worth pointing
out that the most abundant juniper undergrowth was
found in the stand of self-thinning (not stabilization)
stage of Vacciniosa type pine stands. The shrubs of
other species are never found in large quantities in the
undergrowth,

The quantity and species composition of under-
wood.

The analysis is conducted on the data on appear-
ance of natural seedlings in stands starting with the
thicket stage. The issues of regeneration in cutting
areas are to be resolved. The data on the general
number of spontaneous trees are presented in Table
7. Pine underwood in Vacciniosa type communities
starts appearing at the end of stand’s self-thinning
stage only, that 1s beginning with age 60-70 years. In
70% of investigated mature plots pine underwood was
found. The average quantity of underwood in one plot
was up to 990 units per | ha, in several plots even
more than 3,000 pine underwood units were found. The
quantity of viable and perspective underwood was
less. However, the fact itself that spontaneous trees
appeared shows possibilities to use the spontaneous

regeneration to establish new stands if certain cutting
methods are applied.

The underwood of other species is not perspec-
tive, except some cases with birch tree. It is clear that
the number of young birch trees in mature stands is
not so small, though their viability usually is not high
and the probability of species change is low. It should
be stressed that regeneration of birch, as well as pine,
improves after surface fires. Young spruce are frequent
(in 71% of cases), in quite big quantity sometimes,
though their viability is low, they stunt in cutting ar-
eas, those having survived are not capable to com-
pete with pines. Oaks are quite a frequent component
of underwood. As one can see, the number of them 1s
greatest in middle-aged stands and in these at the
thicket stage, in which moss cover is thickest and un-
der which jay is hiding acorns. All these oaks are not
perspective, they have neither economical nor more
prominent phytocoenotical value, though they should
be marked as an element of the flora and a certain com-
ponent of wild animals’ food. Rare asps have the same
role.

In the communities of Vaccinio-myrtillosa type
regularities of birch, oak and aspen underwood appear-
ance are similar to Vacciniosa type, though the number
of spontaneous oaks and their viability is slightly
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Table 7. Probability of underwood (plots Tree Stages of stand development
number with underwood) and average | species Indices thicket *"_1’(*.,[;“”>l|”’mti'(l]¥()0 : ’"*'l’\.[ill“hm““” -
amount of underwood at different stages ey | FeRRg e ”:Mt”\.
of development in pine stands Communities of Vacciniosa type pine forests
Pine probability, % 4 12 33 71
average number 5+4 816 310+170 9904210
units/ha
Birch probability, % 20 28 59 78
| average number 61£25 40%17 193152 463+105
units/ha
Aspen probability, % 13 5 8 14
average number 38+12 1249 54 107
units/ha
Spruce | probability, % 34 42 60 71
average number 86125 19553 230190 220%78
units/ha
Oak probability, % 36 46 35 36
average number 120+33 160+48 47423 50+17
units/ha
Communities of Vaccinio-myrtillosa type pine forests
Pine probability, % 6 8 IS 41 44
average number 716 16£10 108+58 341120 222182
units/ha
Spruce | probability, % 56 78 67 71 89
average number 272154 1390£190 1040£173 1741+145 11224235
units/ha
Birch probability, % 56 56 50 53 67
! average number 87123 168135 158149 118+43 211+60
i units/ha
Aspen probability, % 28 20 15 18 22
average number 3015 86140 72438 41+18 22+14
units/ha
Ouk probability, % 72 60 69 52 33
average number | 270+38 205432 290+40 376%55 44422
units/ha

greater in the first one (even the second layer from
oaks starts forming sometimes). Pine underwood is
significantly less here. The main reason for a decrease
in pine and birch underwood is the course of spruce
underwood development. The spruce underwood starts
appearing already at the thicket stage of stands. It
increases at the self-thinning stage (on average more
than 1000 units per ha); some spruces reach the sec-
ond layer. If just single plots with spruce in the sec-
ond layer are found at the self-thinning stage, more
or less thick second layer of spruce comprise nearly
30% of mature stands. The quantity of over-mature
stands of such kind approaches 80%. The light in
under crown decreases. In relation to that not only the
quantity of pine underwood but of spruce too de-
creases. Therefore, the conclusion can be drawn that
in the natural development of stands, without inter-
ference of man natural disasters shift species compo-
sition from pine to spruce.

The self-regeneration regularities of Myrtillosa
type pine stands are similar very much to those in
Vaccinio-myrtillosa type pine stands, except that in
the self-regeneration of spruce is more intensive.

Cladoniosa type stands are characteristic of more
abundant quantity of pine underwood than Vaccinio-
sa type pine stands. As far as Cladoniosa type pine
stands are rather thin quite frequently, pine underwood

starts appearing in younger stands. Therefore, forma-
tion of pine stands of different tree age of this type
is possible.

Discussion

As it has been stated before, 5 stages of forest
communtities development can be distinguished in pine
stands. However, differences of phytocoenotical struc-
ture among these stages are not so distinct as in spruce
stands (Karazija 2002). If in spruce stands at the thicket
stage practically no vegetation of lower layers is left,
at the corresponding stage in pine stands the moss
cover is completely regenerated. Borderlines between
stages, especially the later ones, are rather conditional.

By comparing the data presented in the article with
the research data on age-related changes in pine stands
in other regions many common regularities and differ-
ences can be found. Not only the classical works of
[.Melehov and his students (Melehov 1954, 1959,
Melehov et al. 1965, Chertovskoj 1963, er al.) but
many other authors present the data about prevalence
of characteristic vegetation in cutting areas. Howev-
er, composition of vegetation in cutting areas depends
on geographical locality. For example, in cutting are-
as of pine stand in Germany (Schretzenmayr 1969) and
Finland (Walter 1968) Deschampsia flexuosa (L) Trin

2003, Vol. 9, No. 1 (1¢) NN 1SS 1392-1355

59



BALTIC FORESTRY
AGE-RELATED DYNAMICS OF PINE FOREST COM

appears abundantly, while in Lithuania’s conditions
the importance of this plant is more significant just in
coasta] forests. In Russian taiga forests Chamaeneri-
on angustifolium (L) Scop. is an important edificator
in cutting areas, while in cutting areas of Lithuania’s
forests no prevalence of it has been found. The main
edificators in cutting areas of Lithuania’s dry pine
stands are Calamagrostis spec., Festuca ovina L. and
Calluna vulgaris (L.) Hull.

The quantity and species composition of moss and
lichen in the course of stands’ age is similar in all the
pine stands in North Europe (Walter 1968, Yaroshe-
wich 1970, Andrzejczyk, Brzeziecki 1995, Kuvaev ef al.
1995), except in the Ukraine locates more southward
the dynamics of moss cover is different (Andrush-
chenko 1975).

Most of scientists investigating the dynamics of
pine stand communities’ age (Brakenhielm et al. 1980;
Ipatov et al. 1995; Kuvaev ef al. 1995; Andrzejeczyk,
Brzeziecki 1995 et al) distinguish stages of develop-
ment, however they are different quite frequently. Just
initial and mature (climax) stages coincide, though the
latter sometimes (Brakenhielm et al. 1995, Ipatov et al.
1995) is divided into the stages of culmination and
breaking down.

Discussing phytoindicational indices of the
change in ecological conditions and their differences
in comparison with spruce stands (Karazija 2002) it
should be stressed that on sites of dry pine stands
even under the conditions of humid Lithuanian climate
no signs of bogging up in cutting areas are noticed.
The increase of trophism (nitrogenicity) at the stage
of stand’s intense self-thinning is found. As far as this
i1s found in spruce stands too, apparently, this is a
regularity.

According to the data of underwood investiga-
tion the communities of two investigated types regard-
less of their phytocoenotical similarity are quite dif-
ferent from the point of view of development type. If
the regeneration of Vacciniosa type pine stands (like
Cladoniosa pine stands on even poorer sites) is com-
paratively successful, in pine stands of Vaccinio-myr-
tillosa type pine underwood is nearly absent and the
species composition is shifted from pine to spruce. T.
Andrzejczyk and B. Brzeziecki (1995) interpret a simi-
lar phenomenon (abundance of spruce and oak under-
wood) in pine stands of northern Poland as a possi-
ble result of alogenic change of environmental condi-
tions. However, the appearance of spruce underwood
is no novelty as in many pine stands of this type
admixture of spruce or second layer of it is observed.
The authors mentioned before point out as well that
in the investigated stands two past periods of pine
regeneration following stand destruction are deter-
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mined. The assumption is possible that spruce admix-
ture in stands composition is characteristic of pine
stands of this type and the range of its quantity de-
pends on different natural (and anthropogenic) impacts.

Research data presented in the article comprise
stands aged only up to 180 years and the stage of nat-
ural breaking down is not included. Therefore no di-
rect answer can be given what model of development
is characteristic of pine stands — permanent climax
(Clements 1916) or cyclic forest development (Daub-
enmire 1968, Remmert 1985). However, taking into ac-
count the structure of the stands, course of regener-
ation, the fact that there is a large number of pine
stands, even pure ones, on Vaccinio-myrtillosa type
sites where spruce prevails in the underwood, as well
as the references in the literature concerning certain
periods of pine self-regeneration, one can assume that
various processes take part. On poorer sites (Vaccini-
osa, Cladoniosa types) the possibility exists to form
climax type pine stands of trees of different age in the
course of natural development. On more fertile sites
the possibility of cyclic development of pine stands
is observed.

Conclusions

1. In pine stands the cutting areas (except the first
year after felling) and communities of forming up
young stands distinguish themselves by the greatest
variety of vegetation species and the abundance of
live soil cover. The thickets of young stands and the
communities of the middle-aged stands are poorest.
However, in contrast to the spruce stands, the moss
cover specific to mature stands regenerates at the
thicket stages already in the communities of young
stands. Therefore, even though stands’ development
stages parallel to spruce stands can be distinguished
- the cutting area, stand closure, thicket, self-thinning
and stabilization — differences between the latter three
are much less prominent.

2. As the stands’ composition and structure
changes in the course of aging, the indicator signs of
site change too. To define typological attribute of
species composition in pine stands of Vacciniosa and
Vaccinio-myrtillosa type that ares close to each oth-
er the following signs suit best of all:

a) different phytocoenotical structure;

b) plants-determinants which are found just in one
type of communities; there are two categories of them
— the first ones are more frequent though specific of
certain stand’s development stages only, the second
ones are rather rare but they depend less upon stand
age.

3. With the help of phytoindication methods it has
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been determined that ecological conditions change
little in the course of aging. The light demanding veg-
etation spreads out in cutting areas, though there is
quite a large number of light demanding plants at other
stand development stages too. No change in the hu-
midity conditions has been noticed in the cutting ar-
eas of dry pine stands. The degree of site’s trophism
has increased a bit at the self-thinning stage.

4. The species composition of the undergrowth
depends insignificantly on the pine stands’ age. The
more abundant undergrowth has been found in the
older stands, however, the pine stands of the types
investigated (with rare exceptions) do not reach such
an abundance of undergrowth which could influence
the process of stands’ formation.

5. In the Vacciniosa type older pine stands quite
a large amount of pine, not so small quantity of birch
underwood has been found. Therefore, as the “win-
dows” of crown layer’s appear, the formation of dif-
ferent-aged stands, sometimes mixed with birch, is
possible at the climax stage of forest development. The
underwood of other species has practically no influ-
ence on the process of forest communities’ formation.
Spruce regenerates abundantly in Vaccinio-myrtillo-
sa type pine stands and the corresponding succession
takes place. The regeneration of pine stands and the
conversion to birch stands is influenced by various
catastrophic natural phenomena and certain human ac-
tivity. Therefore, the formation of pine stands of this
type goes on according to the model of cyclic forest
development possibly.
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BO3PACTHASA JTUHAMMUKA JIECHBIX COOBILHIECTB COCHSKOB

C. Kapa3zus

Pesrome

Hccnenosanus CTpyKTyphl cOOGIIECTB COCHAKOB Pa3HOTNO BO3PAcTa BBINMONHEHE! C LENbI0 BBIACHEHHA CTAOMNLHOCTH

HHAHKAaTOPOB JIECOPACTHTENbHBIX YCIOBHH M 3aKOHOMepHOCTEH BO306HOBNeHHA. VccnenoBaHus POBEACHB! B COCHOBBIX
1ecax, MPoU3pacTaIMX Ha MHHEPANbHEIX MOYBAX, B OCHOBHOM ABYX THIOB J1eCa — OPYCHHUHOHO M OPYCHHUHO-YEPHUYHOTO,
Hcnmons30BaHb! MOCTOAHHBIE H BpEMEHHbIE NPOOHEIE MITOLIA/IH.

Haubonbmum GuonoruyeckdM pazHoobpasdem M Haubonee TYCTBIM TPABSIHO-MOMYKYCTAPHUYIKO-BBIM [TOKPOBOM
OTIMHAIOTCA cOOBIECTBA CTaPhIX BHIPYGOK U (POPMUPYIOUIHXCA COCHOBBIX MosoAHsKoB. Haubonee GeqHBIMH MO BHIOBOMY
COCTABY SBJIAIOTCSA I'YCThIE MOJIOAHAKY H CPEAHEBO3PACTHEIE COCHAKH. OHAaKO MOXOBOf MOKPOB B HACAKACHHUAX 3TOH CTaiUK
JOBOJNBHO TycToil. [TosToMy pasmiuus QUTOUECHOTHYECKOH CTPYKTYDPBI MEXAY COOBIIECTBAMH pa3HbIX BO3PACTHBIX CTaMil
COCHSKOB 3HAUHTEJLHO MEHbIIIE, YEM B eNbHHKAX.

BumoBoit cocras nmojutecka Maso 3aBHCHT OT BO3PacTa COCHAKOB. He3HauHTeNbHO H3MEHSIOTCS H SKOJIOTHYECKHE YCIOBHS
€ BO3PACTOM JPEBOCTOCB.

CoofuecTBa aHaNH3UPYEMbIX JBYX THITOB JIECA JOBOJIEHO CXOJIHBIE ITO UX 00IIEMy BHIOBOMY COCTaBY, HO pa3H4aroTcs
IO COCTaBy M MPOM3BOAHTENBHOCTH ApEeBOCTOEB. [{JIS WX THIIONOrHYECKOTO UarHo3a Hanbomnee MOAXOMAAIMMH TIPHIHAKAMH
ABNAIOTCA PA3NHYHA QHTOUCHOTHUECKOH CTPYKTYPHI H PAcTeHHA-ASTCPMHHAHThI, YAaCTh KOTOPBIX CBOWCTBEHBI JUIN
COOTBETCTBYIOUIHX BO3PACTHBIX CTaAHUI Pa3BUTHS APEBOCTOEB, APYrHe — Boiee peKue, HO Dosee MOCTOSHHBIC.

B GpycHHUYHBIX COCHAKAX BCTPEUACTCH ROBONBHO OOMIIBHBIN COCHOBBIH MOAPOCT, UTO YKA3bIBACT HA BOIMOXKHOCTD
¢$hopMHPOBaHHA Pa3HOBO3PACTHOTO APEBOCTOA. B OpYCHHIHO-UCPHUYHBIX COCHAKAX JOMMHHUDYET €JOBBIH MONPOCT,
BOCCTAHOBJIEHHE COCHAKOB CBA3HO JIHUIb C SBJICHHAMH KaTacTpoHYECKOro Xapakrepa.

KsoioueBbIe €JIOBA: COCHAKH, XHMBOH HAaMOUBEHHEIH MOKPOB, MOANECOK, MOAPOCT, PHTOMHANKAUHS, BO3PACTHAS
JHaMuka, 6ionoruueckoe pazHooGpasue.
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