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Abstract

The structure of 2 to 9-year-old natural origin broadleaved stands is analyzed, using the method of component
analysis. The stands under study represent natural regrowth of trees in fertile cutovers of dry mineral, wet mineral, wet
peatland, drained mineral, and drained peatland forest growing conditions. For analyzing the internal structure of young
stands the following traits are used: a) the forest stand before felling and the forest adjoining the cutover — 22 traits; b)
the structure of ground cover vegetation in cutover — 31 traits; c¢) the structure of young stand and soil characteristics
— 45 traits. The results of component analysis show that the 160 young stands of the age from 2 to 9 years ought to
be treated as a single population that could be denoted by a common term — young stands in fertile forest types.

The initial density of natural origin broadleaved stands is notably high: in 89 % of the stands surveyed the number
of stems exceeded 10,000 trees/ha while in individual cases it exceeded 120,000 trees/ha. The number tree stems shooting
up naturally does not depend on the cutover width. As it follows from the analysis of stand structure (species composition
and height), in a cutover the young stand may form a variety of biogroups. Because of significant differences in biogroup
structure a unified thinning regime is not suitable for the whole site. In such cases the tending of young broadleaved

stands ought to follow the biogroups of particular tree species.
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Introduction

Restocking by conifers the cutovers suitable as to
growing conditions also for broadleaves may often be
risky due to both abiotic (wind, frost) and biotic fac-
tors (broadleaved competition at the early age, wildlife
damage, diseases) as well as high planting and protec-
tion costs. Many of the risks have no relevance for
naturally regenerating broadleaves which, accordingly
tended, will turn into commercially valuable crop stands.
Besides, the commercial value of hardwoods (silver
birch, aspen, A/nus sp., noble hardwoods) increases and
is close to that of conifers or even higher.

Let us point to some problems that may in future
affect the cultivation of broadleaves in Latvia:

1. Broadleaved forests, mostly resulting from self-
afforestation of abandoned agricultural lands and
unstocked cutovers, are established over large areas
with no silvicultural treatment. Because of no pre-com-
mercial thinning (cleanings), the stand structure is
uneven with the tree species of lesser commercial value
(grey alder, aspen) predominating.

2. Until recently the hardwood timber was con-
sidered of low value, and commercial forestry was ori-
ented towards cultivating mainly conifers with Norway
spruce excessively used in artificial forest regenera-

tion. According to the data of the Latvia’s forest in-
formation system, ten years ago there was an obvi-
ous shortage of young broadleaved stands with the
broadleaved-dominated forests of the age from 1 to 20
years accounting for 1.4 % only (Jansons 2009). There-
fore, starting this research, we were based on practi-
cal varities acquired in coniferous stands.

3. In recent years large areas of cutovers under
fertile forest growing conditions are left for natural
regeneration with broadleaves. It is mainly because the
private forest owners have no financial resources for
planting conifers while the state-owned and corporate
enterprises are interested in increasing the area un-
der broadleaved stands. Yet, without pre-commercial
thinnings no high quality stands can be expected in
the future. Natural regeneration by broadleaves occurs
already during the first years after clear-felling with
the coppice of fast-growing species outperforming the
saplings of silver birch and noble hardwoods. Belat-
ed cleanings will be to no avail either.

The quality of the old stand next to the cutover
appears to be the only criterion for evaluating the per-
formance we may expect from naturally regenerating
broadleaves. Normally, the young growth of natural
origin comprises a mix of tree species and in rare cases
the height of young shoots can be considered as an
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indicator of stand quality. It refers to aspen coppice first
of all, while in many cases the quality of birch and noble
hardwood saplings is not high either. Selecting the fu-
ture crop species from a diversity of naturally sprout-
ing young shoots following the tree species of highest
quality in the adjoining old stand ought to be the guid-
ing principle in making the future crop stand.

Regarding the dynamics of stand growth, the re-
sults of the given study, derived from recurrent meas-
urements on long-term sample plots, show that keep-
ing the initial density of young growth high is a sig-
nificant silvicultural error which can be described by
the following regularities:

1. The lower the initial stand density at young age
the higher is the yield at maturity (FOonBampkuc u
Osonunutoc 1987, Kaper u CxomopoBckuii 1998,
Zeide 2004, Zalitis 2006). Let us mention that in most
cases these authors consider as low density the plan-
tations with the initial density of 5,000 trees/ha, and
as high density — 20,000 trees/ha. However, reducing
the initial density to 5,000 trees/ha has no significant
effect on the volume growth, and we cannot recom-
mend it as the lowest density in practical forestry.

2. The number of trees as the height function is
true only for the stands with a fairly high initial den-
sity where there is a tough competition between trees
(Katiproxmtuc u KOoxBanekuc 1976, Abetz 1981,
Psa6oxonp 1991, Zalitis and Libiete 2008). In 18 years
at the initial density below 3,000 trees/ha all spruces
of the height 8 m had survived and at the age of 30
years 72% of them belonged to the main stand. On the
other hand, at the initial density of 20,000 trees/ha, at
the age of 30 only 31% of the trees met the character-
istics for inclusion in the main stand.

3. In low density stands, the trees are more re-
sistant against root rot as they grow taller, show higher
diameter increment, and have more vigorous crowns.
In sparse stands the lowest branches die back and
come off much in the same way as in dense stands
(Briinig and Heuveldop 1976, Vyskot 1978, Ps6okonn
1991, T. Zalitis and P. Zalitis 2007). In spruce planta-
tions of low initial density, the underbrush and vas-
cular plants in the space between rows survive for the
wildlife to feed on, while a dense plantation would turn
into a thicket devoid of life. Some authors recommend
thinning out thicker branches in late pre-commercial
thinnings (Varmola and Salminen 2004).

Before starting the given research work two ma-
jor tasks were formulated:

1. In what kind of stands in fertile forest ecosys-
tems the natural regeneration of broadleaves would
culminate, and is the initial number of stems in the
young broadleaved growth sufficient to expect a high-
yield crop stand?
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2. What is the species structure of naturally re-
generating young stands, and what methods of pre-
commercial thinnings should be applied?

Material and methods

According to the Latvian forest typology all for-
est ecosystems fall into five types of growing condi-
tions: forests on dry mineral soils (49% of all Latvia’s
forests according to the NFI data), forests on wet
mineral soils (9.6%) and wet peatlands (8.4%). Because
of a considerable part of woodlands drained two types
of man-made forest growing conditions are singled
out: forests on drained mineral soils (19.3%) and for-
ests on drained peatlands (13.5%). Within each type
of growing conditions there is a number of forest ec-
osystem types (from 4 to 6), which characterize main-
ly the differences in soil fertility and the potential
effect of forest cultivation. For example, S1 Calluno-
so cladinosa is the most oligotrophic forest type within
the dry mineral soil forest growing conditions, and Gr
Aegopodiosa — the most fertile one. The traits for
classing tree stands with one or another forest type
are methodically collected and described for mature
forest stands. After the stand is final-felled the forest
type for cutover and the young growth is usually es-
timated from the previous forest inventory records. In
Latvia’s forest regulations, different forest types have
specific demands regarding the terms of forest regen-
eration and tree species used. The fertile forests, for
which natural regeneration is analyzed in the given
study, account for 36% of the total forest area.

For the needs of research work 160 fertile forest
type cutovers were randomly chosen in eight admin-
istrative districts of Latvia (Bauska, Daugavpils, Gul-
bene, Jekabpils, Jelgava, Liepaja, Limbazi, and Ogre)
(Fig. 1), totally 20 cutovers in each district.

Figure 1. Location of sample plots on the territory of Latvia
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In choosing the research material, the following
restrictions were observed: a) the site of cutover is
ecologically and economically suitable for cultivating
broadleaves; as a result the reference sample comprised
forest sites which according to the Latvian forest ty-
pology before felling belonged to the following for-
est types: Vr Oxalidosa, Gr Aegopodiosa, Vrs Myr-
tilloso-polytrichosa, Grs Dryopteriosa, Lk Filipen-
dulosa, As Myrtillosa mel., Ap Mercurialiosa mel., Kp
Oxalidosa turf. mel. (Buss 1989, Zalitis 2006); b) the
age of young growth on the cutovers was from 2 to 9
years (time after felling, not counting the year of fell-
ing); ¢) no trees planted on the cutovers and no pre-
commercial thinnings done to the young growth.

In each of the eight administrative regions cho-
sen were 20 cutovers of different age (i. e. the number
of years after felling) and having the traits as speci-
fied above. The cutovers were chosen randomly, us-
ing the database of standwise forest inventory. In each
cutover, the survey was done on nine identical circu-
lar sample plots (SPs) of the total area 60 m*. The SPs
were arranged in three rows — two along the sides and
one in the centre with three SPs in each. Along the
cutover’s longer sides the SPs are 20m off the edge;
the distance rows from the cutover ends is %, %, and
% of the cutover length, respectively. In each SP, the
following measurements were made:

* number of trees following the tree species and
height groups (<10cm; 11-20cm; 21-50cm; 51-100cm;
101-200cm; >200cm);

* soil disturbance (visual evaluation: 1 — slight,
3 — heavy);

* peat layer depth, cm;

* mean height of the ground vegetation, cm.

The following data are supplied for each cutover
surveyed:

» cutover age (number of years after timber har-
vest, including the year of final felling);

» cutover length, width, and area;

» composition of the tree stand cut down;

* description of the adjacent forest stand (on side
1 and 2);

» forest type before final felling.

In each cutover, the ground vegetation is sur-
veyed at 200 points, distributed along SP rows per-
pendicular to the cutover sides. The survey is done
by sticking into the ground an iron rod, 1.5m long and
0.3cm in diameter, and recording all the plants whose
above-ground parts (leaves, stems, or blossoms) are
in contact with the rod (point-square method).

The data are entered into unified field sheets and
fed into a matrix developed for data processing in the
MS Excel environment. For analyzing the typological
structure of natural origin broadleaved stands in fer-

tile forest types used is the method of component
analysis, which was successfully applied when devel-
oping the Latvian forest typology (bym u ap. 1975).
The method of component analysis was used to
solve the problem of grouping (In how many groups?
Following what traits the given object falls into one or
another group?) the research objects. The tree stands
appearing in cutovers were correlated with the numer-
ical values for the following parameters: a) stand age;
b) projective cover of ground cover vegetation ecolog-
ical groups (Bbym u AGoxmus 1968); c) forest type
before felling, numerically described by the value of
forest land (in grades); d) depth of peat layer; e) de-
gree of soil disturbance; f) structure of felled stand; g)
structure of the old forest next to the young stand; h)
number of stems in the young stand of the height be-
low Im; i) number of stems in the young stand of the
height above 1m; j) width of the young stand (cutover).

Results and discussion

In all research objects, the initial density of nat-
urally regenerating stand was notably high: in 99 %
of the objects surveyed in fieldwork the number of
trees exceeded 2,000 trees/ha, and in 89 % of objects
— 10,000 trees/ha (Table 1), which testifies a success-
ful re-establishment of forest ecosystem after felling.
At the same time a significantly high diversity of tree
species coming up was observed, with aspen, usually
as a coppice growth, predominating. The dominance
of aspen (also grey alder) in regenerating stands makes
one seek the ways how to control the initial species
composition. Under the coppice growth quite a high
number of saplings of commercially more valuable
species (silver birch, noble hardwoods) were often
found. The high initial density of naturally regenerat-
ing stands is indicative of an intolerable loss of ener-
gy of growth in the fight of competition between the
tree stems sprouting up on the cutover.

Table 1. Maximum, minimum, and average number of
trees (N) in SPs of analyzed districts

The

The number
number of of cutovers
District Naver. Nmin Nmax cutovers )
with N with N
N < 2000 N < 10000
Bauska 23300 5300 44500 - 1
Gulbene 11500 1500 28200 2 7
Limbazi 19100 2700 51500 - 3
Liepaja 24000 6700 56000 1
Daugavpils 40800 8000 119700 1
Jelgava 32000 9300 63000 1
Ogre 24900 4700 89000 2
Jékabpils 30700 3700 64300 1
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Both exceedingly high number of young shoots
on the cutover under natural regeneration and a dis-
proportionate species composition count in favour of
early pre-commercial thinnings (cleanings). For estab-
lishing high-value crop stand from the initial stock of
natural origin (high number of young stems) an addi-
tional inflow of energy is needed, i.e. silvicultural in-
tervention, which is most urgent just in the first years
of stand development.

When analyzing 160 stands with a highly differ-
ing number of young stems and species composition,
a question arises whether all the objects selected for
research can be treated as a single population. An
answer to this question will determine the methods of
analysis, prognoses of the future performance of
young stands, and the most suitable silvicultural ac-
tivities to be taken. As already mentioned, the research
objects belonged to a variety of forest types. It is
quite possible that the traits used for classing a ma-
ture stand with one or another forest type hold no more
after the stand is final-felled and as such cannot be
included in the regulations for forest regeneration.

For analyzing the internal structure of the refer-
ence sample of young stands the following traits were
used:

1) the forest stand before felling and the forest
stand next to the cutover — 22 traits;

2) the structure of the ground vegetation - 31
traits;

3) the structure of the young stand and soil char-
acteristics — 45 traits.

In component analysis each sample plot is treat-
ed as a vector in n-dimension space (in the given case
comprising 98 traits), and when analyzing the struc-
ture of co-variate matix, indentified are two major ei-
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Figure 2. Trait distribution of the reference sample in mul-
tidimensional space following the parameters of the regener-
ating stand, the species structure in the stand felled and in
the stand next to the cutover
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genvectors (PRIN). The said eigenvectors generate a
plane in which the objects, i. e. the sample plot de-
scriptions, are projected. This approach gives such a
placement of planes that best of all reveals the differ-
ence between the sample plots and as clearly as pos-
sible indicates their grouping.

Projecting the descriptions of young stands on
the plane according to their coordinates in a system,
where the most suitable vectors form the coordinate
axes, resulted in a highly compact set of points. In each
sector of the set of coordinates the stands of differ-
ent age were found. The density of points in the cen-
tre is higher than in the periphery. Such a structure is
typical of a sample made up from a single population.

This is confirmed by distribution frequency
curves, which are obtained by projecting the points
on the PRIN1 un PRIN2 coordinate axes (Fig. 2). For
all the variants we obtain single-peak distribution
curves, which are fairly close to normal distribution.

As it follows from the above analysis, there is no
reason for grouping the young stands (cutovers) to
single out specific diagnostic traits or create a spe-
cial typology for them. Provided the age of the young
stand is below 10 years, the forest type of the stand
cut down is of no importance either. Clear-felling as
an action destructive to the forest ecosystem obliter-
ates for the time being the typological distinctions
that existed between the forest ecosystems compris-
ing mature stands. The restrictions introduced for
choosing the objects to be studied were sufficient to
count the young stands (cutovers) as belonging to a
single population that can be denoted by a common
term — fertile forest types.

During the growth and development of young nat-
ural origin stands the traits typical of different forest
types will show up anyway. At the given stage of stand
growth we have enough possibilities to follow up the
development of young stands as a single population
and analyze the differences in stand parameters.

Although the sample stands studied belong to a
single population, in the course of growth a differen-
tiation inside individual forest sites takes place. The
traits that may vary are the species composition and
the number of trees and height groups (up to 1 m,
above 1 m). Such a differentiation results in a pecu-
liar stand structure in separate parts of the site which
must be taken into account when prescribing silvicul-
tural treatment. As an example we refer to the sample
plot of the Subate Forest District (Fig. 3).

To investigate the structure of young stands, nat-
ural regeneration in large (up to 10 ha) continuous cu-
tovers was analyzed. In this study we have included
the data collected in a continuous cutover (22.4ha;
length 1,400m; width 160m) in the Subate Forest Dis-
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trict (Daugavpils). The cutover area was arbitrarily di-
vided into ten parcels of about 2ha in size. For greater
clarity the parcels are numbered (Fig. 3). Chi-square
method is used for juxtaposing the structure of young
broadleaved stands between different parcels (Liepa
1974). By this method compared are individual parcels,
singled out in the cutover. The comparison is done
following the number of broadleaved trees distributed
by the tree species and height groups (<1m and >1m).

8 = %

\\\

Significantly differing
parts of the stand

Figure 3. Lay-out of the analyzed stand at the Subate For-
est District

4. E

There were no significant differences only be-
tween parcels 5-7 and 9-10. For example, in parcels 9-
10 the future crop stand can be made by similar meth-
ods as the structure and the number of trees per ha is
similar (Table 2). On the other hand, in parcel 10 lo-
cated next to parcel 1 the number of birches is twice
less, that of noble hardwoods — twice higher with the
number of aspens three times less. The number of
individual tree species in different biogroups within
one and the same stand may vary from 0 to 11,700 (for
example, common alder in parcels 6 and 19). Normally,
the cleanings are planned and carried out, choosing
one main species for the whole site. This method is
right for the stands regenerated artificially with coni-
fers, for example. The structuring of stand in biogroups,
which is typical for naturally regenerating broadleaves,
requires a different approach. A simplified recommen-
dation, for example, to thin out all aspens in the whole
site is acceptable, providing the quality of aspen in
the adjoining old forest is critically low or the number
of other species trees evenly distributed all over the
site is sufficient for a future crop stand.

Table 2. The differences in stand species composition
within a single cutover in the Subate Forest District

Number of trees/ha
Parcel
number Birch Aspen Common  Grey Noble
alder alder  hardwoods

1. 6500 18800 0 0 5000
2. 45500 12500 0 0 13000
3. 52000 17500 0 0 1800
4. 52800 2900 200 0 7700
5. 57000 7200 800 0 7800
6. 24800 4400 11700 0 9600
7. 19700 3100 200 300 5700
8. 23900 7500 0 0 900
9. 4300 7000 0 2200 10200
10. 3100 5800 0 0 11500

Conclusions

1. The initial density of natural origin young
broadleaved stands is notably high: in 89 % of the
stands surveyed the number of stems exceeded 10,000
trees/ha, and in individual cases it was higher than
120,000 trees/ha.

2. Typological analysis by the method of compo-
nent analysis of naturaly regenerating broadleaved
stands of the age up to ten years shows that the stand
removal as an action destructive to the forest ecosys-
tem obliterates for the time being the typological dis-
tinctions that existed between the forest ecosystems
of mature stands. That is why there is no reason ei-
ther for grouping the young stands (cutovers) or plac-
ing emphasis on one or another diagnostic trait typi-
cal of them, including no need for typological distinc-
tion between them.

3. As it follows from the analysis of stand struc-
ture (species composition and height), in one and the
same cutover the young growth may form different tree
biogroups. Because of significant differences in the
structure of these biogroups no unified thinning regime
can be applied for the whole cutover. In such cases the
tending of young broadleaved stands is done follow-
ing the biogroups of particular tree species.
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CTPYKTYPA MOJIOJHAKOB JIMCTBEHHBIX IIOPOJ B JIATBUU U BO3MOKHOCTbD

YXOJA 3A HUMHU

IO. Suconc, IlI. 3aauTic 1 A. AUTHHBII

Peztome

Nzyyeno 160 MONOZHSKOB JIMCTBEHHBIX IOPOJA €CTECTBEHHOI'O BOCCTAHOBIEHHUS B Bo3pacte 2-9 jeT. 3aoKeHHbIe
MpoOHBIE TUIOIAIN XapaKTePU3YIOT TUIOJOPOIHBIC Jieca Ha CyXOJ0Je, Ha MOKPBIX MHHEpPATbHBIX MOYBaX, Ha MOKPBIX
TOp(MSIHBIX MOYBaX, HA OCYHICHHBIX MUHEpAJBHBIX MOYBAX, HA OCYHIICHHBIX TOP(QSHBIX MOYBAX. BBHIMOTHEH KOMIOHEHTHBIN
aHaJIM3 BHYTPEHHUX I1apaMeTPOB JIECHON 3KOCUCTEMBI 110 98 mpu3HakaM, B TOM 4uciie: 1) Bo3pacT MOJIOIHSKA; 2) IPOEKTHUBHOE
MOKPBITHE XapaKTEPHBIX TPYIIIT TPABIHUCTOTO MMOKPOBA; 3) TUII Jieca 10 BEIPAOOTKH IPEBOCTOs; 4) TOMIIUHA TOP(SIHOTO CIIOS;
5) medopMmanys MOYBHI IPU BEIPAOOTKE Jieca; 6) MOPOJHBIA COCTaB BBIPYOJICHHOTO IPEBOCTOS; 7) MOPOTHBIA COCTAaB K
Jiecoceke MPUIIETAIOMIETo IPEBOCTOS; 8) TOPOIHBII cOCTaB IEPEBIICB B MOJOAHAKE HIDKE 1 M; 9) MOpOIHEIA cOCTaB JepEeBIIEB
B MoJorHske Beime 1 M; 10) mupuHa necoceku. B pesynbrare BBISBIEHO, 4TO CTPYKTypa MOJIOIHSIKOB JIUCTBEHHBIX OO HE
3aBUCHT OT THUIIA JIECa U BCE ONMUCAHUS MPOOHBIX IJIOLIAIeH OTHOCATCS K OJTHOM MeHEepaJIbHOM COBOKYITHOCTH — TUIOI0POAHbIE

THUIIBI JICCA.

Yuco epeBleB B MOJIIOAHIKAX O4eHb Gonbiioe: Ha 89% BbIpyOok oHO mpebimaet 10000 wT ra’l, HO Ha OTACIBHBIX
BeIpyOKkax ono mocturaet 120000 mr. ra”!. PekoMeHayeTcst 9uCiio AEepeBUEB BHICOTOW 3-5 M COKpaTuTh OMHOU PyOKOi

npourctkd g0 2000 wr. ra’.

U3 neneHanpaBieHHO C)OPMUPOBAHHBIX MOJIOAHIKOB B BO3pACTE MPHUCIICBAIOLIEr0 HACAXKAECHHUSA YUCIO JEPEBbEB B
cpexHeM Ha 300 mwT. ra’' Gosplue U 3amac apeBoctos Ha 160 M° ra! Gosblie, 4eM B HACAKACHHUAX MPOU3PACTBUIMX U3

MeperyuieHHOro 6epe30BOro MOJIOIHSIKA.

KnrodeBble cl10Ba: MOJOIHSK JMCTBEHHBIX NTOPOJ, CTPYKTypa HAaCAKAEHHS, TOBBIIICHIE TPOTYKTHBHOCTH
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