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Mycorrhiza formation on the roots of Scots pine seedlings in nursery applying various substrata (pine and oak
stand litter, decomposed peat) in different populations (TelSiai, Labanoras, Veisiejai) is analysed. In this paper the different
positive impact of various substrata on the growth the development of Scots pine seedlings from separate populations,
the peculiarities of spreading of various mycorrhiza morphotypes, their relation and impact on overground parameters
of biennial seedlings were observed.

The total amount of mycorrhiza in the control ground without litter is by 9% higher than in oak stand litter, 15%
— in pine stand litter, 16% — in decomposed peat. The variability of the most common (ectendomycorrhiza and
ectomycorrhiza) mycorrhizae were evaluated in the examined nursery substrata. While ectendomycorrhiza dominates
(60%) in decomposed peat, the occurrence of ectomycorrhiza decreases (12%). In oak stand litter the ectomycorrhiza
increased (28%) in respect to ectendomycorrhiza and dead mycorrhiza. This was due to the abundance of mycorrhiza
fungi and greater activity of microorganizms (bacteria). Concerning population level, the outspread of ectomycorrhiza
in respect to other morphotypes of Labanoras population (19%) surpassed the representatives from Veisiejai (14%) and
Telsiai (12%) populations. The reaction of mycorrhiza morphotypes highlighted higher sensitiveness of TelSiai population,
which influenced weaker growth of seedlings. The representatives from Labanoras population reacted to new soil conditions
most sensitively, though according to growth parameters they were more preeminent than other populations. The diversity
of mycorrhiza fungi presupposes selection possibilities of seedlings according to its types and ensures more rapid growth
and greater resistance of seedlings to various environmental factors.

Key words: Scots pine seedlings, populations, nursery substrata, morphotypes of mycorrhiza, the optimums of
growth parameters.

Introduction

In our nurseries, due to highly intensive fertiliza-
tion, application of pesticides and cultivation for many
years in turn, soil mycobiota has undergone great
changes, which led to the lack of necessary for myc-
orrhiza fungi. Therefore, the growth of seedlings has
slowed down and their resistance to various environ-
mental factors has decreased. Chemical protection
measures have suspended not only the activities of
pathogenic fungi, but have also reduced mycorrhiza
formation and self-regulation possibilities of soil mi-
croorganisms (Rudawska 2000). Thus, new, ecologically

sound and environmentally acceptable agrobiological
measures to ensure growing of quality planting stock
in nurseries have been sought. In Lithuania mycorrhiza
studies were initiated only recently and at the present
time have become very important both from scientific
and practical point of view.

Seeking to be integrated into the EU, the country
has to review essentially the strategy and tactics of
further development, to afforest vast (200 — 600 thous.
ha) abandoned and infertile land areas, to increase the
woodedness of the country from 30.9% (Lithuanian
state forest statistics 2001) to 38.4% (RiepSas 2002).
Thus, it is necessary to reconsider the development
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strategy of protected areas, optimizing protected for-
est areas of various destinations, develop multiple,
sustainable forestry, ensuring conservation of biodi-
versity and formation of stable ecosystems (Kairiuks-
tis 1996, Riepsas 2000).

To reduce transfer stress of seedlings from dif-
ferent populations and to sustain their genetic diver-
sity, the soil should contain not only sufficient amount
of nutrients, but also mycorrhiza fungi. Continuous soil
biological and chemical processes substantially reduce
the amount of organic compounds and the possibility
of seedlings to assimilate them. To increase soil bio-
logical activity and productivity, one of the most wide-
spread and efficient measures is applied — transfer of
forest litter mixed with forest soil genetic horizons into
the nursery (Martuc 1976, Gorzelak et al. 1989, Hilszc-
zanska 2000). Mycorrhiza fungi, owing to their higher
absorption capacity, facilitate seedlings in assimilat-
ing nitrogen and other nutrients from hardly decom-
posable organic compounds, alongside taking from
plants carbohydrates (Sleinys 1986). Therefore, the
advantage should be taken of this. Mycorrhiza in-
creases surface capacity of the roots of seedlings and
their resistance to biotic and abiotic factors during
transplanting (Rudawska 1997). Better establishment
is observed on seedlings having greater weight of fine
roots (CmupuoB 1981, Baltrusaitiené 1994). For Scots
pine seedlings the litter of spruce stands mixed with
peat is more suitable (Gorzelak ez al. 1989). If there is
a lack of mycorrhiza fungi, Scots pine grows slower,
becomes dwarf or dies (Meyer 1973).

Ectomycorrhiza is the most suitable form of Scots
pine symbiosis. Ectomycorrhiza, spread on the roots
of Scots pine, shows soil conditions in the nursery
and the efficiency of applied agrobiological measures
(Kowalski 1997, Sierota et al. 2004).

Ectendomycorrhiza is mostly wide-spread in for-
est nurseries and young Scots pine stands, especial-
ly on soils having high nitrogen concentration
(Rudawska 1993). An urgent environmental pollution
problem due to an increased amount of nitrogen ferti-
lizers in the soil in western and central Europe is said
to be one of the possible causes of forest decline
(Nihlgard 1985). A sequential, chain-like dependance
has been ascertained: environmental pollution by ni-
trogen fertilizers — disappearance of mycorrhiza —
forest decline (Rudawska 2000). Ectendomycorrhizae,
appearing due to an increased amount of nitrogen in
the soil, by the way of their prevalence reduce the
possibility of appearance of other mycorrhizae and may
be the main cause of the death of seedlings, trans-
planting them from nursery into agricultural land, char-
acterized by a different microflora than forest soils
(Dominik 1963). The roots of seedlings, failing to find

a suitable symbiont (fungus) in the transfered soil,
suffer from mass attack by plant disease agents and
are more susceptible to unfavourable abiotic factors
(Miinzenberger et al. 2000). Other researchers (Sten-
strom et al. 1986) pointed out, that a low concentra-
tion of nitrogen easily stimulates the appearance of
mycorrhiza in poor and infertile soils, ensures success-
ful establishment of seedlings and more rapid growth
of them during the first year after transplantation.

The aim of studies is to study the influence of
separate nursery substrata on mycorrhiza development
and to evaluate the variability of mycorrhiza morpho-
types and growth parameters in the progenies of dif-
ferent populations.

Material and methods

The experiment was carried out in 2000-2001 in
Dubrava nursery.

To ascertain the peculiarities of mycorrhiza
spreading on seedlings and to assess the sensitivity
of Scots pine offsprings from different regions, the
seeds from three populations (TelSiai, Labanoras and
Veisiejai) were chosen and sown using a stencil (5015
cm) with 4 replications in prepared substrata in Du-
brava nursery. The maintenance and fertilization of
seedlings were performed according to methodics
worked out by V. Juska et al. (fOmka et al. 1982), L.
Kubertaviciené (1998), K. Armolaitis (1999), J.Paicius
(2001).

To ascertain the influence of substrata on myc-
orrhiza development, pine and oak stand litter as well
as decomposed peat were prepared according to A.
Gorzelak (1989). The control variant was represented
by nursery soil. Mycorrhized soil comprised 40 kg/m?
of a longitudinal strip. Totally, 1920 kg of mycorrhized
soil were used for 48 m? of the longitudinal strip.

In Forest Research Institute (Warsaw) asessment
analysis was done for 48 randomly selected seedlings
according to M. Rudawska ef al. (1994). 48 prepared
samples in test-tubes were identified and classified
according to the most frequently occurring in nurser-
ies Scots pine mycorrrhiza morphotypes. Changeabil-
ity analysis of mycorrhiza morphotypes was done with
the help of two-factor dispersion analysis according
to this model:

Y, =m+A +K+AK +E,,

where lek — trait value of k-seedling from 1-population
in j-substratum, m — average of the whole experiment,
AJ. — effect of j-substratum, K, — effect of I-population,
A><Kjl — interaction effect of substratum and popula-

tion, Ejlk —random error.
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To assess phenotypic (ecological) plasticity of
different populations (TelSiai, Labanoras, Veisiejai)
according to mycorrhiza morphotypes, parameters of
regression analysis were applied (®enun et al. 1973):
regression coefficient and standard deviation accord-
ing to this model:

X. =m+rl+d,
1] 1] 1]

where Xi- trait value of i-population in j-substratum,
m — mean of the whole experiment, r. — regression
coefficient of trait variance of i-population, Ij — index
of environmental (ecological) conditions in j-substra-
tum, dij — deviation of i-population from regression
line in j-substratum.

The occurrence of mycorrhiza morphotypes of
each seedling was described by an alternative (qual-
itative) trait, recalculating it into quantitative one and
pointing out its spreading percentage (frequency).
Variation coefficient of traits was ascertained by the
usual for qualitative traits formula:

V = (8/M)x100%,

where V — trait variance coefficient, 8 — mean stand-
ard deviation, M — arithmetic mean of the trait.

Distribution probability of individual mycorrhizae
of seedlings of different Scots pine populations was
evaluated by the method of indicator species (Mccune
et al. 1997). Their indication value was reliably estimat-
ed within 0-100% range. Dispersion of mycorrhiza opti-
mums was defined by linear canon ordination method
(RDA) of direct gradient analysis (Ter Braak 1987, Leps
et al. 1999). Statistical reliability of the correlation be-
tween preconditioning factors (different populations,
individual substrata) and parameters (growth of seed-
lings, indices of biological productivity, mycorrhizae)
in the first and second hypothetical axes was estimat-
ed after a Monte Carlo test (Ter Braak ef al. 1998) that
is independent of distribution laws. The dependance of
indices among mycorrhizae and between mycorrhizae
and growth as well as productivity indices were stud-
ied by direct regression analysis.

Statistical analysis was conducted using MEAN
(MS EXCEL), GLM (STATISTICA 5.5) and other pro-
grams (CANOCO 4.0; PC-ORD 3.2).

Results and discussion

Autochtonous populations of forest trees are best
adapted to the conditions of their habitats, forming a
corresponding complex of genetic traits. Changes in
environmental conditions growing nursery seedlings
may influence the genotypic structure of future plan-

tations, because some genotypes may be more sensi-
tive to a certain factor (nursery substrata) of growth
conditions and react (positively or negatively) in a
different way. Essential changes in growth conditions
may reveal the degree of population reaction to the
factor.

To preserve naturally formed genotypic structure
of populations, agrobiological measures applied in nurs-
eries should be close to the natural ones. Thus, it is
very important to ascertain favourable for the adapta-
tion of populations agrobiological and especially my-
cotrophic factors under new environmental conditions
at initial stages of their formation, i.e. in nurseries.

Having studied the results of mycorrhiza spread-
ing in separate substrata, a positive influence of the
transfer of pine and oak litters as well as decomposed
peat into the nursery was ascertained. A sufficient
amount of organic matter and soil pH, . 5.0+6.0 pro-
vide favourable conditions for the development of
mycorrhiza (Rudawska 1998). The most characteristic
morphotypes of mycorrhiza — ectendomycorrhiza and
ectomycorrhiza of type I - spread in the studied nurs-
ery substrata and different populations unevenly. Dead
mycorrhiza, used to define the total amount of mycor-
rhizae, failed to comprise a separate type.

The applied method of indicator species enables
to ascertain relative abundance of mycorrhizae and their
occurrence frequency in different nursery substrata
and various populations. Having generalized these
indices, the probability of mycorrhiza ocurrence in the
control (dead mycorrhiza) and oak stand litter (types
I and IV of ectomycorrhiza) according to 0-100% scale
is significant within the limits of allowable reliability
(Table 1).

Table 1. Assessment of indicator values of mycorrhiza mor-
photypes in different populations and nursery substrata

Morphotypes of Indicator values, %
mycorrhiza Population Relia Nursery substratum Relia
Teliai |Labano| Veisie| bility | Control | Oak | Pine | Decom | bility
ras jai P stand | stand | posed P
litter | litter eat

Ectendomycorrhiza| 28 41 31 (0,011 21 26 24 29 0,201

Type I of 16 48 20 |0,025 22 41 10 14 10,033
ectomycorrhiza

Type II of 3 1 8 0,825 1 1 10 1 0,561
ectomycorrhiza

Type III of 21 18 14 {0,908 3 20 17 16 10,746
ectomycorrhiza

Type IV of 0 15 12 10,508 0 63 0 0 0,001
ectomycorrhiza

Dead mycorrhiza 36 36 28 10,663 40 16 26 18 10,001

On the level of populations occurrence the prob-
ability of mycorrhiza morphotypes (ectendomycorrhiza,
type I of ectomycorrhiza) only of the seedlings of
Labanoras population was significant.

By the general percent of mycorrhiza falling per
seedling, the control variant has by 9.5% higher in-
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dex than oak litter, by 18% - than pine and by 19%
than decomposed peat, however, the composition of
mycorrhizae spread in separate nursery substrata is
different. As compared to the control, the greatest
ascertained difference in type I ectomycorrhiza per-
centage in oak stand litter comprises 59%. The per-
centage of dead mycorrhiza in the control is greater
than that of pine and oak litters and decomposed peat
respectively by 56%, 151%, 123% (Figure 1).

mycorrhizae (24%) is preconditioned by a high amount
of humus of the mentioned substratum (3.0%).

Due to a relatively high amount (21.8 mg/100g of
soil) of hydrolizable nitrogen in decomposed peat the
highest percentage (60%) of ectendomycorrhiza has
been ascertained. In the control variant (15.4 mg/100
g of soil) its percentage decreases down to 36%. The
most wide-spread mycorrhizae in different populations
are displayed in different ways: ectendomycorrhiza is
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Nursery substrata: 1 — control, 2 — oak stand litter, 3 — Scots pine stand litter, 4 — decomposed peat.

Figure 1. Variation of mycorrhizae morphotypes in nursery substrata. Bars show average of mycorrhizae morphotypes in
the various nursery substratum, vertical lines — standart deviation. Horizontal lines show average of mycorrhizae morpho-

types in different nursery substrata.

On population level the greatest total percentage
(74%) of mycorrhiza was ascertained in Labanoras
population, the variable of which is higher than those
of TelSiai (32%) and Veisiejai (35%) populations. On
population level the greatest difference of ectendomy-
corrhiza percentage between Labanoras and TelSiai
populations reaches 45%. The greatest difference in
type I ectomycorrhiza percentage between Labanoras
and Veisiejai populations comprises 127% (Figure 2).

Due to an intensive application of mineral ferti-
lizers for a long time, the most abundant dead mycor-
rhiza (54%) was ascertained in the control, in which
the lack of minimal humus amount (1.9%) is described
as a limiting factor for the development of mycorrhiza.
In the litter of oak stand the least percentage of dead

most abundant in Labanoras population, while dead
mycorrhiza — in Tel$iai population.

The results of our studies have shown, that ect-
endomycorrhiza prevailing in decomposed peat and
pine litter decrease the percentage of ectomycorrhiza
by 12% and 11% respectively. The prevalence of ect-
endomycorrhiza decreases the possibility of appear-
ance of other mycorrhiza types and may be the main
cause of seedling decline (Dominik 1963). Without a
suitable symbiont (fungus), the roots of seedlings are
actively attacked by disease agents of plants and
become more susceptible to unfavourable abiotic fac-
tors. The observed increase (28%) in ectomycorrhizae
(type I, type III, type IV) in the litter of oak stands
shows the diversity of mycorrhiza fungi, their toler-
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Population: 1 — TelSiai, 2 — Labanoras, 3 — Veisiejai.

Figure 2. Variation of mycorrhizae morphotypes at the level of populations. The bar shows average of mycorrhizae mor-
photypes in various populations, vertical lines — standart deviation. Horizontal lines show average of mycorrhizae mor-

photypes in different populations.

ance (coehistance) due to the metabolism of substanc-
es. We have found a greater distribution (19%) of
ectomycorrhizae in Labanoras than in Veisiejai (14%)
or Tel$iai (12%) populations. Similar study results were
presented by M.Rudawska, pointing out, that ectomy-
corrhiza may be comprised of about 5000 species of
fungi with 2000 species of woody plants (Rudawska
2000). By the manner of prevalence ectomycorrhizae
reduce the possibility of seedlings mortality after their
transfer from the nursery to agricultural land, which
is characterized by different microorganisms than for-
est soil (Dominik 1963). Successful establishment of
seedlings to a large extent depends on the qualitative
and quantitative composition of mycorrhizae, revealed
at the juvenile stages (Rudawska 2000). The longer
arrows denote significant optimums of mycorrhizae: in
the control (dead mycorrhiza), in the litter of oak stand
(I and IV types of ectomycorrhiza), in decomposed
peat (ectendomycorrhiza) (Fig. 3). In RDA diagram the
first and the second axes of hypothetical ecological
gradients together explain 49% of the variation of in-
fluenced parameters (mycorrhizae and growth, indices
of biological productivity), while variation of influenc-
ing parameters (populations and substrata) — 84%. The
obtained relationship (coefficient of canonic correla-
tion) between influenced parameters and influencing
factors in the first axis of ordinates comprise 0.85, in
the second — 0.56 (p<0.05, Monte Carlo test).

Represented by a short arrow in the diagram the
optimum of morphotype II of ectomycorrhiza is insig-
nificant due to its insufficient spreading in all substra-
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Figure 3. Ordination diagram of the influencing parameters
(populations, substrata) and influenced parameters (mycor-
rhizas, growth, indices of biological productivity) of redun-
dancy analysis (RDA).
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ta. In oak litter alongside with ectendomycorrhiza
obvious is the prevalence of ectomycorrhizae (type I
and IV) optimums. In the first hypothetical axis (axis
1) a reliable difference between the dead mycorrhiza
of the control and type IV ectomycorrhiza in oak stand
litter has been ascertained. On population level the
closeness of Labanoras population to optimal limits
of ectomycorrhiza spreading (type I, type 1V) is ad-
mitted. Meanwhile, ectendomycorrhiza is closer to
Veisiejai population.

An obvious increase in ectomycorrhizae in the
litter of oak stands predetermines the growth rate of
seedlings: as compared to the control, they are by 23%
higher and have thicker root collar, by 16% longer roots
and by 45% greater aboveground as well as by 51%
greater underground weight. The qualitative and quan-
titative composition of mycorrhizae in oak stand litter
provide optimal growth conditions for the seedlings
of Labanoras population. The least percentage of ec-
tomycorrhizae in the control variant (11%) precondi-
tions the least growth indices of seedlings. Assess-
ing the mentioned indices on population level, it has
been found, that Labanoras seedlings surpass all the
other seedlings. Rapid growth of the seedlings of this
population may be explained by hereditary genetic
properties (Pamanayckac 1978, Danusevicius 2000).

Studies of the reaction of population seedlings to
new soil conditions have shown, that the greatest
reaction by aboveground and underground portions
was exercised by Labanoras population.

Variables and correlations of mycorrhizae of the
latter show, that morphotypes studied in the roots to
one or another extent precondition the development
of the aboveground portion of seedlings. A close and
reliable dependence is revealed by linear regression
equations: Weight of needles =4.9716 + 0.52003 x Type
IV (r=0.73; p<0.001), Aboveground weight = 6.9826 +
0.53166 x Type IV (r=0.69; p<0.001).

Conclusions

1. The diversity of mycorrhiza morphotypes in
pine and oak stand litter as well as decomposed peat
is suitable for applying these substrata in nurseries
and unsuitable for agriculture areas, where natural soil
structure and properties have been damaged due to
intensive cultivation and lack of mycorrhiza fungi.

2. Mycorrhization of seedlings increases genotyp-
ic diversity at the initial stage (nursery) of population
development.

3. The influence of forest litter (pine, oak stand)
and decomposed fen peat substrata on the growth of
seedlings from different populations differs and it pre-
conditions the distribution ratio of various mycorrhiza

morphotypes. The most wide-spread are ectendomyc-
orrhiza and ectomycorrhiza. In the decomposed fen
peat ectendomycorrhiza (60%) prevails. The latter re-
duces the possibility for ectomycorrhiza formation. In
the litter of oak stand a higher than in other substrata
distribution of ectomycorrhiza has been ascertained.
It shows a greater diversity of symbionts, precondi-
tions a more rapid growth of seedlings: as compared
to the control, they are by 23% higher and have thicker
root collar, by 16% longer roots and by 45% greater
aboveground as well as by 51% greater underground
weight.

4. A different distribution of ectomycorrhizae was
ascertained in the roots of seedlings of different pop-
ulations (the most wide-spread in the population of
continental (Labanoras), the least — in the populations
(Telsiai) of maritime conditions). Ectomycorrhiza influ-
ences a more rapid growth of aboveground portion of
seedlings. This leads to better growth and biological
productivity of the progenies of the most continental
population. Growth rate of the seedlings of Labano-
ras population is explained by inherited genetic prop-
erties.

5. The diversity of mycorrhiza fungi presupposes
selection possibilities of seedlings according to its
types and ensures more rapid growth and greater re-
sistance of seedlings to various environmental factors.
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BJMSIHUE MMUTATEJLHOM CPEJBI B MUTOMHHUKAX HA MUKOPHU3Y CESIHIIEB
B PA3JIMYHBIX MOMY/ISIIUAX COCHBI OBBIKHOBEHHOWM (PINUS SYLVESTRIS
L.

A.Ayunna, H0.lanycaBuuioc, J.Penmac, A.T'o:xkensik, 3. Cepora,

Pesiome

[IpyMeHHB B MUTOMHHUKE OTJENIbHBIE CyOCTpaThl (MOJCTHIKM COCHOBOTO M JyOOBOTO JIPEBOCTOEB, Pa3I0KUBIIUICS
topd) u pazmnunsle nomymsunu (Tensisii, Jlabanopac, Beficesit), 6su10 nccnenoBano GopMupoBaHUE MUKOPH3BI HA KOPHSIX
CEsTHIICB COCHBI OOBIKHOBEHHOIT (Pinus sylvestris L.). YCTaHOBICHO pa3IHYHOE MTO3UTHBHOE BIMSIHUE IIPIMEHCHUS OTIEIBHBIX
cyOCTpaToB HAa POCT M Pa3BUTHE CESHIEB COCHBI OOBIKHOBEHHON M3yYEHHBIX MOIMYISIHU, ONpeNelIeHb 0COOCHHOCTH
PAacroCcTpaHeHHs Pa3HbIX MOP(OTUIIOB MHUKOPHU3BI, HX B3aMOCBS3b U BO3JICHCTBHIE HA TAPAMETPBI HAJ[3€MHOIl YaCTH COCHOBBIX
CESIHIIEB.

OOmuii NpOLEeHT MUKOPHU3bI OJJHOTO CesHIla B KOHTpos Ha 9% u 15% BbIle, 4eM B COOTBETCTBYIOIIMX HOJCTHIIKAX
JyOOBOTO M COCHOBOT'O JIPEBOCTOEB, a Takke Ha 16% BbIIIe, YeM B pa3lIoKUBIIMMCS Topde. B ncernenoBanubix cydcTparax
OBLIO yCTaHOBIEHO Halu4ue Halboiee pacnpocTpaHEHHON MHUKOPHU3B - SKTCHIOMUKOPU3El U HKTOMHUKOPH3HI.
JloMUHIPOBaHHOE TIONOXKEHNE SKTEHAOMHKOPU3bI (60%) B pasnokuBIIMMCS TOp(he CHI3UIO NOABIEHUE SKTOMUKOpH3bI (12%)
B TOM caMoM cyOcTtpate. B noactuike 1y60BOro ApeBoCTOs IBHOE YBEJIMUEHHE SKTOMUKOPH3HI (28%) 3a cuéT yMeHbIICHHS
IKTEHJIOMUKOPU3BI U MEPTBOH MHUKOPHU3BI, yKa3ajlo Ha Pa3HOPOIHOCTh I'PHOOB MUKOPHU3Bl M aKTUBHYIO JIESATEIBHOCTh
MHKPOOPTaHU3MOB. PacriocTpaHeHne SKTOMHUKOPHU3BI cpeu cestHueB Jlabanopckoi momymsuuu 6suto Bhime (19%), gem y
cestHneB Beticesiickoit (14%) u Tenpursiickoit (12%) momymsimuii.

Peakuus Ha pacmpocTpaHeHHEe MOP(OTHUIIOB MUKOPHU3BI MOKA3al0 OOJNBIIYI0 YYBCTBUTENIBHOCTH TempuIsiickoid
TOIYJISIIUH, YTO MOBJIHSIIO Ha cladblii pocT e€ cesHieB. CestHibl JJTabaHOPCKON MOMYJISIIMU CBOMMH TTapaMeTpaMy HaI3eMHON
4yacTH 0oJiee YyBCTBUTEJIBHO PearipoBaId Ha M3MEHEHHE YCIOBHI MOYBEI H3-3a BHECEHHsI CYOCTpAaTOB, XOTS IOKa3aTeIsIMU
pocTa MPEBOCXOAMIN OCTAJIbHBIC MONMYISINHUU. Pa3HOPOJHOCTh IPpUOOB MHKOPH3HI, 00yclIOBICHHAS 3 (HEKTHBHOCTHIO
HCTIONB3yEMBIX CPE/ICTB, OIPEIeNIIa BO3MOKHOCTH BBIOOpa MOP(OTHIIOB MUKOPU3BI ISl CESTHIIEB PA3IMYHBIX ITOMYIAINN U
obecreunna uxX akTHBHBIM POCT, a TakKe yCTOHUMBOCTH MEpes pa3HBIMH HEOIAroNpHATHBIMU YCIOBUSIMU OKpYXKaloIiei
Cpeibl.

KnrwueBsle cJioBa: CESHIIBI COCHBI O6BIKHOB€HHOI>1, TOomyJisuu, Cy6CTpaTBI, MOp(i)OTI/IHI:I MUKOPU3LI, [I0KA3aTCIk poCTa
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