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1. Wstep

Szata roslinna, a takze pokrywa glebowa sta-
nowia efekt wzajemnych zwiazkéw migdzy kom-
ponentami $rodowiska przyrodniczego, takimi jak
skala macierzysta, uksztaltowanie terenu, klimat
oraz stosunki wodne. Te zalezno$ci majg charak-
ter sprzezenia zwrotnego. Dlatego badania nad
roslinno$cia bez uwzglednienia gleby oraz innych
cech siedliska nie pozwalaja dobrze poznaé prze-
mian zachodzacych w fitocenozie. Procesom suk-
cesji ro$linnosci na piaskach poswigcono wiele
prac. Natomiast niewiele jest opracowan, w kto-
rych uwzgledniono $cisly zwiazek migdzy stadia-
mi rozwoju roslinnosci i gleb.

Ekologiczne i gleboznawcze aspekty sprzgze-
nia zwrotnego miedzy ro$linnoscia i glebg od
wiekow wzbudzaly zainteresowanie, konieczne
stalo sie wiec zrozumienie i wyjasnienie tych zto-
zonych zjawisk. Studia nad wplywem organi-
zméw na glebe sa wazng dziedzing badan glebo-
znawczych od czaséw V.V. DokucHAEVA (1881).
Wyr6znil on zywe organizmy jako jeden z pigciu
czynnikéw glebotworezych. O ile gleba wykazuje
wyrazng zalezno$¢ od czterech wzglednie statych
czynnikéw (klimatu, skaly macierzystej, topogra-
fii i czasu), o tyle piaty czynnik — organizmy
zywe — byl postrzegany jako bardziej dynamicz-
ny i tym samym trudny do zbadania. H. JENNY
(1980) opisal to w nastgpujacy sposéb: ,jak kaz-
dy inny widze, ze ro§linno$¢ wplywa na glebe
i gleba wplywa na roslinnos¢, prawdziwe blgdne
kolo, ktorego probowalem unikna¢”. Usilujac prze-
rwaé to bledne koto, Jenny przyjal doptyw nowych
osobnikéw i propagul jako czynnik biotyczny.

W ekosystemie sg takie gatunki, ktére bezpo-
srednio lub posrednio wplywaja na dostgpnosé

skladnikéw pokarmowych dla innych gatunkéw
przez zmiang stanu elementéw biotycznych
i abiotycznych siedlisk. Przez C.G. JONESA,
J.H. LawTtona, M. ScHACHAKA (1994, 1997) zosta-
Iy nazwane ,,inzynierami ekosystemowymi” (eco-
system engineers). Wyr6znili oni takze pojecie
Hinzynieréw autogenicznych” (autogenic engine-
ers — np. krzewy, drzewa), tj. organizméw zmie-
niajacych $rodowisko przez wlasne struktury fi-
zyczne (np. zywe i martwe tkanki), oraz pojecie
Hinzynieréw allogenicznych” (allogenic engine-
ers) — organizmow, ktore przeksztalcajg zywy
lub martwy material z jednego stanu fizycznego
w inny. Autorzy ci.sugerowali, ze efekty dzialal-
nosci ,,inzynier6w ekosystemowych” czgsto wy-
woluja reakcje zwrotng na kondycje ich samych
oraz ekosystemu, w ktérym funkcjonuja. W tym
przypadku moga byé uwazane za organizmy
o rozszerzonych fenotypach (extended phenoty-
pes) — uprzywilejowanych w procesie selekcji
naturalnej (Dawkins, 1982). Chemiczne i fizycz-
ne wlasciwosci gleb pozostaja pod wplywem or-
ganizméw glebowych, wigkszych zwierzat i ro-
§lin (vaN BREEMEN, 1993), w tym przypadku za-
tem gleba jest produktem dziatalnosci ,inzynie-
row. ekosystemowych”. Wiele wlasciwosci gleb,
na ktére wplyw majg roéliny (np. odczyn i do-
stepno$¢ skladnikow pokarmowych), jest rowniez
waznych dla wzrostu i przetrwania samej rosli-
ny. Na obszarze Pustyni Bledowskiej za inzynie-
row ekosystemowych mozna uzna¢ sinice, glony,
wierzby piaskowe i wierzby ostrolistne, ktore
w duzym stopniu oddzialuja na akceleracjg suk-
cesji oraz tworzenie si¢ gleby i zmiany jej wia-
$ciwoscei w poczatkowym etapie rozwoju. Z tego
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powodu gleba moze by¢ tez uwazana za element
,fozszerzonego fenotypu” rosliny, a zaleznos¢
w postaci sprzezenia zwrotnego miedzy poszcze-
g6élnymi gatunkami roslin iich $rodowiskiem
glebowym moze wywolywa¢ nastepstwa ewolu-
cyjne (vaN BREEMEN, Finzi, 1998).

Dogodng podstawa do dyskusji na temat wply-
wu roslin na wlasciwos$ci gleby sa trzy modele
sukcesji (ulatwiania, tolerancji, zahamowar) pro-
ponowane przez J.H. CoNNELLA i R.O. SLATYERA
(1977). We wszystkich trzech przypadkach za-
rowno gatunki wystepujace we wezesnych, jak
i pozniejszych stadiach sukcesji zasiedlaja nisze
w tym samym czasie. W modelu ulatwiania (fa-
cilitation) wzrost gatunkow poznych etapow suk-
cesji zalezy od obecnosci gatunkow wezesniej-
szych faz, ktére zmieniajg dostgpnos¢ substancji
odzywczych w sposob, ktory wspomaga przezy-
walno$é gatunkéw pdzniejszych stadiow sukce-
sji. W modelu tolerancji (tolerance) wszystkie ga-
tunki osiagaja dojrzalo$¢ w obecnosci gatunkow
wezesnosukcesyjnych. Gatunki péznosukcesyjne
ostatecznie wypierajg wezesnosukcesyjne, ponie-
waz te nie moga tolerowa¢ spadku dostgpnosci
skiadnikéw odzywezych w trakcie sukcesji.
W modelu zahamowan (inhibition) wszystkie ga-

tunki opieraja si¢ inwazji konkurentéw. Pierwszy
zajmujacy siedlisko gatunek wyklucza badz ha-
muje kolonizacje po6zniejszych gatunkow do
czasu swej naturalnej smierci albo zniszczenia
mechanicznego. Dopiero wowczas uwalnia po-
trzebne skladniki odzywcze, pozwalajac kolej-
nym kolonistom na wkroczenie i osiagniecie
dojrzalosci. We wszystkich trzech modelach
kolonizacja gatunkéw uwarunkowana jest m.in.
rodzajem siedliska oraz dostepnoscia sktadnikow
pokarmowych.

Przedstawione zagadnienia sklonily autora do
podjecia badan nad relacjq migdzy regenerujaca
sie pokrywa roslinng i glebowa na piaszczystym
obszarze Pustyni Bledowskiej. Obiekt ten okazal
sie modelowy, poniewaz dobrze znana jest tu hi-
storia rozwoju ro$linnosci i pokrywy glebowe;j.

Formulujac cele pracy, autor zadal sobie pyta-
nie, czy wplyw roslin na chemiczne i fizyczne
wiasciwosci gleb ma odzwierciedlenie w tempie
procesow sukcesyjnych. Odpowiedz na to pyta-
nie wymagala skoncentrowania si¢ na badaniach
zbiorowisk ro$linnych oraz pojedynczych edyfi-
katorow. Wybrane gatunki (edyfikatory) maja
wyjatkowo duzy wplyw na wilasciwosci gleby
i organizacje ekosystemu na tym obszarze.

Podziekowanie

Podczas wykonywania niniejszej pracy korzy-
stalem z pomocy wielu 0sob, ktérym ta droga
pragne wyrazi¢ serdeczne podzigkowanie. Przede
wszystkim wyrazam gleboka wdzigcznos¢ Profe-
sorowi Andrzejowi Czylokowi oraz pracownikom
Zakladu Biogeografii i Ochrony Przyrody za
cenne rady i wskazowki.

Szczegolnie serdecznie dzigkuje recenzentom
wydawniczym: Profesor Krystynie Falinskiej
z Instytutu Botaniki Polskiej Akademii Nauk
w Krakowie za niezwykle cenne wskazowki do-
tyczace dynamiki roslinnosci oraz Profesor Ur-
szuli Pokojskiej z Uniwersytetu Mikoltaja Koper-
nika w Toruniu za wnikliwe uwagi i sugestie,
dzieki ktorym praca nabrala klarownosci i precy-
zji. Obie recenzje przyczynily si¢ do poprawy
ostatecznego ksztaltu pracy.

Bardzo dziekuje wszystkim uczestnikom
seminariow geobotanicznych odbywajacych sig
w Bialowiezy pod kierunkiem §p. Profesora Ja-
nusza Bogdana Falinskiego za liczne dyskusje
i konsultacje. Dziekuje rowniez o$rodkom nauko-
wym w Polsce (Zaklad Gleboznawstwa UMK;
Zaklad Gleboznawstwa i Geografii Gleb UJ;
Instytut Botaniki PAN), w Rosji (Instytut Geogra-
fii, Laboratorium Geografii i Ewolucji Gleb
RAN), w Slowacji (Instytut Ekologii Krajobra-
zu), w Tadzykistanie (Instytut Gleboznawstwa,
Narodowy Uniwersytet Tadzycki) oraz na We-
grzech (Uniwersytet Debreczynski) — za prze-
dyskutowanie niektérych problemow oraz za udo-
stgpnienie ksiggozbiorow.

Bardzo serdecznie dzigkuj¢ Profesorowi Ta-
deuszowi Szczypkowi za pomoc w redagowaniu

— 6 —

pracy, za rady, jakich zawsze chetnie mi udzie-
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oraz Profesorowi Zbigniewowi Snieszce za
dyskusje i sugestie podczas wyjazdow tereno-
wych.

Pragne takze wyrazi¢ wdzigezno$¢ pracowni-
kom Laboratorium Naukowo-Dydaktycznego
Katedr Geograficznych Uniwersytetu Slaskiego
za pomoc w wykonywaniu analiz chemicznych.

Chcialbym réwniez zlozy¢ podzigkowanie Kole-
dze mgr. Miroslawowi Kreciale za staranne i es-
tetyczne wykonanie szaty graficznej.

Dziekuje takze mojej Zonie mgr Malgorzacie
Rahmonov za pomoc podczas opracowywania
materialdéw i redakcji pracy. Na koniec najcieplej-
sze podzigkowania winien jestem Mojej Rodzi-
nie z Artucza (Tadzykistan), ktora zawsze we
mnie wierzyla.



OMAHMAD RAHMONOV

Relations between vegetation and soil in initial phase of succession in sandy areas

Summary

Problems presented in this study refer to relations
between vegetation and soil in primary phase of succession
in sandy areas. The Bledéw Desert, considering its specific
character (lack of forest economy in the majority of area),
makes the model area to observe vegetation succession and
its influence on the process of soil formation. This study
was realized on the base of analysis of historical sources
and the interpretation of aerial photos (1955, 1973, 1996)
as well as topographic maps originating from different
periods (1801-—1933). Apart from the above-mentioned
analyses field researches on the vegetation dynamics and
the initiation and development of soil processes under the
influence of series of coniferous forest at its every phase
and stage were carried out. Additionally, to know the re-
lations occurring between vegetation and soil under the
influence of individual species the researches on spatial
changeability of soils and introduction of different species
under the bushes and trees canopies were performed. Di-
rect observations and field investigations included period
of 1994—2004.

Aims of this study were as follows: to know mecha-
nisms and succession rate in historical and contemporary
expression; o evaluate lower organisms in succession
initiation; to determine the influence of natural and anthro-
pogenic factors on the succession development; to explain
the influence of individual bush (Salix arenaria and
S. acufifolia) and tree species (Pinus sylvestris, Betula
pendula, Quercus robur) on the rate and the course of
succession of series of coniferous forest in sandy areas; (o
know relations between creating vegetation and soil cover
during the primary and secondary succession; to recognize
the influence of edyphicators on succession initiation and
changes in properties of creating them soils (in the system
plant — soil ~— vegetation); to know spatial physicochemi-
cal changes in soil properties under the influences of cano-
pies of different plant species; to determine the influence
of fossil soil on the rate of secondary succession, At real-
ization of particular aims the proper methods were applied.
Apart from standard methods — {o determine the variety
in the composition of organic matter of soils in the devel-
oping soil cover under the influence of vegetation of co-
niferous forest series at poor sandy area — method
Py-GC/MS was applied. In Poland it was not hitherto

applied in researches on vegetation succession and the soil
development.

On the base of analysis of maps from the years: 1804,
1911, 1914 and 1933 (Fig. 1—8) and aerial photos (1955,
1973 and 1996) the changes in size of area of Blgdow
Desert as the outline of permanent and drift sands as well
as the gradual overgrowing of this area were estimated —
at the beginning through dispersed clumps of bush and
trees, and next their thickening, in some places in the form
of forest. During 40 years (1955—1996) in the area
analysed rather essential changes in vegetation-soil cover
took place. All these changes have the connection with the
dynamics of vegetation distribution, On the base of aerial
photos analysis it is possible to state that as early as in 1955
(Fig. 9, 10) almost the whole area analysed was devoid of
vegetation. Significant changes are observed in the photo
from 1973 year (Fig. 11, 12). After a lapse of 40 years, in
1996 year (Fig. 13, 14), owing to human interference as
well as natural succession and expansion of bushes of
willows and grassy vegetation, areas occupied by vegeta-
tion decidedly increased in area. Alternate plantings of
coniferous and broad-leaved species, creating the charac-
teristic cheese-board, are well visible in aerial photos from
1996 year. This artificial afforestation caused the further
decrease in area of drift sands and setback of natural course
of succession processes. Apart from terrains, where affor-
estation was carried out, the vegetation introduction has
spontaneous character. Clear increase in succession process,
consisting in the thickening of arborescent vegetation, has
been observed since the end of 1970s.

Investigations proved that vegetation succession in the
area of Bledéw Desert occurs in primary and secondary
ways, where 9 phases (0—8) were divided, which were
connected into 3 stages (primary, optimum and terminal —
Fig. 17), including in total documented period of about 200
fat. Primary succession happens in the area of loose and
bare sand, whereas secondary succession — at areas with
the remains of fossil soils. Phases of succession kept in the
longest time are connected with algae and grey hair and
fodder grasses. The fastest are transitional (optimal) phases,
connected with willow communities, The essential ecologi-
cal importance and edaphic phases 0 with cooperation of
representatives of algae (4/gae) and cyanoses (Cyanophyta)
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were stated, what is presented as a mechanism of facilita-
tion of introduction for species of high ecological require-
ments through fixing of loose sands (Phot. 1a, b; 5b; 12a,
b; 21), moisture absorption and retention and improvement
in edaphic conditions. This phase was not hitherto de-
scribed in respect of species and habitat composition. It was
simply unnoticeable by the majority of research workers.

Broad-leaved species such as: Salix acutifolia, Quercus
robur or Betula pendula (Fig. 22, 23) positively influence
the succession rate, causing the species diversifying through
canopy effect. Pinus sylvestris (Fig. 21) is not of significant
influence on the succession rate because of weak decompo-
sition of organic matter and formation of not very conduc-
tive conditions under the canopy for plant introduction.

The final plant community in the succession order in
Bledéw Desert are fresh or cup-moss coniferous forests.
They create during not quite 50 years on fossil soils (sec-
ondary succession) and 60 years (primary succession) in the
form of initial pine coniferous forest. The author deter-
mined period of formation of forest community on the base
of aerial photos from the years 1955, 1973, 1996 (Fig. 9,
11, 13, 16, 17) as well as field investigations. In the case
of artificial afforestation by means of forced succession
pine monocultures, which are devoid of undergrowth and
very weakly shaped humus horizons have originated.

Investigations on initiation and development of soil
processes under the vegetation succession of coniferous
forest series, carried out in the area of Blgdéw Desert in
areas of different degree of soil cover and vegetation de-
velopment, allowed determining the course of soil forma-
tion since the moment of initiating up to the partial
stabilising (Fig. 25). The area of Bledow Desert before the
mobilisation of acolian processes was covered by podzolic
soils and podzols, which were blown under the influence
of acolian processes caused by human activity. These soils
developed under the influence of vegetation of pine conif-
erous forests, which is betokened by remaining of spodic
horizon with characteristic humus-ferruginous sub-horizon
Bhfe (Phot. 15, 16).

Process of soil cover formation occurs parallel to
vegetation succession, with difference, that its rate is
slower. From this reason the observation of soil processes
is more difficult. Applied plant-soil chronosequence at
diversified in age real plant communities facilitated the
determination of relations between creating plant and soil
covers during primary and secondary succession of conif-
erous forest series.

Soils shaping in the area of Blgdow Desert and in
directly adjacent terrains show diversified profile structure
and colour of particular genetic horizons (Tab. 10, 11, 12—
22, 26—29) in dependence on development degree and
density of plant communities. Systematic formation of
following horizons or sub-horizons was also observed as
soil plant succession of coniferous forest series advances.
The thickness of solum in regosols and arenosols amounts
on the average to from 10 to 25 cm, and in the case of
podzolic soils in primary stage of development — about

50 em. In carlier phases of succession the predominating
soil-forming process is accumulation and humification of
organic matter and in consequence the formation of or-
ganic-humus horizon (OA, O/A) and humus horizon (A).
On the base of morphological features and accumulation
of organic matter in the area investigated three development
stages of soils were divided: initial (regosols), transitional
(arenosols and half-mature — podzolic soils in initial stage
of development) and mature (proper podzolic soils).

Comparable grain size composition (Tab, 10, 11) as
well as the similarity in element total composition of sandy
material in horizon C (Tab. 12) indicates the similarity of
parent rock of creating themselves soils. The depth of this
horizon, lying in profiles investigated fluctuates from 2 to
about 15 cm, what also indicates the initiation of soil
processes at similar material and in comparable time. The
direction of soil-forming process in the area investigated
is podzolization and already during 35 years the traces of
this process are observed under the individuals of Scotch
pine in the form of whitened quartz grains.

Clear difference is observed in the influence of particu-
lar communities with predominating species on the rate of
soil-forming processes. These changes are visible in mor-
phology as well as in chemical properties of soils as fol-
lows: content of organic carbon (Corg), total nitrogen (Nt),
pH-reaction (pH), relation of carbon to nitrogen (C/N) and
the content of pedogenic iron and aluminium oxides (Tab.
23—25, 30—34). The diversity in the content of pedogenic
forms of iron (Fe) and aluminium (Al) is conditioned by
stages and phases of vegetation succession and it can serve
not only as the index of degree of soil development, but
also it can be applied at the evaluation of plant succession
promotion.

Clearly different is the influence of edyphicators on
plant-soil succession, resulting from their biology and
ccology. Within sandy field they create isolated surfaces in
the form of soil and food islands. Surfaces of soil-plant
islands of small area originate in result of phytogenic field
activity, what is conditioned by canopy effect. Shape and
size of canopies of particular species has different influ-
ence on the variety and rate of plant succession and the soil
development. One from observed soil processes under
species investigated is quick increase in the thickness of
humus horizon, especially under Salix acutifolia, S.

arenaria and Quercus robur. Every soil property, to-
gether with soil organic matter, quickly changes as the area
of shadow creates and increases and organic matter accu-
mulates. The clear differences at formation of organic and
humus horizons under investigated canopies of bush and
tree species: Salix acutifolia, Betula pendula, Quercus
robur and Pinus sylvestris (Fig. 34—42) were stated. The
thickest humus horizon was observed under Quercus robur.

Thick organic and humus horizons under canopies of
species investigated were stated at bases of trunks, and as
the distance from them increases the opposite situation is
observed. Process of organic matter accumulation and
initiation of soil processes begins from the moment of
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canopy formation under bush or tree. Therefore it is pos-
sible to conclude of periods of formation and age of soil
through determination of species age, under which pedo-
genesis occurs. This way of determination can be used in
areas, where primary succession with well-known history
of vegetation takes place.

Organic horizons and subhorizons under canopies
create the advantageous conditions for the development and
existence of soil organisms, which then also influence the
soil features, Considering young age of soil and weak
differentiation of soil horizons, the organic matter lying
directly over the mineral layer plays the essential ecosys-
tem role in primary stages of plant-soil succession, where
amount and quality of organic matter conditions the absorb-
ing capacity and the number of cations. Significant contri-
bution of alkaline cations in chemical composition of
broad-leaved species causes the decrease in soil acidity.

Results of investigations carried out by means of
Py-GC/MS indicate the clear differentiation in the com-
position of organic matter of soils in different phases of
succession under predominating communities with cryp-
togamous (Fig, 43—45) and vascular plants (Fig. 46—350).
The analysis of organic composition of tissues of plants
covering the given area facilitates the determination of
origin of the given group of organic compounds in the
soil. The comparison of occurrence and diversity in com-
position of organic matter in plant tissues and humus
horizon of soils developing under the influence of pre-
dominating communities of coniferous forest series in its
primary stages and phases was made. Their large variety
considering organic compounds under communities Algae-

-Cyanophyta, biological soil crusts and Polytrichum
piliferum was stated.

Process of soil regeneration in the area of Bledow
desert happens doubly. The first way occurs in areas, where
soil cover was completely disturbed and blown. This way
of soil formation happens under conditions of primary
vegetation succession. Such surfaces should be appreciated
as zero (start) phase of succession, which is mainly initi-
ated by Algae and Cyanophyta, at which cooperation ini-
tial soils create (Phot. 22a, b, 23; Fig. 29, 30, 32). The
second way of regeneration of soil cover in areas without
humus horizon or whole-profile fossil soils occurs as sec-
ondary soil and plant succession in the form of cyclic
changes (Phot, 15, 16). It is connected with deposition and
re-deposition of sand as well as introduction of vegetation,
which result is alternating occurrence of dark and bright
sand. This cycle can repeat some times and this way the
following sequences of soil create (Tab. 26, 27). This is the
classic example of relation between vegetation and soil-
forming process.

Tnvestigations in sandy dunes present that the concep-
tion of ecosystem means more than biological association
and its environment. The conception of physical-biologi-
cal system dynamics is strictly connected with interaction
of vegetation with physical forces, which — owing to
aeolian processes — have built dunes, phytogenic hillocks
and connected with them soils. Tt is presented especially
through chemical transformation and element circulation
during succession and soil development from loose sands
up to stabilised surfaced and in consequence — well de-
veloped soil horizons.
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OfiMAXMAJL PAXMOHOB

B3aumooTHoWeHKe Mexay pacTuTenbHOCTLIO W noyYyeon B NHULMANBHOIA (*)836 CYKLeCCHN B necHaHHbIX paﬁouax

Peswowme

Mpencraenennste B pabore mpoGIEeMBl KacaroTCs
B3aUMOTHOIHEHHSI MEXIY PACTHTEIbHOCTHIO H MOYBOH B
uuMIHanbHoil (dase cykileccHH B MECYaHHEIX paifomax
nycThiHH  blengoBckoi, mnpHHHMAas BO  BHHMaHHE
0COOEHHOCTH ITYCTHIHH (OTCYTCTBUE JIECHOTO MOKPOBA HA
Gompmieli uacTH TeppUTOPHIT), ABAAETCS OHA MOZENBHEIM
o0bexToM IUI HAOMIOAEHHH CYKIIECCHH PACTHTENLHOCTH I
€e BIMAHMS Ha Ipolecc nousobpazoBanus. Paborta Goina
peann3oBaHa Ha OCHOBE aHajH3a HCTOPHYECKHX
HCTOYHHKOB, a TakKe HHTeHnpeTamu a’pohOTOCHHMKOB
1955, 1973, 1996 TopoB 1 TONOrpaduUECKUX KapT pasHbIX
nepuomo  (1801-—1933). Kpome BEIIEYTIOMSIHYTHIX
aHAJHM30B TNPOBOOMMCH IIONEBble HAONIOEHUs HaJ
OMHAMHKOH pacTHTENBHOCTH, a TAKXKe HaJ| MHUIHALUeH 1
Pa3sBUTHEM IOYBEHHEIX TPOILECCOB B PE3YIbTATE BIIHSIHILL
cykneccHH GOpoOBOH cepui BO Bcex UX (a3ax W CTafMsX.
HomoHuTENbHO, 4TOOB H3YHHTh COOTHOMICHUS MEXKLY
pAacTUTENLHOCTBIO H IOYBOH B pe3ynbrare BIHSHUS
OT/CNBHBIX BHJIOB PACTEHHH, IPOBOAHINCH UCCIIEOBAHES
IPOCTPaHCTBEHHOTO H3MEHEHHMS TIOUB H PACIIPOCTPAHEHHEM
pa3sHBEIX BHJOB TOJ KOPOHOH KyCTOB H [€pEBEEB.
HenocpencrBeHHble HAaONIOAGHHS U HOJeBBE pPabOTH
oxBaThlBaan nepuon 1994—2004,

Henamn paboTel ABNASIOTCS: YCTAHOBICHHE MeXa-
HH3MOB M TEMIIa CYKLECCHM B HCTOPHYECKOM W COBpe-
MEHHOM paKkypce; ONPEHCICHHE BIUSHHS HATYPaNbHEIX H
AHTPONOTEHHYHHEIX (AKTOPOB HAa TNPOLECC CYKIECCHH;
BBISICHEHHE BIMSHUS OTHENBHBIX BHAOB KycToB (Salix are-
naria i S. acutifolia) n nepesnes (Pinus sylvestris, Betula
pendula, Quercus robur) Ha TeMI H NEPHOH CYKUECCHH
6opoBoil cepHH B NecYaHHBIX pailoHaX; yCTaHOBJIEHHE
B3aHMOOTHOIIEHHS MEXIY 0OpasyIoHHMCS pacTUTENb-
HBIM TOKPOBOM H ITOYBOI B pe3yJbTaTe NEPBHYHOIN U
BTOPUYHOH CYKIECCHH; YCTAHOBJICHWE BIISAHHA O3fIH-
(GHUKAaTOPOB Ha HMHHIHALHIO CYKLECCHH M H3MEHEHHE
cBOJiCTB (POPMUPYIONIHXCSH MOYB (B CHCTEME pacTeHHE —
[OYBA — DPAacTEHHE); BBIABICHHE NPOCTPAHCTBEHHBIX
u3MeHEeHWH  (QM3MKO-XHMHYECKHX CBOMCTB INOYBEl B
pesynbTaTe AEHCTBHSA KOPOH pa3HBIX BHAOB PACTEHMIA,
ompejeNeHne BIUAHHUA INOTPEGEHHBIX [OYB HA TEMI
BTOpHYHOI cykneccHu. [Ipn peannsanuu oTAENBHEIX Heneil
HCIIONE30BaHO COOTBETCTBYIOMMe MeTojst. Kpome crau-
NapTHEIX METOJOB C II€JbI0 ONPEJeNIeHHs pa3HooOpasus

COCTaBa OPTAaHHYECKOH MAaTepHH IOYB B Pa3BHBAIOLIHMCS
MOYBEHHOM TTOKPORE MO BIHSHUEM PAacTHTEILHOCTH GOpOBOi
CepHH B yOOTHX MECHAaHHBIX paifoHaX HCIOb30BaHO METO
Py-GC/MS. DTOT MEZOT 0 CHX mOp He GBI HCHONB30BaH
B HCCIEAOBAHHAX CYKI[ECCHH PACTHTENLHOCTH H PAa3BHTHSI
TOYB.

Ha ocrnose anamm3oB xapt 1804, 1911, 1914 u 1933
ronos (prc. 1—38), a Tawxe aspodorocuumron (1955, 1973,
1996) npou3peneHa OLEHKa N3MEHEHHS UIOMA U Ty CTHIHN
brengoBcKkoi MO KOHTYPY TOCTOSHHBIX M IBIDKYIIHXCS
IIECKOB U ITOCTENEHHOIO 3apacTaHus TEPPHTOPUH pa3bpo-
CaHHBIMH KyYKaMH KyCTOB W J€peBBEB, YIUIOTHEHHE HX B
cneayioomel CTagMH, MecTamMH LO COCTOAHHS Jeca., B
teuenun 40 net (1955—1996) Ha ananH3MPOBaHHOI TeppH-
TOpHU WPOH3OHIIH CYH[ECTBEHHEIE H3MEHEHHSI pacTu-
TEABHO-NOYBEHHOTO MOKpoBa. Cesi3aHo 910 GbLIO ¢ AHHA-
MHKOH pacIipocTpaHeHus pactHTexbHocTH. Ha ocHoBaHHR
aHa3a a’poOTOCHHMKOB MOKHO YTBEPNAATb, YTO €Iie B
1955 romy (puc. 9, 10) npakTHYecKH BCS aHATH3HPOBAHHAS
TeppuTOpHs OBIIA JIMIIEeHa PaCTHTENBHOCTH, 3HAYHTENEHBIE
M3MeHEHHs HabmropatoTes Ha cHumke 1973 roga (puc. 11,
12). Mo npoucmecrsuu 40 net, 8 1996 roay (puc. 13, 14)
B pE3yJLTaTe aHTPONOTEHHOI'0 BO3AeiCTBHs YeI0BEKa H
BCIEACTBHE HATYPaTbHOH CYKIIECCHH, @ TAKXKE IKCIAHCHH
KYCTOB MBBI H TPaBAHHOIO MOKPOBA, TIOBEPXHOCTD, 3aHATAS
PaCTHTENBHOCTHIO 3HAYHTEIBHO yBeAHYIach. [lepeMenHble
HOCaAKH XBOHHBIX H IHCBEHHBIX BHJOB, 06pa3yromux
XapakTEPHYI0O IIAXMAaTHYIO JOCKY, XOPOHIO BHIHBI Ha
cHuMKax 1996 roma. DTH HMCKYCCTBEHHEIE HACAXIEHHUS
NpHBENH K [AalbHeHOIEMy YMEHBIICHHIO TEPPHTOPHH
JBIOKYIIHXCSl TECKOB H COIYTCTBOBAIH TOPMOKEHHIO
HATypaJbHOTO X0[4a CYKHEeCCHHHBIX npoueccoB. Kpome Tex
TEPPHTOPHH, A€ NPOBOJUIOCH 3aJECEHHE, BTOPIKEHHE
PAcTHTENBHOCTH HOCHT CHOHTaHHYecKkui xapaxtep, OTue-
TIUBOE YCKOPEHHE CYKLECCHUIIHBIX NPOLECCOB, BHIpaxa-
onieecs B YINIOTHEHHN APEBOBHIHON PACTUTENIBHOCTH,
Habmonaercs ¢ xouua 70 ronos XX Beka.

HcenemoBanus moxasaiy, YTO CYKUECCHS PaCTHTENb-
HOCTH Ha TepPHTOPHHU MyCTHIHH Brengosckoll mponcxogut
ITyTeM MEPBUYHOH M BTOPHIHOH CYKIECCHH, T/Ie BhIICICHO
9 ¢as (0—8), xoToprie oObEemHHEHBI B TPH CTaAMU
(MHHIMANEHAS, OTHMMANbHAL, TePMUHAILHAS — pHC, 17),
OXBaThIBAIOIIAN HOKYMEHTHPOBaHHBLIH mepuon oxoso 200
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ner. TlepBuYHas CYKIECCHs UMEET MECTO Ha MOBEPXHOCTH
PBIXJIOTO H TOJNOTO HECKa, B TO BPEMa KAK BTOPHYHAs- HA
TIOBEPXHOCTAX ¢ OCTATKAMH TOTpebeHHBIX 1o4YB. Bosee
IHTENBHOE BpeMs HPOJOIDKATCS (askl, CBAZAHHEBIE C
BOJOPOCIIMH H TPaBsHHEIMH coobimecTamu ¢ Corynepho-
rus canescns n Koeleria glauca. bonee GricTpo mpoxomgar
nepexorble (ONTUMANBHEIC) (a3bl, CBA3AHHBIE ¢ coobilec-
TBAMH UB. YCTAHOBJEHO CYMIECTBEHHOE SKOIOTHYECKOE H
spaduueckoe 3HaueHHe (a3l 0 c ydacTHeM mpejcTa-
BHTENElt Bopopocieii (A/gae) u cnre-seneHrsix (Cyanophy-
ta), 9TO TPEACTABIIETCS KAK MEXaHU3M TIOATOTOBKH
pacmpoCTpaHeHHs BHIOB C BRICOKHMH 3KOJNOTHYECKIMH
TpeGOBaHIIME B Pe3yibTaTe 3dKPEINIEHN PRIXJIBIX TECKOB
(doro la, b; 5b; 12a, b; 21), nomiomeHns H 3aAePKKH
BIIATH, @ TakKe yIydIIeHis ycrnoBuii MecTobuTanus. OTa
(asa me OBbIa 10 CHX MOp ONNCAHA ¢ yYETOM BHOBOIO
cocTaBa H OHOTOITHOH XapakTeprCcTHKY, 0CTaBanach IpoCTo
6e3 BHUMAaHUs GOIBIIOrO 4Hcia HeciegoBaTeneil.

JlucTBeHHble BUOBI, Takme kak: Salix acutifolia,
Quercus robur czy Betula pendula (puc. 22, 23)
TIOJIOKUTENEHO BAUSAIOT HE TEMM CYKIIECCHHU, NPUBOJS 10
BHIOBOrO pasHo00pasus B pesynsraTe KOpoHHOTo dddexra
(canopy effect). Pinus sylvestris (puc. 21) ne mHmeer
3HAYHTEILHOTO BIMAHHSA HA TEMH CYKIECCHH TI0 HPHYHHE
cnaGoro pasjioXKeHIs OPraHH4ecKod MaTepuy M MMIOXHX
yCIIOBHIT MeCTOOUTAHMS IOA €€ KOPOHOH JiIsA 3aceNeHHs
pacTeHHil.

KoneuHBIM pPACTHTENBHBIM COOBMIECTBOM B DPARY
CYKIECCHH B IMyCTHLIHH BICHIOBCKOM SIBIAKOTCS COCHOBBIC
WIH COCHOBO-NHinaiinukossie 6opei. OHH 0Opa3yloTcs B
TedeHHH HEMOoNHbIX 50 ner Ha morpeGeHHBIX MOYBAX
(BropmuHas cykueccus) u 60 ner (MepBUYHAA CYKUECCHS)
B (opmde wuHHNMaTBHOTO cocHoBoro Oopa. Ilepuon
o6pa3oBaHis JTECHOrO COOOIIECTBA aBTOP YCTAHOBHII HA
ocHoBanuu aszpodorocHuMkoB 1955, 1973, 1996 rogos
(puc. 9, 11, 13, 16, 17) u nonepsix pabor. B caywasnx
HCKYCCTBEHHBIX HACAKIEGHHH IyTeM HPUHYAHTESbHOH
CYKIIECCHH O0pa30BLIBATHCE COCHOBBIE MOHOKYJBTYPBI,
AMIIEHHBIE MEIKONeChs H co caabo cHopMHPOBAHHBIM
YMYCOBBIM TOPH30HTOM.

WccnenoBaans Haj WHULHAONEH H  pa3sBUTHEM
MOYBEHHBIX IPOIECCOB IO BIISHIEM CyKIleccHu 60poBoil
PACTHTENBHOCTH, MPOBOAUMEIE HA TEPPHTOPHH [1yCTHIHN
BneHmoBKON Ha IOBEPXHOCTSIX C pa3HOH CTENEHBIO
pa3BHTHSA MOYBEHHOIO H PACTHTEJBHOTO NOKPOBA, [O3BO-
JHIH YCTaHOBHTH XOfl Hpomecca oOpasoBaHust MOYBEI OT
MOMEHTa HHULHAINH K X0 €ro 4acTHYHOIl cTabumnzanuu
(puc. 25). Paifon mycThiHH BIeHZOBCKOIl nepes HawanoM
J070BEIX  NPOLECCOB,  BBI3BAHHBIX  AEATENBHOCTHIO
4e10BeKa, OblT MOKPHIT MOA30IHCTEIMH 109BaMu, KOTOPBIE
OLUIH BBIBESHBI, OTH ITOYBBl pa3BHBAJUCE Oxaromaps
PACTHTENLHOCTH COCHOBBIX OOPOB, O YEM CBHJCIBCTBYIOT
OCTATKH HIIOBHANLHOrO Topu3onTa (spodic) ¢ xapaktep-
HBIM TYMYCOBO-Kene3ucTeM cybropusontom Bhfe (doto
15, 16).

Ipouecc o6pa3oBanms [MOYBEHHOrO IOKPOBA HPOHC-
XOHT OHOBPEMEHHO C CYKLeCCHell PACTHTEMBHOCTH € TOH

pasHuIIel, 9TO ero Temn ecth Hoaee MeaneHHbM. [10 aTOMH
AapHYnHe HAGMIOACHHE NMOYBEHHBIX NMPOLECCOB SBIICTCH
Gonee TpyAHEIM, HCIONB30BAHHAS PACTUTENBHO-IOYBEHHAN
XPOHOCEKBEHINsA Ha PeajbHBIX PA3HOBO3PACTHBHIX pacTH-
TeJBHEIX CO00IEeCcTBaX YIPOCTIUIA OIpEAeleHe COOTHO-
HICHHSA MEXIy BOCCTAHABIHBAIOMMMHCS PACTHTENBHBIM H
[IOYBEHHBIM TOKPOBaMH B MpolLecce NepBHYHON HM BTO-
pHUHOH cykueccH Goposoil cepuii.

Houssi, ofpasyionmmecs Ha TEPPHTOPHH IYCTHIHH
BrnenoBekoif, a Takike B €€ OKPECHOCTAX, MPOABIIIOT
pasHOPOAHOCTE B HPOQMILHOM CTPOCHHH H LUBETE
OT/IENBHBIX FeHEeTHYECKHX Topu3ouToB (tabm. 10, 11, 12—
22, 26—29) B 3aBHCHUMOCTH OT CTCIEHH Pa3BUTHI H
TIOTHOCTH PACTHTEIBHBIX COOOIIECTB, 3aMEIEHO TAKKe
cucTeMatTnueckoe 06pa3oBaHue COeAYONUX FOPU3OHTOB H
CcyOTOpH3OHTOB 10 Mepe TOro, Kak pa3BHBajachk
PACTHTEILHO-TIOYBEHHAsS CyKieccHa 6Gopopoil cepuil.
MoOIIHOCT, COBOKYIIHBIX TOPH30HTOB PETOCOJOB H
apeHoCoJIOB COCTaBIIeT B cpenHeM or 10 go 25 cM, a B
cloydae MOA30NMCTHIX IMOYB HA HHWIHANBHOH CTaiHH
pa3suTHA — 0K0JI0 50 cM. B HauampHEIX (azax cyKuUecCHH
JNOMITHHPYIOIHM 1098000pa3yIomHM [TPOLECCOM SABILIETCS
AKKyMYIAIESL H TyMaQUKADHsS OpTaHHYECKOH mMarepun, a
KaK CIENCTBHE 00pa3oBanue opraHmdecko-ryMmycuoro (OA,
O/A) n rymycuoro (A) ropusonToB. Ha ocHoBaHmm
MOP(OIOrHYeCKHX MPH3HAKOB, a TaKkKe AKKyMYISIHH
OpraHHYecKoro BellecTBa Ha HCcleqyeMOoH TeppuTOpHH
BRIJEJIEHO TPH CTaJHH pa3sBHTHS TOUB: HavajbHBIC
(perocoier), nepexogHble (apEHOCONBI W HAMONOBHHY
JIO3PEBIINE — MOA30IHCTEIE MOUBLI B HAYANLHON CTAMHH
PasBUTHA) H CO BCEMH TOYBEHHBIMI TOPH3OHTAMH
(T1030THCTHIE TTOTBEI).

CpaBHHTENLHBIH IpaHyIOMETPUICCKHIl cocTas (Tabm,
10, 11), a Taxke CXOACTBO BAaJIOBOI0 3JIEMEHTHOTO COCTaBa
necuaHHOTO Matepmana B ropusodte C (1abm. 12) ykase-
BAET HA CXOACTBO MATEPHHCKHX HOPOA OOpasyrOLIHXCH
mous. ['yGHHa 3a1eraHns 9TOr0 rOpH3OHTA B HCCIEAYSMBIX
npoduisx mMessercs or 2 go oxomo 15 cM, uro TaKKe
yKa3plBaeT Ha MHHIUALMIO IOYBEHHBIX [POUECCOB HA
CXOIHOM Marepualie 1 CpPaBHHMBIM II0 BPEMEHHU,
Hanpasnennem  mo4BooOpasylomero —rmpolecca Ha
HeeTeyeMOH TEpPHTOPUH SIBISIETCS TI0/30/1000pa30BaHNe
I yXe B TedeHuu 35 JjieT noj o6pa3uaMn 00BIYHON COCHEI
HaOmMOAAIOTCA  Cledsl  3TOrO  mpoimecca B (opme
BEIOCIICHHBIX 3€pEeH KBapua,

OTueTaNBO BHAHO, YTO HA TEMII MTOYBOOOPA3YIOIIHX
HPOLECCOR BJIMSIIOT OTACHBHBIE COOOIECTBa ¢ AOMHHH-
pylomuMH BujaMH. V3MEHEHUS TH 3aMETHBI H B MOp(o-
JIOTHH, H XHMUYECKHX CBOMCTBAaX IOYB, TAKHX KaK COXEP-
aHue opranmueckoro yrias (Corg), obmero azora (Nt),
peaxiun (pH), otHomenuwo yrs k asory (C/N), a TaKxe
COIEpIKAHTIT NEOTeHHYHBIX OKHCIOB JKejle3a H allOMHHIS
(rabn. 23—25, 30—34). PaszuooOpazue colepKaHmi
nejorennunslx gopm oxemesa (Fe) u amomuns (Al)
00ycoBieHo cTaguaMi U (azaMH CyKIEeCCHH pacTHTElb-
HOCTH H MOXET CJIY)XXHTB HE TOJNBKO Kak MoKasatellb
CTEMeHH Pa3BHTHS TMOYB, 8 TAIOKe MOXET OBITh HCIIOJIB30-

— 188 —

BaHO [pPHU OLEHKE CTEHEeHH PAa3BHTHA CYKLIECCHH PAacTH-
TEJILHOCTH.

CosceM Jpyrum siBISieTCs BIMsAHHE BINGHKATOPOB Ha
PacTHTENEHO-IIOUBEHHYIO CYKUECCHIO, BEITEKAIOMYIO C HX
ouonornn u exonorun. OOpasyloT OHHM B Ipeleilax
NeCYaHHOTO I10JIS1 H3QJIMPOBAaHHEIE MOBEPXHOCTH B dopMme
TMOYBEHHBIX H HHTATENbHEIX OcTpoBoB. Heboxbmue
TTOBEPXHOCTH [10YBEHHO-PACTHTENLHEIX OCTPOBOB 06pasy-
I0TCA B pesynsrare AeHCTBHA (UTOTEHHOIO IMOJIsA, 4TO
obycinosineno addexrom kopoH. Popma u pazMep KOpoH
BUIOB 10 Pa3HOMY BJIMSIOT Ha pasHoOOpasHe H TeMII
PacTHTENILHO CYKIIECCHH, @ TAK)Ke Ha Pa3sBHUTHE TIOUYBBI
OnHuM u3 HaOMIOMAeMBIX [MOYBEHHBIX IPOILECCOB IO
HCCIEAYeMBIME BHIAMH SIBISETCS OBICTPOE YBETHUCHHE
MOIIHOCTH I'YyMYCOBOTO TOPH30HTa, 0COOeHHO mon Salix
acutifolia, S. avenaria u Quercus robur. Bee npusnaxu u
cBOJiCTBA MOUYBBI BMeCTe C OpraHHYecKoH MaTepnel mo4B
OBICTPO M3MEHSIOTCA B npoiecce obpa3oBaHus MU
YBEJIHUYEHHS TOBEPXHOCTH TEHH, a TaKKe aKKyMYJSIHH
opraHuYeckoil Marepuu. YCTAHOBIEGHEl YETKHE Pa3HMIBL
npH 00pa30BaHUK OPraHHYECKHX H I'YMYCOBHIX TOPH30HTOB
O[] HCCIIENyeMbIME KOPOHAMH BHJIOB KYCTOB H I€PEBBEB!
Salix acutifolia, Betula pendula, Quercus robur n Pinus
sylvestris (puc. 34—42). HauGonee MOIHBII TYMyCOBBIil
TOpu3OHT 3aduxcupoBal noj Quercus robur

Bonee MomiHble oOpraHuYecKHe M  YyMYCOBble
TOPH30HTHL 110/l KOPOHAMH HCCJIEYEMbIX BHJOB YCTaHO-
BJICHBI Y OCHOBAHHs IIHeH, a MO Mepe yHaJeHHs OT HHX
Habmonaercs obparHas curyauus. [Iponecc HakomneHus
OpraHuvecKkoil Marepuu W HHHULHANUS [10YBEHHBIX
HPOLECCOB HAYHHAETCS OT MOMEHTa 06pa3oBaHUs KOPOHB
nox XycroM miaH jaepeBoM. [To2TOMY MOXKHO OLEHHTDH
nepnoz o6pa3oBaHus M BO3PACT MOUYBEL Ha OCHOBAHHH
YCTAQHOBJICHHS BO3PACTa BU/IA, 110/ KOTOPEIMH NPOSIBIAETCS
negorexe3. Taxol cmoco® omnpefeNneHHS MOXeT OBITH
HCIIONB30BaH Ha TEPPHTOPHMSIX, [Ae HMeeTcs MepBHTHas
CYKLECCHSI C XOPOIIO U3BECTHOI HCTOpHEH pacTHTENBEHOCTH.

OpraHideckne TOPHU3OHTHL H CYOTOPH3OHTHI IIOX
KOPOHAMH CO3Aa10T 3(eKTHBHBIE YCIOBHS AJIS Pa3sBHTHS
H 06UTAHKA TOYBEHHBIX OPTAHH3MOB, KOTODEIE, B CBOIO
ouepe/ib, TAK)Ke BIUSIOT Ha CBOHCTBA MOuBHL. IIpHHIMAas BO
BHIMaHHEe MOJIOZOI BO3pacT MOYBH M cnabyio auddepeH-
HALMIO MOYBEHHBIX TOPH30HTOB, OPTaHMYECKas MaTepHs,
Aexanas HEeNOCPEICTBEHHHO HaJ MHHEPaJIbHBIM CIOEM
Hrpaer CyILIECTBEHHYIO SKOCHCTEMHYIO POl HA MHHIHAb-
HBIX CTaAMSIX DPACTHTE/IBHO-TIOYBEHHOH CYyKIIECCHH, THE
KOJMYECTBO ¥ KayecTBO OpraHH4YecKoid MaTepuu o6y-
CJIABIMBAIOT COPOMHOHHEIH 06Bb6M H KOJHYECTBO KATHOHOB.
3HauHTeNbHAS [JOJS OCHOBHBIX KATHOHOB B XUMHYECKOM
COCTaBe JHCTBEHHBIX BHIOB BHI3BIBAET YMEHBIICHHE
KHCIOTHOCTH TIOYBBI.

PesynpTaThl ~ HCCICOBAHUH,  INPOBOAUMEIX  IIpH
ucnonp3opann Py-GC/MS yka3pIBaloOT Ha OTYCTIHBEIC
Pa3sHUIBI COCTABA OPraHHYECKOil MAaTepHH IMOYB B Pa3HBIX
(azax cykueccuy 1oJi JOMHHHPYIOIHMH COOOIECTBAMH C
coobmecTBami ciopoBEIX (puc. 43—45) u cocynucThiX (pHC.
46—50) pactenuil. AHaJII3 OPraHUIECKOTO COCTABA TKAHEH
pacTeHuii, 3apacTaOIINX AAHHYIO IIOBEPXHOCTH, YIPOIIAET
onpeesieHHe TIPOHCXOKICHNS JAHHOH IPYIIBl OPraHHIECKHX
coeMiHeHni B mouse. IIpou3BeIeHO cpaBHEHUE NOSBIEHHS H
pasnoobpasus cocTaBa OpraHU-decKkOH MaTepHH B TKaHAX
pacTeHHi U B I'yMyCOBOM TOPH30HTE IHOYB, Pa3BHBAIOLIHXCS
MO BIUSIHHEM JAOMHHHPYIOLIIHX cooblecTB 60poBoil cepu
Hd e¢ HHHIMANBHEIX CTafHIX ¥ (a3zax. YCTaHOBIEHO HX
Gombuioe pa3HooGpa3iHe Ha OCHOBAHHH OPraHHYECKHX
coepnHeHuii mop coobmectBamn Algae-Cyanophyta, non
Guonornyeckoli mouBeHHOM Kopoukoil (biological soil crissts)
u Polytrichum piliferum.

IIporecc pereHepamyy MOYB Ha TEPPHTOPHH IIYCTHIHH
baenposckoll mpomcxoguT JgBosiko. IlepBrlf  croco6
npossisercs B palioHaXx, TAE€ INOYBCHHBIH HOKpPOB OBIN
YHHYTO)KEH H MONHOCTBIO pa3BesH. OJTOT cHocob
06pa3zoBaHus IMOYBLI IPONCXOZHNT B YCIOBHAX MEPBHYHOMN
pacTUTeNbHOH CyKkueccHH. TakHe IOBEPXHOCTH CHEAYeT
HpU3HATH HYNEeBBIMH (CTapTOBBIMH) (hazamH cyKueccuu,
naunurposadueiMu Algae n Cyanophyta, npu ydacTuu
KOTOpPBIX 06pa3yioTest HHAIMAIBHEIE ouBb! (porto 22a, b, 23;
puc. 29, 30, 32). Bropoii crioco6 pereHepaiuu HOUYBEHHOIO
HOKPOBA Ha TIOBEPXHOCTAX HaJ MOrpeGeHHBIME TogBaMu 6e3
ryMYCHOFO M YacCTHYHO 3JIIOBHANBHOTO FOPH30HTOB HITH
MOIHONPOMHALHEIME IIPOHCXOAHT KaK BTOPHIHAS MOYBEHHAS
H  pacTHTenbHas CyKHmeccHs B (QopMe ITHIITHIECKHX
msmenenuii (boro 15, 16). CBa3aHO 3TO C OTIOXKEHHEM W
NEePeOTIOKEeHIeM IIecka M 3aCeleHHeM pacTHTEIBHOCTHIO,
PEe3yIBTATOM Hero SBIIeTCs NOollepe-MeHHO MOSBIISIOMIHECS
TEMHBIE ¥ CBETJBIE MEeCKH. DTOT HHKI MOJKET TMOBTOPATECS
HECKOJIbKO pa3 U, TAKHM o6pazoM, 06pasyIoTcs cleayrontHe
cexBeHIHH Mo4B (Tabm. 26, 27). 310 ABASETCS IPHMEPOM
KJIACCHYECKOTO B3aHMOOTHOLIEHHST MEXY PACTHTEIEHOCTRIO
H 11048000pa3yIoNIHM TIPOLECcCOM.

HccnepoBanus IecdaHHBIX AIOH ITOKA3BIBAIOT, UYTO
KOHIlEINHS  DKOCHCTeMHl  O3HadaeT Oosble, u4eM
Guosoryyeckas accomMallHsi H €e OKpyxamolias cpesa.
Konnerus guHaMuki GH3IHKO-OHOIOrHYECKOH CHCTEMBL
TECHO CBA3aHA C B3aUMOIEHCTBHEM PACTHTEIBHOCTH C
¢$u3MYecKUMH CHJIAMH, KOTOphleé B CBA3H C 30J0BEIMH
nponeccamMi oGpa3oBBIBAIM JIOHEL, (PHTOTEHHBIE OYyIphl H
CBA3AHHBIE C HUMH TOYBEL. JTO IPEICTaBIeHO XHMHIECKOH
TpaHcdopmanneil # KpyroBOPOTOM €JIeMEHTOB BO BpeMs
CYKIECCHH M Pa3BHTHSI IOYBBI OT PHIXJIBIX MECKOB JO
cTabUILHBIX TOBEPXHOCTEH M BIIOCIEICTBHHM XOPOMIO
Pa3BUTHIX MOYBEHHBIX TOPH3OHTOB.
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