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Abstract. In urban forests, stock production is not the main function of stands. Carbon sequestration,
the release of oxygen and phytoncides, dust precipitation, and changing wind conditions et al. are the main
environmental functions. Phyto-organic substances emitted by trees help to reduce the number of microor-
ganisms in air make the air cleaner and fresher. The purpose of the study is to evaluate the ecological func-
tions of forest stands based on long-term observations of the forest stands of the Forest Experimental District
of the Russian State Agrarian University — Moscow Timiryazev Agricultural Academy. The study used data
about 7 permanent trial plots in natural pine stands, 7 — in pine plantations (planting density — 32 000 trees
per 1 ha), 13 — in larch plantations (planting density — 700—4000 trees per 1 ha), 8 — in oak
stands (natural stands and plantations) and 9 — in birch stands (natural stands and plantations). For a year,
1 ha of forest covered area produces 10 tons of oxygen, and the entire territory of the Forest Experimental
District produces about 2.5 thousand tons of oxygen. In the year, the stands of the Forest Experimental Dis-
trict absorb about 3 thousand tons of carbon dioxide. The forest stands of the Forest Experimental District
are capable of precipitating 135 tons of dust and they emit about 130 tons of phytoncides into the air
during the growing season. Under urban conditions, forest stands are subject to the influence of negative
factors: emissions from industrial enterprises and transport, recreational loads, disruption of natural condi-
tions, and many others. Negative factors lead to a decrease in the performance of ecological functions.
Therefore, in urban forests it is necessary to carry out silvicultural measures to increase the sustainability
and productivity of stands.

Key words: urbanized environment, ecological functions, forest stands

Introduction
In urban forests, stock production is not the main function of stands. Carbon
sequestration, the release of oxygen and phytoncides, dust precipitation, and changing
wind conditions et al. are the main environmental functions. Phyto-organic substances
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emitted by trees help to reduce the number of microorganisms in the air, make the air
cleaner and fresher. In addition, urban forests are the resting place of citizens. The nume-
rical evaluation of the ecological functions of forest stands can be calculated using bio-
logical productivity data. Biological productivity is an integral indicator characterizing
the intensity of biochemical processes occurring in trees.

In forest stands, the intensity of their ecological functions is changed with age.
The long-term data of inventories of permanent trial plots show that the growth of forest
stands does not take place according to the patterns that are reflected in numerous yield
tables [ 1—S5]. Therefore, the study of the dynamics of the ecological functions of forest
stands on the basis of multiple observations on permanent trial plots is becoming espe-
cially important.

The purpose of the study was to evaluate the ecological functions of forest stands
based on long-term observations of the forest stands of the Forest Experimental District
of the Russian State Agrarian University — Moscow Timiryazev Agricultural Academy.

Materials and methods

The materials for the study were the inventory data of the permanent trial plots
of the Forest Experimental District of the Russian State Agrarian University — Moscow
Timiryazev Agricultural Academy. Forest Experimental District was located in the north
of Moscow. According to the results of the forest inventory in 2009, the area of the Forest
Experimental District was 248.7 ha, including 233.4 ha (93.8 %) covered with forests.
Observations on permanent trial plot have been carried out for more than 100 years.
The study used data about 7 permanent trial plots in natural pine stands, 7 — in pine
plantations (planting density — 32 000 trees per 1 ha), 13 — in larch plantations (plant-
ing density — 700—4000 trees per 1 ha), 8 — in oak stands (natural stands and planta-
tions) and 9 — in birch stands (natural stands and plantations).

Aligned rows of stands were used for the study [2, 3]. Average values for groups
of permanent trial plots were given with a 95% confidence interval. The text for the aver-
age shows the standard error values. Oxygen productivity was determined from the cal-
culation that the formation of 1 t of absolutely dry organic matter led to the release
of 1393 kg of oxygen [6]. The amount of deposited carbon was calculated according
to the conventional methods through a phytomass conversion factor of 0.5. The potential
dust holding capacity was calculated through LAI [7] and data on the deposition of dust
by the leaf surface of trees [8].

Results and discussion

Plants produce oxygen during the process of photosynthesis. Fig. 1 shows the pro-
duction of oxygen by stands, calculated from the net primary production of phytomass.
Natural pine stands (maximum 40 years — 10.9 + 1.0 t-ha"-yr™") and birch stands
(maximum 60 years — 10.3 + 0.8 t-ha'-yr") produce the least amount of oxygen. Pine
plantations with a planting density of 32 000 plants per 1 ha produce more oxygen than
natural pine stands. In pine plantations, the maximum value of oxygen production
is reached at the age of 30 years (23.9 + 0.6 t-ha'-yr'"). Larch stands for 120 years
of growing show quite high values of oxygen production — 16.0 £ 1.1 tha '-yr .
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Fig. 2. Carbon sequestration in available phytomass
and 95% confidence interval

Currently, the average daily value of oxygen production by the stands of the Forest
Experimental District was 27 kg-ha™'. Tree stands produced the maximum amount
of oxygen on favorable summer days. In winter, the amount of oxygen produced was
minimal. In general, for a year, 1 ha of forest covered area produced 10 tons of oxygen,
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and the entire territory of the Forest Experimental District produced about 2.5 thousand
tons of oxygen.

In the process of photosynthesis, forest stands absorb atmospheric carbon dioxide.
In conditions of increasing concentration of carbon dioxide in the atmosphere, the issue
of carbon sequestration in the stands is important. In young stands, the largest amount
of carbon is sequestered in pine plantations with a planting density of 32 000 trees
per 1 ha (Fig. 2). Compared to other forest stands, larch stands sequester the largest
amount of carbon. In 100 years available phytomass contains 222 + 14 t-ha™'. Least of all
carbon stock in natural pine stands (maximum 80 years — 81.3 £ 10.7 t-ha™") and birch
stands (maximum 60 years — 77.0 + 8.7 t-ha™").

At present, on average, 80 tons of carbon are contained in stands for 1 ha of forest
area. In total, the stands of the Forest Experimental District contain about 20 thousand
tons of carbon. The average daily value of carbon dioxide uptake by trees is 35 kg-ha™'.
And in the year, the stands of the Forest Experimental District absorb about 3 thousand
tons of carbon dioxide.

City air contains a large amount of dust and microorganisms. Crowns of trees
contribute to the reduction of dust in the air. For example, dust content in Petrozavodsk
squares is 300—500% less than the average in the city [9]. The dust holding capacity
of trees depends on the leaf area and the morphological characteristics of the leaf.
In the Forest Experimental District, up to 60—70 years, pine plantations with planting
density 32 000 trees per 1 ha (maximum 30 years — 1375 + 30 kg-ha™') and oak stands
(maximum 40 years — 873+57 kg-ha™') had the greatest potential dust holding capacity
(Fig. 3). After 70—80 years, larch stands had the greatest dust holding capacity
(in 100 years — 853 + 57 kg-ha™).
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Fig. 3. Potential dust holding capacity of forest stands
and 95% confidence interval
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On average, 1 ha of forest area of the Forest Experimental District is capable of pre-
cipitating 550 tons of dust. In general, forest stands of the Forest Experimental District
are capable of precipitating 135 tons of dust, which is washed away with precipitation
water into the soil.

In the conditions of cities, an important sanitary and hygienic indicator is the quan-
titative composition of air microflora. Forest stands emit phytoncides and are good regu-
lators of air quality. The canopy of trees is a natural filter where dust particles and micro-
organisms linger. Under the action of volatile microorganisms die and the sediments are
washed into the soil.

The volatile secretions of trees have a positive effect on the cardiovascular, respira-
tory, and nervous systems of humans, and contribute to an increase in immunity. There
is extremely low percentage of people with respiratory diseases and nervous system
disorders in conditions of forest area [10].

As a result of the enlarged assessment, the average daily release of phytoncides
by forest stands of the Forest Experimental District is 3.7 kg-ha™'. The forest stands
of the Forest Experimental District emit about 130 tons of phytoncides into the air
during the growing season. This indicates a high antimicrobial activity of tree stands
and their great importance for the local population.

Under urban conditions, forest stands are subject to the influence of negative factors:
emissions from industrial enterprises and transport, recreational loads, disruption of natural
conditions, and many others. Negative factors lead to a decrease in the performance
of ecological functions. Therefore, it is necessary to carry out silvicultural measures
in urban forests to increase the sustainability and productivity of stands.

Conclusions

The best oxygen-producing and carbon-sequestration functions were expressed
in larch stands, which show high resistance to adverse factors in the conditions of the city.
Least of all these functions were expressed in birch stands, which were characterized
by a high decorative effect. In general, for a year, 1 ha of forest covered area produces
10 tons of oxygen, and the entire territory of the Forest Experimental District produced
about 2.5 thousand tons of oxygen. During the year, the stands of the Forest Experimental
District absorbed about 3 thousand tons of carbon dioxide.

Pine, oak and larch stands were characterized by a high dust holding capacity.
In general, forest stands of the Forest Experimental District were capable of precipitating
135 tons of dust which was washed away with precipitation into the soil.

The forest stands of the Forest Experimental District emitted about 130 tons of phy-
toncides into the air during the growing season. This indicates a high antimicrobial
activity of tree stands and their great importance for the local population.

Under urban conditions, forest stands are subject to the influence of negative factors:
emissions from industrial enterprises and transport, recreational loads, disruption of natural
conditions, and many others. Negative factors lead to a decrease in the performance
of ecological functions. Therefore, it is necessary to carry out silvicultural measures
in urban forests to increase the sustainability and productivity of stands.
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Hay4yHas ctatbs

dkonoruyeckme PyHKUNUN ApeBoCTOEB
B YCJIOBUSIX YPOAHU3NPOBaAHHOW cpeabl
Ha npumepe ropoana MockBbl

H.H. Ay0enok, B.B. Ky3smuues*, A.B. JleGenen

Poccuiickuii rocy1apcTBEHHBIN arpapHblii yHUBEPCUTET —
MockoBcKas cenbCKoXo3siicTBeHHas akaaeMus uMeHu K.A. Tumupssena,
Mocksa, Poccuiickas @enepanus
*kuzmichev33valery@mail.ru

AHHoOTanusl. B ropojickux secax npoaylnupoBaHue 3araca He SIBISeTCSI TIaBHOW (YHKIHEH TpeBo-
cToeB. JlenmoHupoBaHue yriepo/a, BIICICHHE KUCIOPoa U (PUTOHIINIOB, OCAXK/ICHUE TbUTH, U3MEHEHHE
BETPOBOTI'O PEKUMa M JPYTHe SIBJISIFOTCS OCHOBHBIMH SKOJOTMUECKMMHU (pyHKUMsIMU. PUTOOpraHUYECKUE
BEIIIECTBA, BHIIEISEMbIC AEPEBBSIMH, CIIOCOOCTBYIOT CHIDKEHHIO KOJIMYECTBA MUKPOOPTaHM3MOB B BO3/IyXE,
JIeJaloT ero uuiie U cexee. Llenb uccienoBannus — OLIEHKA HKOJIOTHYECKUX QYHKIUN JPEeBOCTOEB
[0 MaTepuaiaM MHOTOJETHUX HaONIOJeHHH 3a HacaxxgeHussMu JIecHO# omnbITHON nauun Poccuiickoro
TOCY/IapCTBEHHOT'0 arpapHOro yHUBepcuTeTa — MOCKOBCKasl CeIbCKOX03HCTBEHHAs! aKaIeMHs UMEHH
K.A. TumupsizeBa. B nccnenoBanuy UCTIONB30BAIUCH JAaHHBIE O 7 MOCTOSHHBIX MPOOHBIX IUIOIMIAISNX
B €CTECTBEHHBIX COCHOBBIX HACAXKIEHUAX, 7 — B KyJbTypaxX cOoCHbI (IycToTa nocagku — 32 000 nepeBbes
Ha 1 ra), 13 — B KysnbTypax JucTBeHHHIIBI (TycToTa mocaaku — 700—4000 nepeBbeB Ha 1 ra), 8 —
B yOOBBIX HACAXKACHUAX (€CTECTBEHHOTO U MCKYCCTBEHHOI'O IMPOUCXOXACHUS) U 9 — Ha Oepe30BbIX
HACaXJICHUSX (€CTECTBEHHOIO M UCKYCCTBEHHOT'O MPOUCXOKACHU). 3a To/] 1 ra MOKPBITOH JIECOM ILIOIIa 1
npom3BoauT 10 TOHH KUCIOpOAa, a Bl TeppuUTOpHst JIeCHOH ONMBITHOW AaYu — OKOJIO 2,5 THICSY TOHH
kuciopona. B ron npesocrou JIecHON ONBITHON JTauy MOTJIOMIAIOT OKOJIO 3 THICSY TOHH YTJIEKUCIIOrO rasa.
B nenom npeBocton JlecHo# OMBITHOM auu criocoOHBI ocaxaaTh 135 TOHH MBUTH M BBLICISIOT B BO3IYX
ok0J10 130 TOHH UTOHIHIOB B TCYCHHUE BETCTAI[MOHHOTO MEpUOa. B ropoaCKuX yCIOBHSIX JIECHBIC
HACaXJICHHS TTOJIBEPKEHBI BIIMSHUIO HETraTUBHBIX (DaKTOPOB: BEIOPOCOB MPOMBIIIICHHBIX TPEIIPUSTHN
1 TPAHCIOPTa, PEKPEAIMOHHBIX HArpy30K, HapyLIeH!s IPUPOHBIX YCIOBUI U MHOTHX Apyrux. HerarusHsie
(hakTOpBI MPUBOAAT K CHIDKEHHIO BBITTIOJHEHHST HMH SKOJOTHYecKuX (yHKIwiA. [loaToMy B roposckuXx jiecax
HEOOXOIMMO MPOBOJIUTD JIECOBOACTBEHHBIE MEPOIPHSATHS JJIsl OBBIMICHHUS YCTOMYMBOCTH U MPOTYKTHB-
HOCTH IPEBOCTOEB.

KuroueBrle c10Ba: ypOaHU3UPOBAHHAS Cpejia, IKOJIOTHYECKHE (GyHKIMH, IPEBOCTOH
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