BALTIC FORESTRY

I OZONE-INDUCED VISIBLE FOLAR INJURIES IN LITHUANIA R R. OZOLINCIUS, B. SERAFINAVICIOTE IR

Ozone-induced Visible Foliar Injuries in Lithuania

REMIGIJUS OZOLINCIUS, BRIGITA SERAFINAVICIUTE

Lithuanian Forest Research Institute
Departiment of Forest Ecology and Forestry
Liepy I, Girionys, L1-4312 Kaunas distr:, Lithuania

miskinst@mi.lt; brigitos@muail

Ozolin¢ius R., Serafinavidiate B. 2003. Ozonc-induced Visible Fohar Injurics in Lithuania. Baltic Forestry, 9

(2): 51-57.

In 2002 the survey was cartied out on 25 Light lxposed Sample Sites (L1ESS) situated throughout Lithuania (nctwork

52x52 km).

Methods of ICP-Forests were used. Por the first tinie in Lastern Lurope ozone-induced leat injurics on

plants (Rubus idacos L., Alnus incana L., Salixv caprea Loand Frangula alnus Muler) were recorded on 10 LESS. The
rate of wnjurcd plants per LESS varied from | (o 15%. More visible ozone injurics were found in the castern part of
Lithuania, where higher (ropospheric ozone concentrations were recorded. The results suggest thal the present relatively
low level of tropospheric ozone in Eastern Lurope is cnough to have a negative cffeet on vegelation. However, it is
difficult to determine exposurc/response relationship, different ozone sensitivity of specics and individuals, and the influcnce
of site conditions on plant response Lo ozone complicate these investigations. The coherent rescarch on distribution of
troposphceric ozone concentrations and ozonc-induced imnjurics of plunts in Lithuanian forests will be continuced.
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Introduction

Tropospheric (ground level) ozone (O)) is consid-
ered to be onc of the today’s most important air pol-
lutants affecting forests. On the global scale the con-
centrations ol tropospheric ozone are rising year by
year. It is estimated that ozone concentration has -
creased by about 35% since the pre-industrial cra
(some regions expericnced larger and some smaller
mereases) (UNLECLE and EC 2003). Today the natural
level of ozone varics Irom 20 to 80 pg/m*. ITowever, in
1980 peak ozone concentrations of 196-294 pg/m* were
registered in many parts of Europe (Zierl 2002). Ac-
cording to the EU ovone dircctive, the threshold val-
ues of 65 pg/m* for daily mean and 200 pe/m* for hourly
mean arc sct up (Hjcllbrekke 1997). 10 1s stated that
ozone concentrations cxceeding these limits can have
anegative impact on the ozone sensitive species, and
visible foliar injuries arc one of these. The compari-
son of areas with occurrence of visible symptoms
(based on field and experimental evidences) and mod-
elled ozone concentrations in the growing scason on
a worldwide scale seems o support the above state-
ment. In many arcas ol Europe (in such as Austria,
Switzerland and cspecially 1n the Mediterrancan) in
summer the value that is recognised as an accepied
standard for the protection of forest trees from adverse
ozone clfects 1s frequently and repeatedly exceeded
(Sanz ei al. 2001, de Vries et al. 2003). Although in
Eastern Lurope the critical levels of ozone arc not

exceeded frequently, 1t 1s expected that transbounda-
ry pollution and local sources will determine fast
growth of ozonc concentration in this part of Europe
as well (Szaro et al. 2002Db). Furthermore, ozone has
been recognised as one of the predicting factors of
ash dying in Eastern Europe (Ozolincius 2002).
Tropospheric ozone 1s a secondary air poliutant
that forms as a result of photochemical reactions be-
tween other pollutants, mainly NO_and volatile organ-
ic compounds. The highest ozone levels generally
occur n the daytime during the summer season, when
sunlightis stronger and stagnant meteorological con-
ditions can cause reactive pollutants to remain in an
arca for scveral days (Skelly er al. 1987, Manahan
1994, lanes ¢/ al. 2007). In Europe, the greatest rise
invzone levels occurred in the period 1940-1960, when
the concentrations of ozone precursors from exhaust
gases and industry increased 4 times. Since 1980 the
level of industrial pollutants in Europe has decreased
and resulted i a growing importance of photochemi-
cal pollutants (such as ozone). It is predicted that in
2100 nearly 49% of world forests (17 mil. km?) will be
affected by ozone concentration capable to provoke
negative cffects (Szaro et af. 2002, Percey 2002).
High ozonc levels were first related with spots on
the leaves of garden plants and crops around Los
Angeles in 1944, USA (Hill et al. 1970). Later on the
Ponderosa pine in the forests of the San Bernardino
Mountains displayed spots on their needles. These
forests finally died off in 1970 after a bark beetle at-
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tack (Alonso et af. 2002). Since 1950-1960 tropospheric
ozone as the main photochemical compound has been
recognised in North Amcrica, since 1980 1in Western
Europe, and since 1990 in the Mediterranean region
(Bytnerowicz et «f. 2002). In 1997, based on ten years
of monitoring torest condition i Lurope for estimal-
ing direct cffects by air pollution on forest trees, the
UNECE concluded that tropospheric ozone is the main
parameter to be considered. In 2001, the Intergovern-
mental Panel on Climate Change (IPCC) classified trop-
ospheric ozone as the third most important greenhousc
gas after carbon dioxide and methanc (de Vries ¢f «/.
2003).

Plants respond to ozone when it enters the leaf
through the stomata. Within the leaf, ozone is trans-
formed, producing a variety of frec radicals, which
damage the cell. The toxic effects of ozone depend on
the amount of uptake mto plants (Pell et af. 1997),
which 1s determined by stomatal conductance and
depends on the microchmatic factors (Skiirby e al.
1998, Innes ef a/. 2001). Stomatal conductance 1s max-
imal during periods of high light intensity, high tem-
peratures, low vapour pressure deficits and sufficient
soil water supply (Zierl 2002). Furthermore, ptant spe-
cies and individual plants within species vary greatly
in their ozone tolerance (Innes ef al. 2001, UNECE and
LEC 2003). Thercfore it 1s difficult to determine a clear
link between the occurrence of high ozone concentra-
tion and the extent of damage on vegetation (Skirby
et al. 1998, Zicrl 2002).

Nevertheless, the results of many different exper-
iments show that the high ambient ozone concentra-
tions {more than 65 pg/m?) can causc a range of ef-
fects to vegetation. These arc: decreased foliar chlo-
rophyll content and photosynthests, reduced carbo-
hydrate production, altered carbon allocation (Skirby
et al. 1998, Gunthardt-Gocerg ef al. 2000, Vollenweider
et al. 2003), deereased nutrient availability, accelerat-
cd leaf senescence, lower vigour, slow growth
(Oksanen 2001, Matsumura 2001, Muzika ef al. 2002,
Zierl 2003), yicld reduction, visible foliar imjury (Skel-
ly et al. 1987, Innes et al. 2001, Sanz ef af. 2001), and
altered sensitivity to biotic and additional abiotic stres-
sors (Skiirby et al. 1994, Fuhrer ¢f al. 1997, Skirby et
al. 1998, Grodzki e al. 2002, Laurence and Andersen
2003, UNECE and EC 2003). It can be concluded that
long-term impact of ozonc on trees may impair the
function of forest ccosystems (Dalstein er al. 2002,
Zierl 2002), the aesthetic appearance of the landscape
(Laurence and Andersen 2003).

The data we have today strongly suggest that
tropospheric ozone causes visible foliar injury to sen-
sitive plants. Visible injury is regarded as a result of
oxidative stress, leading to a cascade of adverse ef-

fcets. Ozone (unlike e.g. fluoride or sulphur dioxide
pollution) leaves no clemental residue that can be
detected by analytical techniques. Therefore, visible
ozone-induced njury on needles and leaves is easily
detectable ozone pollution evidence in the field. Vis-
ible injury does not include all the possible forms of
injury to plants (i.e. pre-visible physiological chang-
cs, reduction in growth, ctc.). Nevertheless, observa-
tion of typical sympioms on above ground plant parts
i the field has turned out to be a valuable tool for
the assessment of ozone injury in sensitive species
in Burope (Innes ef al. 2001, Sanz ef «/. 2001, de Vries
et al. 2003). Since 1993 more than [00 species in Swit-
zerland, Spain and Italy have been recognised as ozone
sensitive species (Innes ¢t al. 2001); surveys have
recorded ozone-like symptoms on native tree, shrub,
and herbaceous species in Greece, and France (de Vries
et al. 2003).

However, hittle information is available on the ef-
fects of ozone on the native forest plant species
throughout the rest of Europe (Fuhrer ef al. 1997).
Therefore, in 2001 the EU/ICP Forests programumie
launched a test phase to explore the monitoring of
ozone concenlrations and ozone-induced injuries on
intensive monitoring plots (UNECE and EC 2003). Thus
far in Lithuania tropospheric ozone was not ap-
proached as one of the forests condition influencing
factors (Ozolincius and Stakenas 1996). In 2002 the first
mvestigations were started. The object of our survey
was to assess the impact of tropospheric ozone on
forest vegetation in Lithuania, that 1s, to examine
whether any visual ozone-like injury can be found on
plants in Lithuania, which species are affected and
what 15 the rate of the visible injury.

Materials and methods

On August 27 and September 11, 2002 the first
pilot study on the visible ozone-like injuries was car-
ried out. The assessment of visible ozone injury was
based on the EU/ICP Forests methods - “Submanual
on Assessment of Ozone Injury on Intensive Moni-
toring Plots” (UNECE 2001). The ierritory of Lithua-
nia was divided into equal squares (network — 52x52
km). In the middle of each square observation plots -
Light Exposed Sampling Sites (LESS) - of 25x20 m were
sct in a nearby southern forest edge (altogether - 25
LESS) (Fig. ). Mostly clear cutting areas were used
for LESS establishments.

The experience of ozone injury surveys in the US
as well as in Europe, showed the difficulty of discrim-
ination ozone injury from confounding symptoms,
associated with biotic (fungl, insects, etc.) or abiotic
(i.e. cdaphic) stress factors. To facilitate this, tools
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Figure 1. A schematic view of the Light Exposed Sampling
Sitc (LESS)

such as a sensitive species list, photo gallery, and {Tow
chart for injury discrimination (Innes et al. 2001) were
created. Thercfore, the assessment of ozone injury
during our survey was based on these tools

According to the “List of European Ozone
tive Species”

as well.
Sensi-
(http://www.gva.cs/ceam/icp-forests) a
prefimimary “List of Lithuanian Ozone Sensitive Spe-
cies” was prepared, including 30 specics of trees and
shrubs and 16 perennial herbs (46 species in (otal),
Foliage of these species was screened for ozone inju-
ry with respect to the following parameters: abun-
dance of the ozone sensitive species per LESS (scalc
of 5%) and mummber of injured plants per LESS (scale
ol"5%). Visiblc
according to the {Towchart for the dragnosis of ozonc-
induced mjury on broadlcaved species (Fig. 2) as well
as comparing found symploms with the pictures of
ozone mjuries (Innes es ¢l 2001, Sanz e al. 2001).

leal mjury assessment was performed

Syuiptom

(evendy distribured Uy purple-ed, yellow, black, hrownish spots or pencral even

reddening on

milight exposed plant leaves)

l'|||n|| 1 swface qu. Iie |I\| e |

—
Interveinal || velns
—
— |
Mo wgnry on older \)u e anjury on
leaves yuu \!- 1 leaves

Could Ix: Q, hyjury

Figure 2. Flowchart for the diagnosis of ozonc-induced in-
Jury on broadleaved specics (according (o Inncs e al. 2001)

|_ Not O, injury

The symptoms found on the
were delined as ozonc-induced injury when:
symptoms (cvenly distributed tiny purple-red,
black, brownish spots or genceral cven reddening)
occurred only on the mature leaves exposed to sun-
light, 2) were found only on the upper leaf surface, 3)
were interveinal, and 4) morc of the injury were lound
on older leaves comparing to the younger oncs. In
addition the ¢

plants n the LIESS
1y the

¢ clfect”™ (when two Jeaves overlap
and the shaded leaf portions do not show injury) is

B 2003, Vol. 9, No. 2 {17

considered (o be the evidence that the injury is in-
duced by ozone.

Results

On 25 Light Exposed Sampling Zites (L1ESS) 21 tree
and shrub and 12 perennial herbs species included in
the preliminary “List of Lithuanian Ozone Sensitive
Species” were found (Tab. 1), Rubus spp., Betula pen-
dula Roth. and Quercus robur L. were the most fre-
quently found species.

Table 1.
to ozonce

A preliminary list of Lithuanian specics sensitive

Number ol
N | Trees and shrubs LESS; if] kel
the species were |
founi |
|- Acer platanoides 1. — + I
2 Acer pse /zzlr_j)lulunn b
S| Adnas glutinosa (1..) Gaertn, 7
i d | Anus incana L. ¥
5 Betulu pendula Roth. 20
O Carpinus betihus 1. I
T Cornus spp.
B | Corylus avelluna l,; - w13
9 Cratacgues spp.
A0 Euonymns curopacus [ - 2
11 Franguda alins Mlllm‘ 10
12 Fraxinus exe 4/\1()/ L. N /
|3 Larix decidua Mill.
14 Lonicera xylostenm e _‘. |
__|§ Picea abices (L) 11 Karst, 14
16 Pinas svlvestris 1. ] 8
_an?__ Populus tremuda L, 10
.I 18 Prinus aviam 1. _
19 Prunus spinosa .. ) T
20 Ouerciey robur .. 17
| 21 | Rhcmnus catharticus 1.
22 R//w.\-,\l\p. 2
2] Rosa canmea 1.
24 Ruhirs \'.l.)l.). 2
_J_:W'__ | Salivspp. - Y |
20 Sambicus Spp- |
37 Sorbus ancupuriv L. 15
28 | Tilia cordata Miller I
29 Ulmus spp. |
0 Viburuan opulis 1 _ 2
Number of
N | Ground vegetation LESS, i'.l rhich
the species were
| found
_3_] Agrimonia eupatoria 1., |
12 Artemisic valoaris 1, - 7
AV | Convohvulus ar cnsis 1. |
M Convza canadensis (1) Crong. 2
15 Lpilobinm angu linan .. 12
30 | Qw‘u;ﬁuu svlvaticim L. ' 3 B
37 Hivracium spp. 3
XK Lantium Spp- ]
| A9 Lapsana conmniy 1.
40 Mycelis muraliy (1) Dumort. | 4
41 Myvsolis spp. |
42 Ocnothera bieniis 1.
43 Plantago spp. | 5
_i _I\’u/m'_\' obtuxifolius 1. | 4
45 Stachys officinalis (L) Trevisan |
Ao Lrifolinm praense 1. I

L s S RN R ol
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Ozonc-like symptoms were found on 9 trec and
shrub and on | perennial herbs species. After consul-
tations with cxperts from Swiss Federal Rescarch In-
stitute WSL the visible ozone-induced symptoms were
declared on 4 tree and shrub species - Ribus idacus
L., Alnus incana L., Saliv caprea L. and Frangula alnus
Miller (I1g. 3; sce page 95).

The rate of affected plants varied from I to 15%
per LIESS (Table 2). Most of the ozone-like visible in-
jury was found on Rubus idacus L. (on 6 out of 25
LESS). The injury was mantlested as an even upper
surface interveinal reddening. The injury on Alnus
incana L. was found in three plots and was scen as a
purple-red intense stippling. The injuries on /7rangu-
la alnus Miller and Sulix caprea L. were Tound on 2
LIS sites and were displayed as a tiny brown stipples.

Table 2. The amount of the identified symptomatic species

Sumber ol
injured plants

Abundance of the
species per LESS,

| Number of LESS in |
which the injuries

Scientilic name |

were found | T | _per 1SS, %
ribues deleens 1. | 3 535 1-18
| 3 | 1-10 (-5
2 5-10 1-§
2 | 1-5 1 1-5 |

The locations ol difTerent plant species on which
the visible ozone-like mjury was found arc presented
in Figure 4. The ozone-induced injuries (espectally on
Rubus idaeuws L)) were found almost in the whole coun-
try, however relatively more injurics were lound in the
southern, castern, and northeastern parts of Lithua-
nta. Most ol the alfected Salix caprea L. plants were
found in the castern part of Lithuania and injured
Frangula alnus Miller plants - in southern one,

@ - Fubus idasus

(- Alnus incana

[Ej..

caprea
ngula alnus

Figure 4. Distribution of identificd visible ozonc-tnduced
symptoms on Rubus idacus L., Alnus incana L., Salix cap-
rea Lo, and Frangula alnus Miller in Lithuania, 2002

Discussion

The emerging of visible ozone-induced injuries
generally depends on: 1) the ambient ozone concen-
(ration, 2) the uptake into the leafl, 3) environmental
factors that greatly influence the uptake, and 4) on the
specics and individuals sensitivity to ozone (Innes et
al. 2001).

The data on daily mcan tropospheric ozone cor-
centrations during June | — September 10, 2002 from the
two integrated monitoring sites in Lithuania (Platelial
in the western part of the country and Ragsteli§kés n
the castern parl) were provided by the Institute of Phys-
ics, Lithuania, The average ozone concentrations for the
whole period m Ragsteliskés and Platelhial were 58 and
54 pg/m?, respectively. The ozone concentration in
Ragsteliskes was higher than 65 pg/m?® during 26 days,
that 15 25,5% of the time, in Plateliai — 19 days, that is
18,6% of the time. The highest concentrations were
recorded in August: on Rigsteliskés site the daily mean
ozone concentration was 94 pg/m* (15.08.2003) and in
Platclial ozone concentration was 84 pg/m* (12.08.2003).
In the period 1990 - 1994, 35% of the time on summer
days the average one-hour tropospheric ozone concen-
frations were higher than 80 pg/m?, and 10% of the time
they were higher than 100 pg/m* (Girgzdys et al. 1999).
It is apparent that ozone concentrations in Lithuania
arc high enough (o be of potential risk to vegetation.
Ihigher ozone concentrations in the eastern part of
Lithuania could be one of the reasons why more visi-
ble ozone mjurics were found in this part of the coun-
(ry comparing to the western part, where almost no
symptoms were recorded.

However, it 1s widely recogniscd, that plant re-
sponsc 1s actually more closely related to the internal
ozone dose, i.c. the ozone taken into the plant through
the stomata, which in turn depends on a variety of
ccological factors (Skdrby ef af. 1998, Zierl 2002, de
Vrics et «fl. 2003). The summer of 2002 in Lithuania
distinguished by rather high air temperature and lack
of precipitation espectally in August, In the biggest
part of the country the meteorological conditions were
defined as dry (LHT 2002). These factors are favour-
able for ozone formation (Innes ef «f. 2001), however
they arc unfavourable for stomata opening and thus
lor ozone uptake (Skdrby er al. 1998, Zierl 2002). There
arc some cvidences that plants growing in drought
condilions showed Jess visible ozone symptoms than
those in normal conditions (Skirby et al. 1998, Vol-
lenwetder ef al. 2003). In the future, it 1s important to
link the data on ambient air quality and ozone effects
(de Vries et al. 2003).

The tolerance of species to ozone is another im-
portant factor. It is not surprising that most of the
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injuries were recorded on Rubus idaens L. According
to the literature (Skelly e af. 1987, Inncs ¢t al. 2001,
Sanz et al. 2001) Rubus spp. is indicated as onc ol
the most scnsitive species and as a possible bioindi-
cator. In 2001 during the CU/ICP Forests programme
test phase of monttoring ozone-induced injurics ot
Intensive monitoring plots (UNECE and EC 2003) Ru-
bus spp. as well showed up to be one of the most
affected specices.

in 2002, out of the total number of established 25
LESS in Lithuania, ozone symptoms were observed on
one or more species in 10 LESS (40%). In 2001 LESS
were established in Austria (1), France (10), Germany
(16), Greeee (4), Haly (8), Spain (10), Switzerland (15),
and the Slovak Republic (3) and vegetation screened
according to the sensitive species list for ozone inju-
ry. Table 3 gives an overview of the specics showing
symptowms on the LESS observations for the year 2001
in Curope. Out of the total number of 67 plots in which
LESS had been cstablished, ozone symptoms were
obscrved on one or more speeies in 37 LESS (55%),

Table 3. Species showing ozone injury on light exposcd
sampling sites m Europe, 2001 (de Vries ef al. 2003)

Total | Foral
N of N of
N Species Conntry plots | Species Country phaty
showing L showing
wrone arane
| injory | injury |
I | Acer canpentie Switzetland | 1 : Trance 2
— - 4('ll|.I|:I_ 1 —
| _I_ IH..J'IH 1 l'..-.'m
| 1 s reniola Swilzet Ll
2 | 35| Proms e “Swilzetlal | |
| Switzerdand | T 1736 | Prunws spimosa | Switzerbuwd | 4
France, 2 37| Rabina Switzetlad | |
Switzer bl Peudiacacia
| Frame | | 38| Fsa canina__ y
| .‘||.'_‘| i 1 _“fm 1 = {
[Termany |1 |90 | Rubus frocticosus | e
Switzerhumd | 4 AU | Rubus idacus
[ Ihaly i 32| Rubas sy T
12 ||:.I_/ [ N il I
13 [ Cornus sanguinen Swatzerlumd | 4 4 | Slix capren
13 | Corylus avellamn | Feance |a 45 | Salix .
) Sw
[H 5w ~ 3 |
16 | Crataepus nimgyna a7

17| Cratacgus uxymanthia

RIS
% 4" Bw 1wl |
19 |1 13 S0 Switzerlaml | 2
20| Framgula alis T sl Switzet Tl
2 ot e xeelung ] 82 Gretnny |

|3 i 5
1} 1)1 5
| i 35
I i 56
26 1 | 87
o} Lamicern xyboslemm switzerlml | it C i Swatzerlund

| | ]yt
M| Ocncllera Micupis Swatzetlaul | ] 89 Switzethand |1
|

| 3 | Picea e landaina | Swikzerlusl

| R0 s laleperisis Vilursum opulus | France 2

Switzet Ll
W | i sylvesin

whereas at 30 LESS no ozone injury was found. Many
of the species registered with ozone symptoms were
nol known to be ozone sensitive before (18 out of 61).
Especially in Switzerland, surveys were carried out
very intensively, showing the highest density of plots
as well as species with ozone njury (de Vries et al.
2003). The assessmenl of ozone injury has to be con-
stdered as the first phase to implement a unique ef-
lects monitoring system on a [uropean scale, based
on validated field observations (UNECE and EC 2003).

In order to make detailed reliable conclusions more
precise nvestigations and assessment should be car-
ricd out. In further investigations the influence of the
lack of expericnce should be climinated as well. The
data presented here have thereforc a rather limited
valuc and the evaluation has to be considered as pre-
liminary. However, 1t shows that in the near future the
problem ol ozone cffects on forest vegetation will have
to be investigated in detail.

Conclusions

I. For the [irst time visible vzone-like injuries were
found in Lithuanma. They are the first ozone-induced
vegelation damage symptoms in Castern Europe as
well.

2. Ozone induced leal injuries were recorded on
10 Light Exposed Sampling Sites (40% of sites inves-
figated).

3. The rate of injured Rubus idaeus L., Alnus in-
cana L., Salix caprea L. and Frangula alnus Miller
plants varied from | to 15% per LESS.

4. Morc visible ozone mjuries were found in the
eastern part of Lithuanta, where higher tropospheric
ozone concentrations werc recorded.
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BU3YAJILHO ONPEJEJSAEMBIE HOBPEXIEHUS JIMCTBBI O30HOM B JIUTBE

P. Ozonunnyioc, b. Cepadunasunuiore

Pesiome

HMaciieriosanus nposo,tuiucek B8 2002 1. Ha 25 oTKpBITLIX K conHuy mpobueix nnowankax (OCTIIT), pacnonoxeHHbx 0o
Beeit tepputopun JIutsel (ceth 52x52 km). OCIIIT 3amoxens! no esponeickoi MeToanke mounTopunra necos ([CP-Forests).
Ha xaxno#t OCIIIL npu 0NO3HOBAHWM CHMIITOMOB MTOBPEXKICHHH HCION30BAH NPEANMMHHAPHBINA CIMCOK TyBCTBHTC/ALHBIX K
TpomochepHoMy 030HY BHAOB pacTeHuil. Crivcok BKioyaer 30 BUAOB /(CPEBBEB H KYCTAPHHKOB U |5 BHIOB TPABAHHCTHIX
pacreritf. CuMITOMBI O30HHBIX TOBpeXIEHUT OpUTH HaljlcHbl Ha Rubus idaeus L. (6 OCIII), Alnus incana 1.. (3 OCIILL),
Salix caprea L. (2 OCIUIL) u Frangula alnus Miller (2 OCTIIT). KomnuecTso nospexanuusix pacreHuit ka OCTII cocrasiio
1-15%. Haubonswas vacts OCIII], e 3aperdcTpupOBaHbl CUMITOMDI MOBPEXIEHHH, PACMOJOXKEHBI B BOCTOYHOH YacTH
Jlnreel, 3peck 3aUKCHPOBAHBL H HaHOOIBIIVE KOHUEHTPALUMH TPONIOC(HEPHOTO 030HA.

CHMOTOMEI O30HHBIX MOBPEXAEHMUH 3apeTHCTPHpPOBaHbl B JIUTBE RIlepBEIE. MX Takke MOXHO CUMTATh MEPBEIMM H B
Boctouno# Espone. D10 CBHACTCIBCTBYCT O TOM, HYTO HaXE B PErHOHAX CO CPaBHHUTCIBIO HCBLICOKHMH CPCIHUMH
KOHUEHTPaUMAMH TPONOCHEPHOro 030Ha Ha NHCTHAX PacTelnil MPOSBNAOTCA CHMITOMBI €r0 MOBPEKACHHIT,

Kuiouessie ciosa: TponocdepHLIf 030, CHMNTOMb! [TOBPEKICHHUH, IeCHAS PACTHTENBHOCTS
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