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This article analyzes species diversity in experimental plot which
located on special health protection zones of industrial company inthe
city of Dnipro. The aim of this research was to investigation the
influence of anthropogenic emissions on plant distributing by their
height, diameter of the bole and phytosanitary condition. The woody
plantation requires reconstruction

Sanitary protection zone, plantation, species diversity,
phytosanitary condition

During recent decades, the problem of contamination of the
environment with antropogenic pollutants became more and more
actual in modern megalopolises all over the world. Due to
increase in output production the level of air pollution in
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technogenically transformed areas with industrial emissions is
constantly rising [2, 21, 22]. The city of Dnipro is one of the most
heavily industrialized regional centers exposed to high
anthropogenic loads attributable to the facilities of the
metallurgical, machinebuilding, chemical and other branches of
industries. In such conditions there is a high rate of emissions per
unit of the urban area [16]. In consequence of industrial activity
of factories considerable quantity of harmful substances was
founded in atmosphere. Fluorides, chlorides, gaseous sulfur
compounds and nitrogen oxides are the most dangerous emission
components [19, 23].

Greenery has a significant role to offset negative influence
of industrial estates or affect the environment [3,5]. Thus special
health protection zones are established. They provide plots with
the specific regime of using and the amount of which makes it
possible to reduce negative influence to environment to levels
which are accepted by international standards [11].

Each industrial company should be surrounded by health
protection zones, which have been established according to the
standards [18].

They decrease the level of atmospheric air pollution, noise
levels, and ensure the comfort of the climate [7, 17]. Green plants
in the territories of industrial sites and sanitary protection zones
improve the esthetic view of the space and serve a decorative
function [9]. To effectively implement the sanitary protection
zone of these functions, sufficient diversity of the tree species of
plantations and its ecological compliance with the conditions of
growth, stability to the airport of a particular manufacturing plant
IS necessary.

Under the influence of components of industrial emissions,
accelerated aging of individual systems of the plant organism
occurs [8], which is accompanied by changes in the activity of
enzymes, damage to cells and organs [24], which reduces the for
environment [4, 6, 13, 14]. Periodic monitoring of the species
composition and life status of the plantings of the sanitary
protection zone of the sanitary protection plantings is necessary
for the development of recommendations for the reconstruction
of the plantings.
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The purpose of the present study was to determine the
species composition and the vital condition of the tree planting of
the sanitary protection zone of «Biosphere Corporationy.

Materials and Methods

The investigations have been carried out in woody planting
of the sanitary protection zone of «Biosphere Corporation»which
was located in the city of Dnipro. Total area of the health
protection zones according to the standards is 5.35 ha. The site
where the facilities of «Biosphere Corporation» are located,
borders with Prydniprovsk Repair and Mechanical Plant which
has a section ofopen-hearth plant and workshop assembly.

Prydniprovsk TES is located in the remote area, about 3 km
away from the «Biosphere Corporation». The area of sanitary
protection zone of the above-mentioned industrial facility has a
length of 240 m from the north and 223 m from the east, width is
about 250 m.

Throughout the area of the sanitary protection zone there are
tree stands. The study area of the sanitary protection zone was
nominally divided into two sites. The first one is directly adjacent
to the buildings of the enterprise, the second one is located across
the road.

On the first site trees were planted by single plantations at a
distance of 4-5 m from each other.

In the rows of the Chinese poplar (17 spc.) which grows
along the alley to the main entrance, large gaps between the trees
(9-14 m) are noted due to the dead trees. Further in the alley
there are ordinary plantings of horse-chestnut (13 spc.) — 100 m
and large-leaved linden (25 spc. ) — 100 m. At the end of the main
avenue there is a gap (65 m) in front of the administrative
entrance. Further — ordinary plantings of Chinese poplar — 78 m
(15 spc.) and white poplar— 60 m (12 spc.).

The second site is a small forest area with a dense stand and
a large number of poles. The main emissions of the plant are
sulfuric anhydride (SO;) and nitrogen oxides (NO and NO,).
These substances are spread by air and negatively affect the state
of plants.

The research was carried out in accordance with generally
accepted methods on the basis of research and requirements for
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the registration of plantings. The inventory was carried out in
accordance with the requirements of the «lInstructions for the
technical inventory of green plantations in cities and towns of the
urban type of Ukraine» [15]. The species composition of the
dendroflora was determined by backgrounders [10, 12]. The
diameter of the trunk was determined in centimeters at a height of
1.3 m from the root neck with a fork (measurement accuracy =+
1 cm). The height was measured with the altimeter «Suunto».
The degree of damage and damage to leaves on the scale is
visually determined [20].

Results and discussion

In total, 1103 woody species were recorded in sanitary
protection zone. Deciduous treewere dominants and comprised
56.21 % of all numbers of trees whereas coniferous plants were
43.79 % respectively. The species composition of trees included
11 family (Betulaceae, Aceraceae, Bignoniaceae, Fabaceae,
Fagaceae, Juglandaceae, Hippocastanaceae, Pinaceae,
Salicaceae, Tiliaceae, Ulmaceae) and 15 woody species
european white birch (Betula pendula Roth.), white willow (Salix
alba L.), Chinese elm (Ulmus parvifolia Rupp.), Persian walnut
(Juglans regia L.), petiolate oak (Quercus robur L.), smoking
bean (Catalpa bignonioides Walter.), Norway maple (Acer
platanoides L.), horse chestnut (Aesculus hippocastanum L.),
large-leaved linden (Tilia platyphyllos Scop.), black locust
(Robinia pseudoacacia L.), blackpine (Pinus nigra ssp.
Pallasiana), white poplar (Populus alba Torr.), Chinese poplar
(Populus simonii Carriere), black poplar (Populus nigra L.),
white spruce (Picea glauca (Engelm) (Tab. 1).

We found out that large number of species belong to the
familySalicaceae (four species) and to the family Pinaceae (two
species). It must be noted that another families are representated
only by one species.

According to the data obtained, it was reasonable to rank the
families in following order of decreasing of specimens number:
Pinaceae > Salicaceae > Betulaceae > Fagaceae > Tiliaceae >
Hippocastanaceae > Fabaceae > Aceraceae > Juglandaceae >
Ulmaceae = Bignoniaceae. Our data suggest that Pinus nigra
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ssp. Pallasiana is represented by the largest number of specimens
(476 spc.) and was 43.15 % of the total specimens number.

Table 1 - Species composition of planting in a
sanitaryprotection zone of the «Biosphere Corporation»

Total 0
Species number, /° of the total Nat./in.
specimens number
spc.
1 2 3 4
Division Gymnospermae
Family Pinaceae
Pinus nigra ssp. .
Pallasiana 476 4315 n.
Picea glauca (Engelm) 7 0.64 in.
Division Magnoliophyta
Family Betulaceae Gray.
BetulapendulaRoth. | 40 | 3.63 nat.
Family Bignoniaceae Juss.
Catalpa bignonioides .
Walter 1 0.09 in.
Family Fabaceae Lindl.
Robinia psLeudoacama 19 172 in
Family Fagaceae A.B.R.
Quercus robur L. 30 2.72 nat.
Family Salicacea Lindl.
Salix alba L. 15 1.36 nat.
Populus alba Torr. 291 26.38 in.
Populus nigra L. 50 4.53 nat.
Populus_3|mon|| 94 8.5 in
Carriere
Family Ulmaceae Mirb.
Ulmus parvifolia 1 0.09 in
Rupp.
Family Hippocastanaceae Torr.et Grey
_ Aesculus 20 1.81 in.
hippocastanum L.
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Continuation of Table

1 | 2 | 3 | 4

Family Juglandaceae Lindl.

Juglans regia L. ‘ 7 ‘ 0.64 ‘ in.

Family Aceraceae Lindl.
Acer platanoides L. l 27 l 2.45 | nat.
Family Tiliaceae Juss.
Tilia platyphyllos 25 297 nat.
Scop.

Total: 1103 100

Note: in. — introduced species, nat. — native species

Second highest in terms of quantity was Populus alba which
comprised 26.38 % (291 spc.) of the total numberof specimens.
Populus simonii was quite widespread species in the study area
and the amount of trees equals 8.52 % (94 spc.). The amount of
other species is less than fifty pieces. In the sanitary protection
zone only five species were native — Betula pendula, Acer
platanoides, Quercus robur, Populus nigra, Salix alba. Their
amount was 14.68 % of the total amount of trees. The number of
introduced species (Pinus nigra ssp. Pallasiana, Aesculus
hippocastanum, Juglans regia, Ulmus parvifolia, Tilia
platyphyllos, Robinia pseudoacacia, Populus alba, Populus
simonii, Picea glauca) was 85.31 % the total amount of trees.

We investigated distribution of plants by their height and
found out that the highest number of specimens was 42.17 %
(275 spc.) (category of trees 4-5.9 m). Species of this category
were ranked in decreasing order of the number of specimens:
Pinus nigra (148 spc. — 53.81 %), Populus alba (84 spc. —
30.54 %), Tilia platyphyllos (17 spc. — 6.18 %), Salix alba (8 spc.
— 2.90 %), Populus simonii (8 spc.— 2.90 %), Populus nigra
(4 spc. — 1.48 %), Aesculus hippocastanum (3 spc. — 1.11 %),
Picea glauca (1 spc. — 0.37 %) (Fig. 1).

Our results show that the least number of specimens was
made up 0.31 % (2 spc.) (category of trees 18-19.9 m). Only one
speciesin this category has been found (Pinus nigra). The highest
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trees in sanitary protection zone were Pinus nigra in category20—
21.9 m (3 spc.).

@4-59
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B14-159
B816-17.9
218199
820-21.9

2135

Figure 1 — Distribution of trees by their height in a sanitary
protection zone of the «Biosphere Corporationy, %

The analysis of plants by the diameter of the bole indicated
that the largest group were trees of category from 6 cm to 9.9 cm
(Tab.2). Their number was 35.95 % of the total amount of trees
and equaled 229 spc. This category was represented by Pinus
nigra (140 spc. — 61.13 %), Populus alba (64spc. — 27.94 %),
Populus simonii (3 spc.— 1.31 %), Populus nigra (6 spc. —
2.62 %), Picea glauca (4 spc.— 1.74 %). According to the data
obtained the least number of specimens were in category from
70 cm t073.9 cm (2 spc. of Populus alba) and in category from
78 ¢cm to 81.9 cm (1 spc. of Populus alba and 1 spc. of Salix
alba).

It is known that tree condition and current quality are
important indicators of viability of green plantings. All woody
plants were studied in accordance with the scale of phytosanitary
conditions [20]. The health conditions of trees assessed the
situation are the following: O points were given to trees without
damage and perfectly healthy, 1 point was given to moderately
damage plants, 2 points were given to the trees with medium
damage, 3 points were given to badly weakened plants, 4 points
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were given to severely defoliated plants, 5 points were given to
dead-wood of this year’s and 6 points were given to dead-wood
of previous years. Our data suggest that 130 specimens of Pinus
nigra were in category with 0 points; it comprised 20.75 % of the
total amount of trees on sites and 50.78 % of the numbers of this
specimen (Tab. 3).

Pinus nigra is tolerant to stress climate and soil conditions.
Our results show that pine needless of trees were intense green
and annual increment was normal. However, others trees of this
species which belonged to another group of vitality conditions
were damaged by stem wood diseases, pests (carpet beetles) and
high level of stem damage.

We registered ooze of gum due to damage of the bark.
Vitality category | includes 203 specimens of trees (31.86 %).
Among these species more than 40.0 % represent Salix alba,
Robinia pseudoacacia, Populus alba, Populus simonii, Picea
glauca. Category Il is composed of 164 trees (25.74 %), I —
91 spc. (14.28 %), IV — 39 spc. (6.12 %), V — 9 spc. (1.42 %), VI
— 3 spc. (0.47 %). We found out that all members of these species
are affected by pests. Our data suggest that brown spot, black
spot and white spot damaged Populus alba, Acer platanoides and
Populus alba respectively. Tilia platyphyllos was affected by
linden gall midge. The worst condition is of Aesculus
hippocastanum due to significant percentage of leaves tissue
damaged by the horse-chestnut leaf miner. Apart from the
diseases and pests the phytosanitary condition has been
influenced by such factors as withered branches (341 trees), dry
top of a tree, damaged by frost, hollow and defective trees. More
withered branches had Pinus nigra and Populus alba. The dry top
of the tree observed in 131 trees. These species were Betula
pendula, Salix alba, Robinia pseudoacacia, Populus alba and
Populus simonii. The most affected was Populus simonii (90 spc.
and 68.70 % of all trees in this category). Hollows had only two
species: Betula pendula (1 specimens) and Populus nigra (2
specimens).

Thus, according to calculations by the formula [1], the
planting in sanitary protection zone had are moderately
weakened.
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Table 2 — Distribution of woody plants in a sanitary protection zone of the «Biosphere Corporation» by the
diameter of the bole

. Diameter, cm
Species 2-9.9 10-17.9 | 18259 | 26-339 | 34-41.9 | 42-499 | 50-57.9 | 58-65.9 | 66-73.9 | 74-81.9
Betula pendula - 2/28.57 - 2/28.57 3/42.86 - - - - -
Salix alba 8/61.54 - 1/7.69 2/15.39 - — 1/7.69 — — 1/7.69
Aesculus - 19/95.00 - 1/5.00 - - - - - -
hippocastanum
Acer 2/18.18 2/18.18 4/36.36 3/27.27 - - - - - -
platanoides
Tilia 2/8.00 17/68.00 6/24.00 - - - - - - -
platyphyllos
Robinia - 5/33.33 3/19.99 1/6.66 6/39.99 - - - - -
pseudoacacia
Pinus nigra 156/60.94 63/24.60 12/4.68 15/5.86 3/1.17 - 1/0.39 6/2.34 - -
Populus alba 83/48.53 27/15.79 11/5.94 12/6.53 13/7.59 11/5.46 6/2.05 2/0.68 5/1.72 1/0.34
Populus simonii 11/11.70 4/4.26 4/4.26 - 1/5.55 19/20.22 | 10/10.63 4/4.25 - -
Populus nigra 7/38.88 6/33.33 2/11.11 - 1/5.55 1/5.55 1/5.55 - - -
Picea glauca 4/57.15 3/42.85 - - - - - - - -
Total, (spc., %): | 273/42.86 | 146/22.91 | 43/6.75 | 56/8.79 | 48/7.53 | 31/4.86 | 19/2.98 | 16/2.51 5/0.78 2/0.31

Note: numerator — number of trees, spc., denomirator — % of the total amount of specimens




Table 3 — Distribution of woody plants by phytosanitary condition
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Species Category of conditions (point) Total
amount
0 | 1] 11 1\ V VI
Betula pendula - 3/42.86 - 2/28.57 2/28.57 - 1/42.86 7/100
Salix alba - 11/92.32 1/7.69 - 1/7.69 - - 13/100
Aesculus - - - 13/65.00 4/20.00 3/15.00 - 20/100
hippocastanum
Acer platanoides - 7/60.00 1/10.00 3/30.00 - - - 11/100
Tilia platyphyllos - - 23/92.00 1/4.00 1/4.00 - - 25/100
Robinia - 3/20.00 1/6.67 9/20.00 2/13.33 - - 15/100
pseudoacacia
Pinusnigra 135/50.78 53/20.70 45/17.57 14/5.46 9/3.51 3/1.71 - 256/100
Populus alba - 71/40.93 80/46.78 10/5.84 7/4.09 3/1.57 2/0.78 171/100
Populus simonii - 25/45.74 18/6.40 32/34.04 13/13.82 - - 94/100
Populus nigra - 3/16.66 8/44.44 7/38.88 - - - 18/100
Picea glauca - 7/100 - - - - 7/100
Total: 135/21.19 183/28.73 177/27.79 91/14.28 39/6.12 9/1.42 3/0.47 637/100

Note: numerator — number of trees, spc., denomirator — % of the total amount of specimens
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Conclusions:

Our research shows that:

1. The species composition of plantation in sanitary
protection zone of the «Biosphere Corporation» in the city of
Dnipro includes 15 species in quantity of 637 specimens among
which 56.21 % were deciduous trees and 9 introduced species
(85.31 % of all numbers of plants). Especially great amout is
represented by the family Pinaceae (483 spc.) and the least
amount belongs to the families Bignoniaceae and Juglandaceae.

2. It was found out that the main diameter of the trees bole
ranged from 2 cm to 9 cm and main plant height ranged from 4 m
to 6.0 m. The largest group of the trees by diameter of the bole
included plants category from 6 cm to 9.9 cm (42.86 % of the
total specimens). Thus, 43 % of planting had height from 4 m to
5.9 m and only 3 specimens had height of 21 m.

3. The prevailing amount of tress in sanitary protection zone
were moderately weakened (28.73 % of all numbers of
specimens). These group included more than a half of the
specimens Salix alba and Acer platanoides. Trees without
damage and perfectly healthy included 21.19 %, badly weakened
plant included 14.28 % and dead-wood of last year included
1.89 % from total amount of plants.

4. The design of green plantations of the sanitary protection
zone of the «Biosphere corporationy is satisfactory, but it needed
reconstruction in order to increase the environmental cleaning
role.
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PIBHOMAHITTA JEHAPO®JIOPU CAHITAPHO-
3AXHUCHOI 30HU NIJAIPUEMCTBA «BIOC®EPA» Y m.
JTHIITPO, YKPATHA
becconoea B. IL., /Iocuzan O. I1.

JIninpoecokuil depircasnuil azpapro-eKOHOMIYHUT
YHigepcumem
elenapriymak@ua.fm

JlocaipkeHO BHJIOBHMM CKIIAJ Ta JKUTTEBUM CTaH 3€JICHUX
Haca/DKEHb Y  CaHITApHO-3aXUCHIM  30HI  MiAIPUEMCTBA
«biochepay M. [Quinpo. 3arajibHa IUIOIIA CaHITAPHO-3aXHUCHOI
30HU cknamana 5,35 ra. JocmimkyBana Tepuropis Oylia yMOBHO
po3niieHa Ha aBi autsHky. [lepma 6e3nocepeHbo mpusaraia o
3a0y0B  MiANPUEMCTBA, Jpyra — pO3TAlllOBaHA  Yepes3
aBTOMOOUTEHY gmopory. Ha pminsgHimi 1 nepeBa BHCaIDKeHi
PSAIOBUMHU TOCaJIKaMH Ha BijcTaHi 4—5 M OJHE BiJ OIHOTO.
Hinssuka 2 siBjise  COOOK  HEBEJMKHIM  JIICOBHMH  MAacCHB.
HacakeHHs UIiIBHI, BIAMIYAEThCS BEJIMKA KUIBKICTH HIJAPOCTY.
l'onoBHUMHU BUKHIAMHM JaHOTO TIANPHEMCTBA € CipyaHHA
aHrigpua Ta okcuan asory. OONIK HacaKeHb MPOBOIMIN 32
3araJIbHONPUHHATUMH METOIUKAMHU.

Y canitapHo-3axucHi 30HiI 3poctae 1103 ex3emmsipu
JepeBHUX TOpia. 3 HuX XxBoWHUX 483 mT. (43,79 %), MuCcTAHUX —
620 mT. (56,21 %). BumoBuii ckiam mpeacrtaBieHui 11-ma
pomuHamu Ta 15-ma Bujgamu. HaiiOinmeima KiuTbKicTh BUIIB
HaJIOKHUTH 10 poaunu Salicacea (26,7 % Bix 3aranbHOI KiTBKOCTI
BUIB). BcTaHOBIEHO, 1110 HAWOLIBIITY KUIBKICTh €K3EMILIPIB 3a
PO3MOIIIOM POCIIMH 3a BHUCOTOK Ma€ KaTteropis 4-59 M —
275 mr. (42,17 %). HaiiMenmry KinbKicTh Mae kateropis 18—
19,9 M, mo ckimamae 0,31 % Bix 3arajibHOI KIJIBKOCTI JEpeB, 1
npe/ICTaBjIeHa JIMIIe OJHUM BHIOM — Pinus nigra.

BusiBiieHo, 110 HaWYHMCICHHIIIOW € TpyHa POCIUH, TiaMeTp
mTaMO0y SKUX KOJTUBAETHCA BiJ 6 10 9,9 cMm. Ix umco JTIOPIBHIOE
229 mrT., mo craHoBUTh 35,95 % BIiO 3araJpbHOTO YHCIHA.
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HaiimeHIIoo KibKICTIO TPEACTABJICHI JepeBa 31 3HAYCHHSIMH
OO MoKa3Huka Bix 74 mo 81,9 cm (0,31 %).

BcranosiieHo, Mo mepeBaXkHa KiIBKICTh JAEPEB CaHITapHO-
3aXMCHOI 30HM € MOMipHO ociabineruMu — 28,73 % momo ycix
ex3eMIuIsApiB. [loHaa M’ ATAECAT BiJICOTKIB TAKHUX JICPCB HAJICKATH
mo sumiB Salix alba ta Acer platanoides. Pocnuau 6e3 o3Hak
ociabienHs ckiagaroTh 21,19 % Big iX 3araabHOi KITBKOCTI,
cwiIbHO ociabiienux — 14,28 %. Jlo cyxocroro Hanexats 1,89 %
JiepeB.

KoHcTpykinis 3emeHnx HacapKeHb CaHITapHO-3aXHUCHOI 30HH
kopropamnii  «biocdepay moTpedye PEKOHCTPYKII 3 METO
MIiJBUIICHHS X CEPEO0UUIIAIY0T PYHKIIIT,



