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FORMATION OF THE LUPINE NARROW-HAIRED SYMBIOTIC
POTENTIAL DEPENDING ON THE CULTIVATION TECHNOLOGY
ELEMENTS

Abstract. The influence of sowing terms, seed sowing norms and fertilization on the
process of tuber bacteria formation on the root system of lupine plants is analyzed. The
dynamics of lupine symbiotic potential depending on these factors is investigated. As it was
found, the number and weight of tubers on this plant was different both in the vegetation phases
and on sites fertilized and non-fertilized by mineral fertilizers. The most favorable conditions
for the formation of the symbiotic apparatus of lupine are created mT April, with the norm of
seeding 1.1 million seeds per 1 hectare, as well as for the application of mineral fertilizers in the
norm PgKgy. The introduction of nitrogen fertilizers in the norma 60 and 90 kg/ha of the active
substance had an inhibitory effect on the formation of the symbiotic productivity. Consequently,
the most favorable conditions for mineral nutrition for forming the maximum number of tubers,
including active ones, during the vegetative period of lupine, are created by adding phosphoric-
potassium fertilizers at the rate of PsKoqy and the administration of two extra-root feedings.

Keywords: symbiotic potential, sowing terms, seed sowing norms, total number of tubers,
number of active tubers, total symbiotic potential, active symbiotic potential.

INTRODUCTION

In the conditions of the energy crisis, the high cost of mineral and deficit of organic
fertilizers, the decrease in soil fertility is observed, thus, the development and use of crop
rotation, agricultural systems with a deficit-free balance for humus and nutrients are highly
important today [36]. The listed causes, as well as the deficiency of vegetable protein, cause
increased interest in legumes [12; 67]. Unfortunately, they account for only about 3% in the
crops structure in Ukraine (with other legume crops - 7-8%), and about 20 - 25% or more in
global agriculture [146; 147]. One of the undeservedly forgotten crops, which should occupy a
proper place in the agricultural production in our country, is lupine narrow-leaved [9; 25; 37;
38]. It is high-protein, yielding seed and green mass culture, which is unpretentious to the
weather conditions [8; 53; 202]. Lupine is considered not only as a high-protein culture for
Precarpathian, but also as a factor of energy conservation and agriculture biologization, an
inexhaustible, constantly renewable source of organic matter [17; 18; 79; 80].

This crop is poorly developed in the Carpathian region, and there are practically no
scientific research devoted to the development of of the technology elements for its cultivation.
This became the motivation to study the influence of sowing terms, seed rates and fertilization
on the growth and development of plants, their formation of symbiotic activity indicators, crop
yields, and quality of lupine seeds.



MATERIALS AND METHODS

Experiments were carried out on sodskin-podzolic surface-gleyled medium-sandy soils of
the feed-production laboratory of the Institute of Agriculture of the Carpathian region (Lishnia,
Drohobych district, Lviv region

According to our soil survey, the arable (0-20 cm) layer of soil on the experimental field is
characterized by the following agrochemical fertility indices:

1) humus content of (by Tyurin) — 2.2%. The supply is low;

2) hydrolytic acidity (by Kappen) — 3.87 — 4.05 mg.equivalent / 100 g of soil;

3) pH of salt — 5,2 (slightly acidic);

4) easilyhydrolyzed nitrogen (by Tyurin) — 35-38 mg / kg of soil. The supply is low;

5) mobile phosphorus (by Kirsanov) — 71 — 112 mg / kg of soil. The supply is low;

6) exchangeable potassium (by Maslova) — 113 — 130 mg / kg of soil. The supply is moderate;

7) the degree of saturation with the bases — 46.7%.

Description of the soil section at the experimental site:

He (0 — 24) — humus-eluvial horizon, gray, loose structure.

E(g (22 — 44) — eluvial, light gray, dense, lamellar structure. There are iron-manganese
nodules in the form of peas and a few roots. The transition to the next horizon is gradual.

Loy (44 — 74) — Iluvial horizon of grayish-brown color, heavy loamy with iron-manganese
inclusions, strongly condensed, slightly water-permeable. There are only separate walk of
worms and roots in it.

pen (160 cm and more) - a soil-forming rock - deluvial loam of brown color, a deep
structure, less dense comparing the illuvial horizon.

Schemes of two experiments included the following factors: in an experiment with the
study of the of sowing and seeding norms of lupine seedlings — factor A — the sowing time:
sowing April 5 (K); sowing April 15; sowing April 30; factor B — sowing norms: 0.7; 0.9 and
1.1 million germinated seeds per 1 hectare in an experiment with fertilizer — Factor A —
fertilizer — without fertilizers (K); PgoKoo; NeoReoKoo; NogPsoKogp; Factor B — foliar nutrition by
Vauxal Microplate — without feeding (K); one feeding; two feedings.

The experiment replication is four-time, the placement of variants is systematic in two
tiers. The accounting area of the experimental plot is 25 m?, the total area is 43.5 m”.

The number and weight of tubers, total and with hemoglobin, the total and active
symbiotic potential were determined by the method of G.S.Posypanov [23].

During soybean cultivation on the experimental site, common agrotechnics for this zone
were used.

DISCUSSION

Studying the features of the formation of the lupine symbiotic apparatus, we paid special
attention to such indicators as the time of tubers appearance on the plant roots, the appearance
of active tubers, their decay, as well as the number and weight of tubers depending on the
technological cultivation methods.

Our observations on the formation of the narrow-leaf lupine symbiotic apparatus showed that
the seedlings and the norms of mineral fertilizer application significantly affected this process.

At the same time, the fastest tubers appeared for the sowing of narrow-leafed lupine in the
early term. After the germination, they appeared on day 7, while for the average seeding time —
in about 8 — 9 days, and for sowings in the late term — in 10 days after the germination.

Regarding the influence of the mineral fertilizers norms, the fastest tubers appeared on the
experimental variants without the use of mineral fertilizers and on sites containing phosphoric-
potassium fertilizers at the rate of PsKgy (11 days after the germination). The addition of the



same mineral nitrogen at a dose of 60 and 90 kg / ha against the background of phosphoric-
potassium fertilizers PgKoo delayed the tubers formation for 3 — 4 days. Accordingly, the tubers
appeared about 13 to 14 days after the germination.

The effectiveness of airborne nitrogen absorption by leguminous cultures depends on the
activity of tuberous bacteria residing on the roots of plants and which, in turn, are divided into active,
slow-acting and inactive. It is known that the tubers become pink during the optimal activity, due to
the presence of a pigment leggemoglobin [213]. We have found that for sowing lupine early on the
pink color of the tubers appeared already for 6-7 days, for sowing in the middle term - for 5 - 6, and
for sowing in the late - 4 days after the appearance of the tubers. The appearance of pink tubers and,
respectively, nitrogen fixation was delayed for 5 — 7 days in the experiment with the introduction of
mineral fertilizers in the normal NgyPsoKgo and NggPeKgy compared to the plots without introducing
full mineral fertilizers and with the introduction of PgKyg,.

An important element in controlling the dynamics of the symbiotic apparatus formation in
lupine plants is the determination of the number and mass of tubers. We have found that the indices
of the number for both common and active tubers on a single lupine plant varied depending on the
phase of growth and development, sowing dates, seed sowing norms, mineral fertilizer norms, and
extracorporeal feeding by Wuxal Microplanter. In particular, the highest number of common and
active tubers during the growing season was formed on plants of early sowing date (Table. 1).

Table 1
Dynamics of the number of lupine tubers depending on the vegetation phase, sowing times
and seed sowing norms, pc./ plant

Period | Seed sowing Vegetation phases
of norm, branching anthe beginning of seeds physiological
sowing | million pcs/ sis filling ripeness
Factor ha _ ) _ ) _ ) _ )
A Factor B *g % *g = *g = *g =
= < = < = < = <

0.7 (K) 184 | 9.2 | 348 | 17.1 40.5 20.4 37.0 18.1

April 5 0.9 203 [10.1[36.1]188 [ 414 22.2 38.8 19.6
1.1 224 [ 12.1 381204 464 23.4 43.1 21.1
Average for the period | 20.4 | 10.5 | 36.3 | 18.7 42.7 22.0 39.6 19.6
0.7 164 7.6 [29.1[150] 334 17.4 31.0 14.9
April 15 0.9 173 ] 8.6 [313]165] 353 19.2 33.5 16.6
1.1 18.7] 98 [329]179] 375 21.0 35.3 18.0
Average for the period | 17.5 | 8.6 |31.1 | 16.5| 354 19.2 33.3 16.5
0.7 128 6.6 [259]13.0] 305 15.6 26.3 13.4
April 30 0.9 145 68 [276]148]| 317 16.5 29.2 15.4
1.1 155 | 8.0 | 284|157 | 349 18.2 30.6 16.4

Average for the period | 18.5 | 7.1 | 27.3 | 14.5 324 16.7 28.7 15.1

LSDys, pcs./plant A 1.81 | 0.44 | 1.26 | 0.64 0.92 0.62 0.99 0.58
B | 1.81 044 | 1.26 | 0.64 0.92 0.62 0.99 0.58
AB |3.14]10.76 | 2.19 | 1.10 1.59 1.07 1.72 1.01

These rates were significantly lower for sowing lupine in the middle, and especially in the late
period. Thus, the total number of tubers in the early stage of sowing in the branching phase was
184 - 224 pcs. per plant, including active ones - 9.2 - 12.1 pcs. per plant; for the average,
respectively, 164 - 18.7 and 7.6 - 9.8 pcs. / plant, and in the late stage - 12.8 - 15.5 and
6.6 - 8.0 pcs / plant, respectively. A tendency to increase the total number of tubers and their active
part with an increase in the seed rate from 0.7 to 0.9 and 1.1 million pcs./ha was also admitted. Thus,




the largest total number and the number of active tubers formed during the sowing of lupine narrow-
leafed in the early period was with a seeding rate of 1.1 million pcs./ha.

Accumulation of both common and active tubers on the root system of lupine narrow-
leaved plants continues in the flowering phase and reaches a maximum in the phase of the seeds
filling. The number of tubers had high absolute values, and only slightly decreased in the phase
of seeds physiological maturity. Thus, the number of common tubers in the phase of seeding
was 40.5 in control, and 37.0 units per plant in the phase of physiological maturation; the
number of active tubers was respectively 20.4 and 18.1 pc / plant. The noted tendency was seen
in all versions of the experiment, regardless of sowing period and sowing norm (Fig. 1).

active

branching anthesis  seeds filling physiological

Phases of growth and development
Fig. 1. Dynamics of the number of tubers (early sowing, sowing
norm 1.1 million pes / ha), pes / plant (av. 3 vears)

A similar tendency in the formation of total and active tubers in different phases of growth and
development lupine plants was observed in the experiment with the study of different mineral
fertilizers norms and root-end fertilization with Wuxal Microplanter. Maximum number of tubers:
33.5 total, including 22.4 active / plant, were formed in the phase of beginning seeds filling adding
phosphoric-potassium fertilizers with the norm Pg Ky, in combination with two non-root fertilization
with Wuxal Microplant. In the phase of physiological maturation, these indices were 30.0 total and
19.6 active / plant respectively (Table. 2; Fig. 2).

o active
e
50 = total number
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Fig. 5.2. Number of tubers dynamics depending on the
fertilization (seeds filling phase), pcs / plant (2009-2011)
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Our research also showed that the introduction of medium (60 kg / ha) and high
(90 kg / ha) norms of mineral nitrogen slows the development of tubers from 26.2 and
26.2 units / plant to 23.1 and 21.6 in lupine plants. This is due to the inhibitory effect of the
latter on the formation of a symbiotic apparatus in lupine plants

Indigenous nutrition by Wuxal Microplanet positively influenced the dynamics of the
formation for the total number of tubers and including active in lupine plantsat various levels
of mineral nutrition, including nitrogen. This, in our opinion, can be explained by the
activation of physiological and biochemical processes in plants, which contributes to the
increase in the assimilating substances flow to the symbiotic apparatus. Consequently, the
most favorable mineral nutrition conditions for forming the maximum number of tubers,
including active ones, during the vegetative period of the lupine, are created by adding
phosphoric-potassium fertilizers P¢yKgo and conducting two extra-root infusions.

The dynamics of the tubers mass accumulation oper plant, depending on the effect of
sowing, sowing dates and fertilization, was similar to the dynamics of their formation. The
largest total tubers mass was 1.31 and the mass of active was 1.00 g / plant, was formed in the
phase of seeds filling for early seeding with a seed rate of 1.1 million pcs. per hectare
(Table. 3).

Table 3
The dynamics of the lupine tubers mass depending on the sowing period and seeding
norms, g / plant (average for 3 years)

Vegetation phases

Sowin . . beginning of hysiological
Sowi & branching anthesis g q f'llg' phy: g
owing norm, seeds filling ripeness
period, million
5] o o 5]
factor A pcs./ha 3 2 3 2 3 2 3 2
Factor B 2 g = s = S I g

0.7(K) | 0.55 | 0.22 1.13 0.47 1.22 0.70 1.19 0.69

. 0.9 0.70 | 0.24 | 1.19 | 0.59 1.26 | 0.83 1.24 0.81
April 5

1.1 0.93 | 0.27 1.22 0.63 1.31 1.00 1.29 0.96

Average for the period | 0.73 | 0.24 1.18 0.56 1.26 0.84 1.24 0.82

0.7 0.28 | 0.14 1.02 0.38 1.13 0.55 1.10 0.51

April 15 0.9 0.33 | 0.16 1.06 0.49 1.16 0.62 1.14 0.59

1.1 049 | 0.21 1.09 0.61 1.21 0.69 1.18 0.66

Average for the period | 0.36 | 0.17 1.06 0.49 1.16 0.62 1.14 0.58

0.7 0.20 | 0.12 | 0.77 0.29 1.10 0.42 1.08 0.40

April 30 0.9 | 025|013 | 096 | 033 | 1.13 | 0.51 | 110 | 049

1.1 0.35 | 0.16 1.04 0.42 1.16 0.60 1.14 0.57

Average for the period | 0.26 | 0.14 | 0.92 0.35 1.13 0.51 1.10 0.48
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LSDys, g/plant A 0.04 | 0.02 | 0.07 0.01 0.01 0.04 0.02 0.01
B 0.04 | 0.02 | 0.07 0.01 0.01 0.04 0.02 0.01
AB 0.10 | 0.04 | 0.13 0.05 0.02 0.06 0.03 0.05

These indices were higher by 0.09 and 0.3 g / plant compared to control. This was
reflected in the formation of the tubers mass per area unit (Annex 3.1 - 3.6). In these variants,
the total mass and active tubers mass per 1 hectare was 633.3 and 324.6 kg in the phase of
beginning seeds filling, which is 140.0 and 74.6 kg / ha more compared with the control variant.

Regarding the influence of the mineral fertilizers norms, the maximum mass of the total
was 1.02 g / plant and active tubers - 0.49 g / plant was also marked in the phase of beginning
seeds filling for the variations with phosphoric-potassium fertilizers with the norm of Pg)Ky
and the performing two foliar infusions with Wuxal Microplant. A similar trend was observed
in the formation of the total and active tubers mass per area unit.

The introduction of medium (60 kg / ha) and elevated (90 kg / ha) norms of mineral
nitrogen also reduced the mass of total and active tubers, both in one plant and in area unit.
Thus, the smallest mass of tubers - 0.59 g / plant for total and 0.27 g / plant for active was
detected in the phase of seeds filling when NgyPsoKgy was added. In the case of the introducing
complete mineral fertilizers with the norm NgiPeKg these indices were slightly higher and
amounted to 0.65 and 0.29 g/ plant and 430 and 253 kg / ha. The total and active tubers mass
was 0.75 and 0.41 g/ plant and 433 and 240 kg / ha in variants without mineral fertilizers. Thus,
the introduction of average and high nitrogen fertilizer norms also affects the dynamics of the
total and active tubers mass, as well as the dynamics of their number.

Objective indicators for the formation and functioning of the lupine symbiotic apparatus
are total and active symbiotic potentials.

According to our research results, lupine plants formed sufficiently high TSP and ASP
indices and depended on the sowing periods, seeding norms and mineral nutrition level.

The obtained data showed that the largest total and active symbiotic potential in lupine is
formed in terms of early sowing period (April 5) during the period of seed filling —
physiological maturation and is 55.5 and 28.7 thousand kg. days / ha. (Table 4).

Table 4
Influence of sowing periods and seed sowing norms on the symbiotic potential dynamics of
lupine, ths. rg.d./ha (average for 3 years)

. Sowing Interphase periods
Sowing —
. norm, . . seeds filling-
period, - branching- anthesis- . . Per
million . - physiological .
factor A anthesis seeds filling - vegetation
pcs./ha maturation
Factor B TSP* | ASP** | TSP | ASP TSP ASP | TSP | ASP
0.7 (K) 29.6 11.1 45.0 | 19.0 48.6 246 | 41.1| 182
5 0.9 36.2 14.2 515 | 23.6 55.3 206 |47.6| 225
April 1.1 410 | 178 | 578 | 27.1 | 62.8 321 [ 539256
Average for the period 35.6 14.4 514 | 232 55.5 28.7 47.5 | 22.1
0.7 25.6 9.6 399 | 154 43.6 19.3 36.3 | 14.7
. 0.9 31.1 12.4 453 | 18.6 49.2 21.8 418 | 17.6
April 15
1.1 35.3 15.5 51.7 | 23.8 57.1 286 | 48.1 | 227
Average for the period 30.6 12.5 45.6 | 193 50.0 23.2 42.1 | 183
0.7 19.5 8.1 32.8 | 13.8 38.2 17.2 30.5 | 13.0
April 30 0.9 24.7 10.6 38.6 | 16.1 42.4 19.4 353|154
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1.1 28.9 13.9 43.5 | 20.7 48.8 244 | 404 ] 19.6
Average for the period 24.4 10.8 383 | 16.8 43.1 20.3 3541 16.0
LSDys A 1.95 0.65 212 | 1.23 2.83 1.67 1.86 | 1.06
B 1.95 0.65 212 | 1.23 2.83 1.67 1.86 | 1.06
AB 3.38 1.13 3.67 | 2.12 4.89 2.89 |322]1.83

Note TSP* — total symbiotic potential; ASP** — active symbiotic potential.

There is also a trend, which is manifested in the reduction of TSP and ASP when
decreasing the sowing norms. Thus, over the years of research, the TSP and ASP values for
vegetation period ranged from 30.5 to 41.1 in variants with a seed rate of
0.7 million pcs./ha and from 13.0 to 18.2, from 35.3 to 47.6 and from 15.4 to 22.5 at
0.9 million pcs / ha; from 40.4 to 53.9 and from 19.6 to 25,6 thousand kg. days / ha at
1.1 million pcs. / ha (depending on the dates of sowing). Thus, the largest values of TSP
and ASP figures are formed at the early stage of sowing with the norm of sowing
1.1 million pp./ha, which were 50.4 and 23.0 in 2009, - 59.2 and 28.3 in 2010, and 52,2 and
25,7 thousand kg. days / ha in 2011. TSP and ASP in these variants amounted to 53.9 and
25.6 thousand kg. days / ha on average over the years of research. The aforementioned
indicators were greater than the control by 12.8 and 7.4 ths. rg. days / ha, or by 31.1 and
40.6%.

The mineral nutrition level for plants was also influenced by the formation of the total
symbiotic and active symbiotic potentials of lupine. It was noted that the highest total
symbiotic potential of lupine during the growing season was formed when mineral
fertilizers were introduced in the norm PgKgy. The lowest value for this index was
observed with the introduction of mineral fertilizers in the norm NgoP¢cKgy, Which was
30.3 thousand kg. days / ha on average over the years of research. The addition of mineral
fertilizers in the normal NgoPgoKoo provided a slightly higher index of 33.3 thousand kg.
days / ha. Consequently, the introduction of mineral nitrogen had little inhibitory effect on
the formation of a lupine symbiotic potential, which led to obtaining minimal values of the
total symbiotic potential.

We also found that the growth of the total symbiotic potential for lupine is ensured by
the use of Wuxal Microplant with different norms of mineral fertilizers. It was noted that
two fecal feeding on the backgrounds of NgoPgoKogg and NggPgoKgy provided an increase of
this index of 37.6 and 34.4 thousand kg. days / ha. However, the highest value for the total
symbiotic potential, which is 41.5 thousand kg day / ha, was formed on the variants where
two foliar nutrition was carried out and phosphorus-potassium fertilizers were introduced
in the norm of PgoKgp, which is 11.1 thousand kg days / ha more compared to control.

The formation of the active symbiotic potential during the vegetative period for the
lupine plant has a similar character as the formation of the general symbiotic potential. In
particular, the value for the active symbiotic potential for the period of branching-anthesis
was dependent on the introduction of different mineral fertilizers norms in combination
with folair feedings from 8.9 to 16.7 thousand kg days / ha, during the period of anthesis-
seeds filling — 16,2 — 24,5 thousand kg. days / ha, seeds filling-physiological maturation —
19.1 — 26.5, and 14.7 — 22.6 thousand kg. days / ha on average for the vegetation period
respectively.

The most favorable conditions for the formation of the maximum value for the active
symbiotic potential were created by applying phosphoric-potassium fertilizers in the
normal range of PgKgy in conjunction with two non-root crop supplements by Wuxal
Microplant. At the same time, the indice of active symbiotic potential was 22.6 thousand
kg day / ha, which is 7.4 ths. kg d / ha more in comparison with control variants without
the introduction of mineral fertilizers. It is also 4.0; 2.8; 6.4 ths. kg days / ha exceeded the
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parameters of the variants, where two non-root nutrition under the background of variants
without fertilization was carried out, with the addition of NgyPsoKoy and NggPsoKgg. The
addition of NggPgoKog and NggPgoKgy with two non-root nutritions also led to a decrease in
these indices.

Consequently, the most favorable conditions for the effective process of symbiotic fixation
of atmospheric nitrogen by the tuber bacteria on the roots of the lupine and the formation of the
maximum indices for the total and active symbiotic potential are created on early-seeding
variants with a seed norm 1.1 million pcs per hectare, as well as due to the introduction of
phosphoric-potassium fertilizers in the norm of PsKgy and the use of two extra-root infusions of
Wuxal Microplant. The introduction of medium (Ng) and high (Ng)) norms of nitrogen
fertilizers negatively influenced the formation of these indicators.

CONCLUSIONS

The most favorable conditions for the formation of the symbiotic apparatus in the lupine
are created for its sowing on April 5 with the sowing norm1.1 million of germinated seeds per 1
hectare, as well as for the addition of mineral fertilizers in the norm of P¢yKgy. The introduction
of nitrogen fertilizers in the norm of 60 and 90 kg / ha of the active substance had an inhibitory
effect on the formation of the symbiotic productivity for the plant.
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AHOTAIIS

®OPMYBAHHSA CUMBIOTUYHOI'O TIOTEHIIAJY JIIOIINHY
BY3bKOJIMCTOI'O 3AJIEKHO BI/JI EJIEMEHTIB
TEXHOJIOT'TI BUPOIIITYBAHHSA

B ymoBax eHepreTHyHOi KpU3H, BUCOKOI BAPTOCTI MiHEpaIbHUX 1 Je(ilUTi OpraHiyHIX
OOpHUB BIIOYBAETHCSA 3HIKCHHS POIOYOCTI TPYHTY, TOMY pO3poOKa 1 BHKOPHCTAHHS
CiBO3MIiH, CHCTeM 3eMiiepoOcTBa 3 0e31eQiuTHUM OalaHCOM TYMYCY Ta TIOKMBHUX PEYOBUH
Ha CHOTOJHINIHINA NEeHb € JOCHTh akTyalbHUMH. OJHI€I0 3 HE3aCHyXKEeHO 3a0yTHUX KYJIBTYD,
sIKa TIOBMHHA 3aifHATH HaJE)XHE MiCIle y CITbCHKOTOCIOAAPCHKOMY BHPOOHHIITBI HAIIOl
KpaiHu, € JIIONUH By3bkoaucTuid. Y Ilepenkapnarti 1 KyJIbTypa MajoOMONIUpeHa i HAyKOBUX
JIOCTIJIKEHB 3 PO3POOKH €JIeMEHTIB TEXHOJIOTIi BUPOLTYBAHHS ii IPAKTUYHO HE MPOBOJIMINCE.
Ile i cramo MOTHBaLi€l0 10 BHBYCHHS BIUIMBY CTPOKIB CiBOM, HOPM BHCIBY HAcCiHHS Ta
ynoOpeHHsT Ha pICT 1 PO3BUTOK pPOCIUH, (OpPMYBaHHS HUMH IOKa3HHKIB CHMOIOTHYHOT
AKTUBHOCTI, BEJIMYMHU YpPOXKal 1 SKOCTI HACiHHS JIIONMHY By3bKosucroro. Jlocniau
MIPOBOJIMIINCH Ha TUNOBUX s [lepenkapnaTts AepHOBO-IIA30IMCTHX TOBEPXHEBO-OTICEHUX
CEPEeNHbOCYTTIMHKOBUX TIPYHTax Jiaboparopii KOpPMOBHPOOHHMLTBA I[HCTHTYTY CUIBCBKOTO
rocnomapctBa Kapmarcekoro perioHy (c. Jlimms JIporo6uiibkoro paiioHy JIbBiBChKOL
o0acTi).

Busuatoun ocobnuBocTi popMyBaHHS CHMOIOTHYHOTO arapary JIIOTHHY BYy3bKOJIHUCTOTO,
0co0MMBY yBary Oyjo 3BEpHYTO Ha TakKi NMOKa3HUKH SK 4Yac TMOSBH OyJhL00Y0K Ha KOPEHSIX
POCJIMH, Yac TIOSIBU aKTUBHUX OyIb00YOK, iX po3maj, a TaKoX KiIbKICTh i Maca 0yJb0090K
3QJIEKHO BiJ JOCIHIDKyBAaHUX HaMHM TEXHOJOTIYHWUX MPUHOMIB BUpoInyBaHHA. [IpoBemeni
crocrepexeHHss 3a (OpMyBaHHSAM CHMOIOTHYHOTO amapary JIONHHY BY3bKOJHCTOTO
IoKa3aJiy, 1[0 CTPOKU CiBOM Ta HOPMH BHECEHHSI MiHEpPaIbHUX JOOPUB MaJld ICTOTHHI BIUIMB
Ha ned mnpouec. I[lpum npomy HaWmBugme OyIb00YKM 3’SBISUIMCH 32 CIBOM JIIONUHY
BY3bKOJIUCTOTO B paHHIW cTpok. [licis cXoaiB BOHM MOSIBHIMCS Ha 7 J€Hb, TOHI SIK 3a
CEPEeIHBOTO CTPOKY CiBOM — mpuOIU3HO uepe3 8-9 nHiB, a 3a ciBOM B Mi3HIH cTpok — depe3 10
IHIB micas cxoxiB. [llomo BmIMBY HOPM MiHEpalbHHUX HOOpUB, TO TYyT HaimBuAaLIe
Oynb00YKH 3’ BJISIIMCH HA BapiaHTax JOCHiAy 0€3 3aCTOCYBaHHS MiHEpaJlbHHX JOOPHUB Ta HA
NUITHKaX 3 BHECEHHSM (oCchHOpHO-KANIMHUX MOOpUB 3 po3paxyHKy PeoKoo (uepe3 11 nHiB
miclist ¢xXo/MiB). BHeceHHsI sk MiHepaJlbHOTO a30Ty y 1031 60 Tta 90 kr/ra Ha ¢oni GochopHo-
kamianx noopuB PgKoy 3aTpuMyBano ytBopeHHs Oynb004ok Ha 3-4 nmHi. BigmoBigHO TYyT
Oyns00YKH 3’ ABISAIUCH, TpuOMM3HO uyepe3 13-14 nuiB micna cxoniB. [lo3akopeHesi
mijpkuBiieHHsT Bykcamom MIKpOIIaHTOM MMO3MTUBHO BIUIMBAJIM HAa JWHAMIKY (OpMyBaHHS
3araJibHOi KiJIBKOCTI Oy;I004OK i B TOMY YHCIII aKTUBHHMX y POCIHUH JIIONUHY BY3bKOJIHCTOTO
IIPY Pi3HUX PIBHSAX MIHEPAJIbHOTO XHMBJICHHS, B TOMY YHCHI 1 a30THOTO. Lle MOXHa MOSICHUTH
aKTUBi3aliero (i3ionoro-610XiMiYHUX TIPOLECIB y pPOCIMHAX, IO CHIpHse€ 30LIbIICHHIO
Ha/IXOJDKEHHSI aCUMUTIOIOYMX PEYOBUH IO CUMOIOTHYHOTO arapary.

Haitbinpm cupusitiauei ymoBH Juii (opMyBaHHS CHMOIOTMYHOrO amapary JIONHHY
BY3BKOJHMCTOTO CTBOPIOIOTHCS 32 CiBOM WOTro 5 KBITHS 3 HOPMOIO BHCIBY 1,1 MIIH. CXOXKHX
HaciHWH Ha | Ta, a TaKoXX 3a BHECEHHS MiHepalbHHX N0oOpHB y HOpMi PgoKoy. BHecenus
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azoTHHX 1o0pmB y HopMmi 60 i 90 kr/ra Aif0o4oi PedOBHMHM Majio iHTiOyIOUWH BIUIMB Ha
(dbopMyBaHHSI CHUMOIOTHYHOI IPOAYKTUBHOCTI KYJIBTYPH.

OTxe, HaWOLNBLI CHPHUATIMBI YMOBHM MIHEPaJbHOTO >KUBJICHHS st (OpMyBaHHS
MaKCUMaJIbHOI KUIbKOCTI Oy/IbOOYOK, B TOMY YHWCII aKTUBHHX, IPOTATOM BEreTaliiHOTro
nepiosy JIIONMUHY BY3bKOJIMCTOTO CTBOPIOIOTHCS NPH BHECEHHI (PochOopHO-KaIiHHIX T0OpUB 3
po3paxyHKy PeKogy Ta mpoBeneHHi ABOX 1103aKOPEHEBUX ITi/PKUBJICHb.
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PHENOLOGICAL OBSERVATIONS ON THE DEVELOPMENT
PHASES OF RAPE PLANTS

Abstract. The article discusses the phenological observations for the development
phases of spring rape plants. The duration of interphase periods of spring rape, depending on
the sort, fertilization and herbicides, is shown. A dispersion analysis for interphase periods
was conducted: germination-stooling, stooling-budding, budding-flowering. It was
established that the length of the vegetation phases for plants had its features in colder and
wet terms under the pre-Carpathian climatic conditions and depended on the climatic features
of the year and the biological characteristics of the sort, the doses of mineral fertilizers and
herbicides. In particular, in the period of germination-stooling, the largest share of influence
falls on fertilizers — 78%; much less on herbicides — 7%, on the interaction of sort and
fertilizers — 4%; sort and herbicides — 1%, while during stooling-budding the greatest part of
influence falls on fertilizers — 30%; on herbicides — 25%, on the interaction of sorts and
fertilizers — 5%; fertilizers and herbicides — 1%. It was shown that the effects of fertilizers
and herbicides on the duration of the vegetative period was felt, mainly in the early phases of
vegetation for the sorts Oksamyt and Maria; this effect was leveled out in later phases. It was
the shortest for the sites fertilized with phosphorus and potash fertilizers. Additional use of
nitrogen fertilizers on the background of phosphoric-potassium fertilizers prolonged the
duration of vegetation for the plants.

Keywords: spring rape, sort, fertilizer, developmental phase, climatic conditions.

INTRODUCTION

Phenology of rape plants is characterized by the dates of the following vegetation phases
of: germination, stooling, budding, flowering, fruiting, and maturation. The first phase, the
germination of plants, is characterized by the appearance of cotyledon leaves on the soil
surface. In the second phase, stooling occurs with the formation of shoots with buds on the
apex. The third phase is the budding. It is characterized by raising the buds of the stem over the
upper leaves; And flowering: the beginning — the appearance of flowers in the basis of
inflorescence; full (70-80% of flowers blooms) — formation in the bottom of inflorescences of
the first pods; end (10-15% of flowers blooms) — filling inflorescences with pods.

At flowering, flowers begin to blossom at 5 o'clock in the morning; at 8-9 o'clock they are
completely open and are up to 20 o'clock in this state. Then, they are closed and they begin to
open about 6-7 hours the next day, that is 1-2 hours later, they are closed again at 20 hours. This
continues for 3-4 days, after which the petals fade and fall away. Fruit formation occurs
practically within the period of flowering [6, 8, 9].

The maturation can be observed by the changes in the color of seeds. It begins to ripen
from the moment when the seeds gain a light green color (70% of moisture), then it greens
(60% of moisture) and has a mat-green color with a transition to yellow in the semi-
technical (50% moisture) state. In this period, the seeds are spherical, large, in a mucous
membrane and, when crushed, split into halves. The final stage of seeds maturation is
called technical.



16

The duration of vegetation growing for the rape and the time of reaching depends on the
sort and hydrothermal conditions of the year. In the conditions of Northern Europe with a
moderate marine climate, rape is sown in April and harvested in September. The vegetation
period lasts for 160 days. In western Canada, with a moderately continental climate, rape is
sown in May, harvested in September, and the vegetation period lasts 120 days [7].

The cultivation of the plant organism by the necessary nutrition elements during the
growing season contributes to increasing the productivity of the culture. At the same time,
the increase in fertilizer rates affects the duration of interphase periods. This is especially
true for crops that are sufficiently or excessively supplied with nutrients, in particular
nitrogen [2].

In the conditions of right-bank forest-steppe of Ukraine, according to G.I. Karychkovska
[4], the duration for the most of the interphase periods depends first on weather conditions,
which consisted of a certain time of rape development, rather than from the investigated factors,
in particular, the combination of different forms of fertilizers with different ways of
introduction. The fertilizer rate varied within NoPoK( - NgoPgoKepo.

In the conditions of the Northern Forest-steppe of Ukraine, interphase periods, as it is
shown by the research of P.S. Vyshnevsky [1] depend largely on the weather conditions taking
place during the growing season of culture, and on the mineral nutrition level, seed rates, timing
and sowing methods.

MATERIALS AND METHODS

The research was carried out at the Drohobych Ivan Franko State Pedagogical University
on the sod-podzolic medium-sand soils typical for the Precarpathian, at the experimental field
of the farm "Svitanok" in the Drohobych district of the Lviv region. The ornithine (0-20 cm)
layer of soil (prior to fertilization) was characterized by the following fertility indices: pHgcy -
5.2-5.4, humus content (by Tyurin) - 2.0-2.3, easily hydrogenated nitrogen (by Cornfield) - 52-
74 mg, mobile phosphorus (by Kirsanov) - 60-75 mg, exchangeable potassium (by Kirsanov) -
110-120 mg/kg of soil.

The research was carried out taking into account all the requirements of the experimental
research techniques (B.O. Dospekhov, 1985). The experimental scheme included three factors:
factor A — sorts (Oksamyt and Maria); factor B - norms of nitrogen fertilizers (PgKoy -
background - K; background + Njj; background + Ng, and background + Nyg); factor C -
herbicides (Butizan and Comand).

The area of the experimental plot: the accounted area - 25 m?, the total - 42 m’, the options
placement - systematic in two tiers. Repeatability is four-time. Five-way crop rotation with such
alternation of crops was used for experiments: one-year grass with sowing clover-timothy
mixture; clover-timothy mixture; spring barley, spring rape; winter wheat.

Phosphate (in the form of granulated superphosphate) and potassium (in the form of
potassium chloride) fertilizers were applied under silt plowing, nitrogen (in the form of
ammonium nitrate) - in spring, according to the experimental scheme, in pre-sowing cultivation.

Soil herbicides Butizan 400, 40% k.s. and Comand, 48% k. was introduced in three days
after sowing with the norm 2,5 and 0,20 I/ha respectively.

Agrotechnique of rape growing on experimental sites is generally acceptable for the zone,
with the exception of experimental variants. Norm of rape sowing - 1.5 million of germinated
seeds per 1 hectare, treated with insecticidal and fungicidal agents, 20% (2.0 1/t). Plants were
treated with insecticide Fastak with a rate of 0,15 I/ha and one more time in the flowering phase
with insecticide Vantex, 60 (0,05 1/ha) to protect from the damage by the flower pot in the
budding phase.

Rape was harvested in the phase of full ripeness by direct harvesting ("SAMPO-500").



17

Table 1

Duration of interphase periods of rape, depending on sort, fertilizer and herbicides

Sort Fertilizers Herbicides| Sowing- |Germination| Stooling- Budding-
germination | -stooling budding flowering
Factor A Factor B Factor C

days | >'{°C |days| Y'{°C |days| Y'(°C |days| >'(°C
PeoKoo Butizan | 6 | 63.5| 35 | 468.9| 11 | 150.4| 18 | 330.6
(background) | Comand | 6 | 63.5| 33 | 4423 | 13 | 171.4| 18 | 333.1
background+ | Butizan | 6 | 63.5 | 38 | 503.1| 10 | 133.7] 19 | 355.9
N3 Comand | 6 | 63.5| 36 | 477.5| 12 | 166.6| 19 | 352.6

Oksamyt :
background+ | Butizan | 6 | 63.5| 40 | 535.6| 9 | 147.8| 19 | 3434
Nso Comand 6 63.5 | 39 | 519.7| 10 | 165.7| 19 | 354.6
background+ | Butizan | 6 | 635 | 39 | 543.5| 8 | 126.0] 20 | 3572
Noo Comand | 6 | 63.5| 39 5229 10 | 162.6| 19 | 347.9
PeoKoo Butizan | 6 | 63.5| 35 | 467.8| 10 | 165.0| 18 | 351.2
(background) | Comand | 6 | 63.5 | 34 | 432.5| 12 | 186.4| 18 | 312.6
background+ | Butizan | 6 | 635 | 38 | 5143 | 8 | 124.8] 19 | 3509
Maria N3 Comand | 6 | 63.5| 37 |496.3| 10 | 138.7| 18 | 342.3
background+ | Butizan | 6 | 63.5| 38 | 5124| 9 |125.6| 19 | 3283
Nio Comand | 6 | 63.5| 37 | 504.7| 10 | 140.6| 18 | 327.8
background+ | Butizan | 6 | 63.5| 40 | 526.7| 8 | 128.7] 18 | 348.1
Noo Comand | 6 | 63.5| 39 | 508.4| 10 | 143.1| 20 | 348.2
PeoKoo Butizan | 8 |167.8| 20 | 382.8| 18 | 363.8| 116 | 1927
(background) | Comand | 7 |147.1| 21 |368.3| 17 | 364.8| 116| 1891
background+ | Butizan | 8 |166.8| 20 | 363.0 | 18 | 366.4| 117| 1985
N3 Comand | 8 |154.0| 17 | 336.1| 18 |370.0| 116 | 1940

Oksamyt :
background+ | Butizan | 8 |159.2| 20 | 375.6| 20 | 398.9 | 119 | 2026
Neo Comand 8 | 152.8] 17 | 357.1| 20 | 391.9| 119 | 2006
background+ | Butizan | 8 |1652| 19 | 384.4| 20 | 402.7| 121 | 2042
Noo Comand | 7 |143.0| 19 | 382.0| 20 | 391.9| 120 | 2019
PeoKoo Butizan | 8 |161.4| 20 | 389.9| 20 | 420.5| 118 | 2019
(background) | Comand | 7 |152.8| 18 | 354.8 | 21 | 431.7| 117 1934
background+ | Butizan | 8 |171.3| 19 | 392.2| 20 | 409.0| 120 | 2026
Maria N3 Comand | 7 |151.5| 19 | 376.0| 20 | 405.4| 118 | 1974
background+ | Butizan | 8 |169.9| 19 | 383.9| 19 | 377.6| 119 | 1961
Nio Comand | 7 |149.3| 18 | 354.6| 19 | 396.1 | 116| 1937
background+ | Butizan | 8 |169.9| 21 | 430.4 | 17 | 3754 118 2043
Noo Comand | 7 |143.7| 20 | 411.6| 17 | 365.9| 118 | 1985




18

DISCUSSION

In the colder and wet weather conditions of Precakarpathians, the duration of the
vegetation phases for plants had its peculiarities and depended on both the climatic features of
the year and the biological characteristics of the sort, the doses of mineral fertilizers and
herbicides (Table 1).

According to the results of our studies, the duration of the sowing-germination period
varied from 5 to 7 days and depended, basically, on the conditions of the year.

Biological characteristics of sorts and fertilizers did not affect the duration of the
interphase period for the sowing-germination.

The sum of positive temperatures during this period of growth and development of spring
rape plants varied within the range of 46.2-77.1°C, depending on the year, and on the average —
63.5 °C. This indicator also did not depend on the sort, fertilization and herbicide.

In the subsequent periods of rape plants growth and development, the influence of
technological factors, in particular biological characteristics of the sort, fertilizers and
herbicides on the duration of the vegetative phases, in particular on the germination-stooling,
was intensified. This period in the growth and development of spring rape is very responsible,
because at this time the laying and forming of the covering organs of flowers, pomace and
stamenum hills is possible, and it is possible to change the number of flowers in the
inflorescence with agrotechnical techniques, and affect the seed yield of the culture at the same
time.

On average, the duration of the germination-stooling period for the Oksamyt sort varied
depending on the fertilization and the applied herbicides from 33.7 to 40.7 days with the sum of
positive temperatures from 442.3 to 543.5 °C. At the same time, the shortest (33.7 days with a
sum of positive temperatures of 442.3 °C) was at sites where phosphorus and potash fertilizers
were introduced at the rate of PgyKg, in the autumn and the herbicide Command was added to
the seedlings. The introduction of nitrogen fertilizers against the background of phosphoric-
potassium in spring in the pre-sowing cultivation prolonged this period of vegetation from
38.0-36.0 days with a sum of positive temperatures of 503.1-477.5 °C for the fertilization of
N3oPgoKgo to 40.7-39.0 days from the sum of positive temperatures 543.5-522.9 °C for
fertilization NgoPgoKoo. The introduction of the herbicide Comand for all variants with fertilizer
shortened the period of germination-stooling.

For the sort Maria, the duration of the vegetation period for the germination-stooling
varied within 34.3-39.3 days. As for the sort Oksamyt, it was the shortest at areas with adding
phosphoric-potassium fertilizers at the rate of P¢ Koy and adding before sprouting with herbicide
Comand.

Additional introduction of nitrogen fertilizers in early spring under pre-sowing cultivation
contributed to the extension of this period and it was the longest at sites with the introduction of
complete mineral fertilizers NgyPeoKoo.

In the case of using herbicide Comand in pre-sprouting phase, it significantly reduced the
vegetation period of the germination-stooling. Thus, if during the introduction of the butizan
herbicide, the duration of the germination-stooling period was, depending on the level of
mineral nutrition, 35.3-39.3 days with a sum of positive temperatures 467.8-530.0 ° C, then
when the Comand was added, the period was 34.3 -38.7 days with a sum of positive
temperatures 432.5-513.4 ° C.

The variance analysis for the data obtained on average for three years of these studies
showed that the anthropogenic factors such as fertilizers, herbicides, interaction of sorts with
fertilizers and sorts with herbicides had a significant impact on the duration of the germination-
stooling period (Fig. 1).
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Fig. 1 Share of the influence of technological methods of cultivation on the duration
of the germination-stooling period

At the same time, the largest share of influence falls on fertilizers - 78%; much less on
herbicides - 7%, on the interaction of sorts and fertilizers - 4%; sort and herbicides - 1%. The
remaining 10% is the rest.

The stooling-budding period for rape is important because it falls on VI-VIII stages of
organogenesis by F. M. Kuperman and is associated with the formation of generative organs of
the flower: stamens and pistils, growth of the flower organs and inflorescences, with the
formation of generative organs. During this period, it is quite possible due to the high level of
providing nutrition elements, especially phosphorus, to regulate the number of flowers in the
inflorescence and their fertility.

As our studies showed, the duration of the stooling-budding period was short and
depended, first, on weather conditions of the year, the level of mineral nutrition and the adding
of herbicide to control weeds on rape crops.

The mathematical processing of the data obtained during the years of research on the
duration of the interphase stooling-budding period showed that it, depends on the level of
mineral nutrition and the introduction of herbicides for the Oksamyt sort, lasted from 8 to
13.0 days with a sum of positive temperatures 126.0-171.4 °C. At the same time, it was the
longest in plants grown at sites fertilized from autumn only with phosphorus-potash fertilizers
at the rate of PgKgy. An additional introduction of nitrogen fertilizers by 30-90 kg of active
substance per 1 h in early spring under pre-sowing cultivation, reduced this period from
11-13 days and the sum of positive temperatures of 150.4-171.4 ° C in the areas without
nitrogen fertilization up to 8.0-10.7 days and the sum of positive temperatures 126.0-162.6 °C
in the areas with full of mineral fertilizers NgyPgoKop.

During the vegetation period, the stooling-budding period was slightly shorter in for the
sort Mariya compared to the Oksamyt sort. As in the previous sort, the stooling and the budding
was the longest (10,7-12,3 days with the sum of positive temperatures 165,0-186,4 ° C) for
areas under the basic cultivation of soil and with the introduction of only phosphoric-potash
fertilizers of PgoKog in the calculation. Nitrogen fertilizers, introduced in early spring under pre-
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sowing cultivation on the phosphoric-potassium background, reduced the duration of this
period, and it was the shortest at the introduction of complete mineral fertilizers NgyPgoKog in
the calculation.

The results of the spraying with Comand herbicide extended the duration of this vegetation
period for the plants of the Oksamyt sort for 1.4-2.7 days, and for 1.0-2.0 days for the sort of
Maria.

The variance analysis for the data obtained on average for three years of these studies
showed that the anthropogenic factors such as fertilizers, herbicides, interaction of a sort with
fertilizers and fertilizers with herbicides, had a significant impact on the duration of the
stooling-budding period. At the same time, the greatest share of influence falls on fertilizers -
30%; on herbicides - 25%, on the interaction of sorts and fertilizers - 5%; fertilizers and
herbicides - 1% (Fig. 2).
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Fig. 2 Share of the influence of technological methods of cultivation on the duration
of the stooling-budding period

According to F.M. Kuperman, the budding-flowering takes place in the VIII-IX stages
of organogenesis and is associated with the further growth of the organs of the flower and
inflorescences, as well as flowering and fertilization of the moth. In this period of vegetation,
it is possible to influence the fertility of flowers, the number of seeds in a pod and on the
plant.

As our three-year research data showed, the duration of the budding-flowering period
fluctuated within certain limits and largely depended on the climatic conditions of the year, the
sort, the level of mineral nutrition and the used herbicides (see Table 3).

The budding-flowering period for the sort of spring rape Oksamyt was somewhat shorter
at sites where, only plowing of phosphorus and potash fertilizers was carried out from autumn
at the rate of PgKgy, and amounted to 18.3 days with a sum of positive temperatures of
330.6-333.1 °C. This period (19.7-19.0 days with the sum of positive temperatures
357.2-347.9 °C) was somewhat longer at sites with the introduction of complete mineral
fertilizers N90P60K90.
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For the Maria sort, this period was prolonged from 18.3-17.7 days with the sum of positive
temperatures 351.2-312.6 °C at sites with fertilizers PgKogy to 18.3-19.7 days with a sum of
positive temperatures 348.1-348.2 °C at the introduction of full mineral fertilizers NooPgKop.

The clear pattern was not observed for the change in the duration of the budding-flowering
period from the introduced herbicides in the sorts Oksamyt and Maria.

The next vegetation period of flowering plants-emergence of pods is characterized by the
fact that it is not long and lasts 7-9 days depending on the conditions of the year with the sum of
positive temperatures 143.0-171.3 °C. It coincides with the IX-XI stages of organogenesis
according to F.M. Kuperman, when the rape plants are blooming massively, pods are formed
and the plastic substances are accumulated in the seeds. Compliance with the requirements of
cultivation technology ensures the growth of seed filling and their mass.

As the data of our phenological observations showed, there was no difference in the
duration of this period between years of research and fertilizer variants. Only the tendency to
some reduction of this vegetation period of plants at the introduction of herbicide Comand
during pre-sprouting is noted in comparison with the Butizan herbicide.

Vegetation period of rapeseed plants, the emergence of pods-initial maturation coincides
with the XI stage of organogenesis by F.M. Kuperman, and takes place at the end the pods
formation, lightening them at the bottom of the plants. There is an intense accumulation of
plastic substances in the seeds. In addition, the fill and grain size of the seeds depends on
compliance of planting technology elements with the previous stages of growth and
development.

The conducted phenological observations showed that this vegetation period of rape plants
is longer than the previous and lasts, depending on the climatic conditions of the year,
biological characteristics of the sort, the level of mineral nutrition of plants and herbicides, from
15 to 23 days with a sum of positive temperatures from 315.5 to 437.7 °C.

A clear trend for the dynamics of the duration for this and the next period (initial
maturation-complete maturation) was not observed with the change in the sort, norms of the
introduction of mineral fertilizers and herbicides during the study. This, in our opinion, can be
explained by a sharp cessation of the nutrients receipt from fertilizers in the plant.

As for the duration of the growing season for rape plants from sowing to harvesting, there
is a certain dynamics depending on the factors studied by us.

On average, over three years of research, the duration of the vegetation period for the
Oksamyt sort was 114-121 days with the sum of positive temperatures 1891-2042 °C. It was the
shortest on sites fertilized with phosphorus and potash fertilizers. An additional introduction of
nitrogen fertilizers against the background of phosphoric-potassium prolonged the vegetation
period of plants for this sort from 116-114 days and the sum of positive temperatures
1927-1891 °C in the background control to 121-120 days and the sum of positive temperatures
2042-2019 °C in the sites fertilized with complete mineral fertilizers NgoPgoKqg. The same trend
was observed for the sort Maria.

There is no clear trend in changing the length of the growing season depending on the
herbicides, although there was a tendency to reduce it in the sites with the introduction of the
Comand compared with butizan.

Speaking about the structure of the growing season for rapeseed plants of the Oksamyt
sort, it is the following: it is 5.1-5.2% of the growing season duration for the period of
sowing-germination; 30.2-29.0% for germination-stooling; 9.2-11.2% for stooling-budding;
15.5-15.8% for flowering-budding; 6.9-6.0% for the flowering-emergence of pods;
17.0-18.0% emergence of pods-initial maturation; and 16.0-14.6% for the initial maturation-
complete maturation.
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CONCLUSION

The influence of fertilizers and herbicides on the growing season duration was observed
mainly in the early phases of vegetation for the rape sorts Oksamyt and Maria. This effect was
leveled off in later phases.

It was the shortest on sites fertilized with phosphorus and potash fertilizers. Adding of
nitrogen fertilizers on the background of phosphoric-potassium fertilizers prolonged the
duration of vegetation for plants.

10.
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15.
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AHOTAIISA

®EHOJIOI'TYHI CITIOCTEPEXXEHHS 3A ®A3AMMU PO3BUTKY
POCJIMH PIITAKY APOI'O

3a0e3neueHICTh POCIMHHOTO OPraHi3My HEOOXITHIUMH €IeMEHTAMU KUBIICHHS BIIPOIOBK
BereTauii Clpusie MiJBUILCHHIO NPOAYKTHBHOCTI KyJIbTypu. PazoM 3 TuM, 30UIbIICHHS HOPM
yIOOpeHHsI BIUIMBAE Ha TPHUBAIICTh NPOXOJKEHHS Mixdasnux mnepioaiB. OcobnuBo 1€
CTOCYETBCSI KYJIBTYp, SIKI JIOCTaTHBO YM HaiMIpHO 3a0e3nedyeHi MOKMBHUMHM PEYOBHHAMH,
30KpeMa a30TOM.

B ymoBax mpaBobepexnoro Jlicoctemy VYkpainm, 3a nmanmmu Kapmuakoscekoi I. I,
TPHUBAJICTH OUTBIIOCTI MiK(a3HUX HEPIOiB B MEPITy YEePTy 3ajeskana Bif IOTOJHUX YMOB, SIKi
CKJIaaICh HA TEBHUH Yac PO3BUTKY pilaKy sporo, HDX BiJ IOCTIIKYBaHMX YHMHHHKIB,
30KpeMa TO€THAHH pi3HHX (opM TOOpWB 3 pi3HUM crocoOoM BHeceHHs. Hopma noOpus
xoymBanach y Mexax NoPoKo— NgoPeoKeo.

JocnimkeHHss  npoBoauiau  npu  J[poroOMumbKoMy — Jiep)KaBHOMY — HeJarorigyHomy
yHiBepcuteTi iMeHi IBana ®panka Ha THHOBOMY I [lepenxapnaTrs JepHOBO-IIII30JIUCTOMY
CepeHbOCYTIIMHKOBOMY IPYHTI JOCIHIJZHOTO TOJS CENSTHCHKO-(epMEPCHKOTO T'OCIIOAApCTBa
,,CBiTaHOK” Jlporoduipkoro paiiony JIbBiBchkoi obxnacti. Opuuit (0-20 cm) map rpyHTty (10
BHECEHHS J0OPHB) XapaKTepHU3yBaBCsl TAKUMH NOKa3HUKaMu poxrodocTi: pHyc — 5,2-5,4, BmicT
rymycy (3a Tropiaum) — 2,0-2,3, nerkorinponizoBanoro a3oty (3a Kopudingom) — 52-74 wmr,
pyxomoro dochopy (3a Kipcanoum) — 60-75 mr, obminHoro kamito (3a KipcanoBum) —
110-120 Mr/kr IpyHTY.

JlochikeHHT TIPOBOAWIM 3 YpaxyBaHHSAM YCiX BHMOT METOAWK JOCIHIZHOI CIIPaBH
(HTocnexoB b. O., 1985). Cxema mocmiay Biimrodana Tpu dhakrtopu: dakrop A — copta (Okcamut
i Mapis); dpaktop B — HOpMu azotHux nodpuB (PeoKog — pon — K; dhon + Njp; dor + Ny i
¢oH + Ng); paxrop C — repoinuau (OyTizaH i KOMaHz).

VY craTTi po3risHyTO (PEHOJOTIYHI CHOCTEpeKEeHHs 3a (azaMu pO3BUTKY POCIHH pilaky
sporo. [lokazaHo TpuBanmicTe MiK(pasHMX TMEpIOJIB pimaKy Sporo 3ajeXHO BiJl COPTY,
ynobpennst i repoOiuuniB. IlpoBeneno nucnepciiiHuii ananiz MDK(pa3HMX INEpiONiB: CXOMU-
cTeOyBaHHsI, CTCONYBaHHS-0yTOHI3aIlisA, Oy TOHI3AIIS-I[BITIHHSL.

BcraHoBieHo, 10 B yMOBax OUIBII XOJIOAHOTO i BOJOTOrO 3a KJIIMAaTHYHMMH YMOBaMH
[TepenkapmaTTss TPUBAIICTh MPOXOHKEHHs (Da3 BereTallii poCIWH MaJld CBOi OCOOJMBOCTI i1
3aJekand SK BiJl KIIMaTHYHUX OCOOJNMBOCTEH POKY Tak i Oi0JOTIYHHX OCOOIMBOCTEH COPTY,
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JI03 BHECEHHS MIiHEpaNbHUX NOOpUB 1 TepOirmumiB. 30Kpema, B IMEpioJl CXOIU-CTEOIyBaHHS
Haii0ipIIa YacTKa BIUIMBY Ipunanae Ha noopuBa — 78 %; 3HauHO MeHIIe Ha repoinunu — 7 %,
Ha B3aEMOJIII0 copTy 1 noOpuB — 4 %; copty i repOimaie — 1 %, a B mepion credIyBaHHS-
OyroHi3alis HaiOUIbIIA YacTKa BIUIMBY npunaaae Ha noopusa — 30 %; Ha repOiunan — 25 %,
Ha B3aEMOJIiI0 COPTY 1 oOpuB — 5 %; mobpuB i repOiruais — 1 %.

ITokazaHo, 10 3a pe3yiabTaTaMu JIOCTIDKEHb BIUIMB A00pHB 1 repOilU/iB Ha TPUBAIICTh
BEreTaliifHoro nepioay BiAYyBaBCs, B OCHOBHOMY, B paHHIX (azax Bereramii pimaky sporo
coptiB Okcamut i Mapis, B Oinbin mi3HiX (as3ax neil BIUIMB HiBedroBaBcs. HaiikopormnMm BiH
OyB Ha IUIAHKax, ymoOpeHmx jume ¢ochopHO-KaTIHHUMHI ToO0puBaM. J[omaTkoBe BHECCHHS
a30THUX J0OpWB Ha (HoHI HOoCPOPHO-KATINHNUX ITOTOBXKYBAIO TPUBAJICTD BEreTallii pOCIHH.
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ALLUVIAL SOILS IN OLD - RIVER BED OF WISLOK IN
«PRADOLINA PODKARPACKA»

Abstract. Alluvium accumulated over the centuries by river waters, at their bottom is the
source of nutrients available to plants. From the point of view of 21st century agriculture, they
can create opportunities for the development of this branch of economy.

This paper presents the characteristics of alluvial soils of the Wistok river bed in the area
between Rzeszow and Lancut, three soil profiles are located on the right bank of the river bed
along the cross-section of the valley in Krasne. They are characterized by their location in
terrain, morphological, physicochemical and chemical properties. The soils formed on the
lateral cross-section of the valley are made of eluvium belong to the brown, humus and proper
alluvial soils, while on the old accumulation terrace they have lost their stratification, and the
soil process is similar to the brown soils. The results of studies show that both arable land and
grasslands located in the valley of the Old Wistok are characterized by high nutrient content,
which determines their high fertility.

Key words: grain size, organic matter, sorption capacity, available forms of nutrients

INTRODUCTION

Water conditions and the nature of the substrate in the upper reaches of the river mainly
determine the lithogenesis of inflowing soils. The first observations of these soils in the Wistok
Valley were carried out by Dobrzanski in the 1950s [4]. The waters of Wistok cross the Krosno and
Cretaceous layers on a considerable length, and then pass through the belt of the Podkarpacie loess
and finally beneath Rzesz6w flow among glacial rocks [8, 15]. The Wistok Valley in the early
37 km, from the source of the Besko is very narrow and has a longitudinal slope — source 760 and
Besko 288 m.n.p.m. - which is not conducive to the accumulation of water-based material. Only
below the Besko there are significant valley extents in the area of the Jasielsko-Sanockie Pits and
below Babica - and the fall of the valley floor is remarkably reduced, and consequently the
accumulation processes increase [4]. After passing Rzeszow Wistok, affects the area of the
Podkarpackie Pradeland, where it changes its character to a typical lowland. There are extensive
accumulation areas with large thicknesses formed from deposited alluvium. At the bottom of the
valley can be observed numerous changes in the river bed, which occurred in the holocene, also in
historical times [7]. The current Wistok riverbed was formed during the huge floods around the
middle of the 18th century [9, 6]. In the valley of the lower Wislok, there are light, medium and
heavy alluvial soils and marsh soils in the lowering of the area.

The aim of the study was to recognize the soil structure and the soil-forming process in the
old — river bed of Wistok on selected sections of Krasne and to determine their agricultural
suitability in relation to their location.

METHODS

The research was conducted on the soil of the old river bed of Wistok. In the four
crossings of the valley in Pobitno, Zateze, Krasne and Krzemienica, 11 soil profiles were
exposed at different distances from the river bed and at different altitudes to the water level.
55 soil samples from the distinguished genetic levels were taken for laboratory testing. Samples
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were dried and sieved through a 1 mm mesh screen. The paper presents soil characteristics
within the old river bed valley in Krasne village. The following laboratory tests were carried out
on the obtained soil material: grain-size distribution with the Casagrande method as modified
by Prészynski, pH reaction in 1 M KCl with the potentiometric method, hydrolytic acidity and
the sum of exchangeable bases with the Kappen method, organic carbon determination with the
Tiurin method, available forms of phosphorus and potassium by Egner-Riehm method and that
of magnesium with Schachtschabel’s method.

RESULTS AND DISCUSSION

River basins are young Holocene soils formed in specific ecological, hydrological and
geomorphological circumstances, conditioned by the nature of the river, its length, the
characteristics of its catchment and climate [10, 5]. The main factor in their formation are
surface flow soils which, depending on time, volume and flow velocity, determines the spatial
and vertical distribution of alluvial deposits, their granulometric composition and
microstructure [11,13,1,2]. Alluvial soils located in the old river bed of Wistok are
characterized by high variability in terms of granulometric composition. Similar conclusions
have been made by Malinowski [12] conducting research on the soils of the vicinity of the
Cedynski Landscape Park.

The first profile in Krasne was located on permament grassland at the height of 201 a.s.] at
a distance of 1600 meters from the water mirror, 9 meters above the river bed. At its depth there
is a plain dust with a sand content of 15 to 23%, silt and clay fraction to 33 % and a colloidal
clay content of 7 to 10%.

The soil reaction to a depth of 70 cm is acidic, below slightly acidic and the associated
hydrolytic acidity decreases systematically with depth and takes values from 5.6 to
2.1 mmol (+) / 100g soil. The humus level is up to 14 cm and the organic carbon content is
1.45%. The capacity of the sorption complex at different genetic horizons of this soil is 8 to
28 mmol (+) / 100 g soil, and the saturation level of the sorption complex at depth 0-69 cm is
about 50%, below is 80-90%. At the particular genetic horizons of this soil, there is a low
abundance in easily available phosphorus and potassium, while magnesium is in average level
(Figure 1). Similar low content of available phosphorus and potassium was found in the sois
occurring in the Ina River Valley [3]. The organic carbon content of the entire profile is
8.8 kg / m”. This soil belongs to alluvial brown soil.
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Ryec. 1. Content of available forms of selected macroelements
with differentiation into genetic horizons - profile 1.
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The second profile was exposed next to the cultivated field, about 350 meters from the old
river bed, at an altitude of 195 m. a.s.l. and 3 meters above the water mirror. In level ap there is
an medium clay located on heavy clay. Below, up to a depth of 125 cm is loam, which reaches
the silty layer. The content of sand in the humus horizon reaches 30% and decreases with depth,
while the content of silt and clay fraction reaches 88% at a depth of 75-100 cm. This level also
has the highest fraction of colloidal clay - 52%. The humus level has a thickness of
16 cm and a high organic carbon content - 3.91%, while below it, in the level of browning, is
1.46%. The soil reaction to a depth of 75 cm is very acidic (4.1 - 4.6 pH in KCI solution), while
deeper is acidic (pH 5). The hydrolytic acidity decreases with the depth from
10 mmol (+) / 100g of soil in humus horizons to 2.2 mmol (+) / 100g of soil in the mother rock.
The sorption capacity in whole profile is high and reaches 40.4 mmol (+) / 100g of soil. The
degree of saturation of the sorption complex with bases is 92% on the depth of 125-150 cm and
decreases upwards. The content of available forms of phosphorus is low, magnesium is high,
potassium is high in the humus level and average in the rest of the profile (Figure 2), which is
associated with agricultural production and the use of mineral fertilizers. The total organic
carbon content of the entire profile is 16.0 kg / m®. Similar results were obtained by H. Czyz et
al. in studies of humus soils in the valley of the Warta estuary [14]. This soil belongs to humus
alluvial soils characterized with high usability value.
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Ryec. 2. Content of available forms of selected macroelements
with differentiation into genetic horizons - profile 2.

In the third profile, located at 193 m a. s. 1., about 500 meters from the river bed, 1 meter above
the water surface, in the humus horizon there is a silt loam deposit on silty clay. At a depth of 100-
150 cm there is a silty soil with a sand content of 9 to 19%. The content of silt and clay fraction
reaches 64% at a depth of 75-100 cm and the fraction of colloidal clay at this level reaches 26%. The
organic carbon content in Ap horizon is 1.34%. The soil reaction measured in 1M KCI takes values
from 4.2 to 4.7 pH, very acidic at depth 0-38 cm, while below it is acidic. The hydrolytic acidity
decreases with depth and ranges from 2.37 to 5.36 mmol (+) / 100g soil. The saturation of the
sorption complex with bases at this level is 75% and the highest value is reached at a depth of
100 cm - 81%. The content of available forms of phosphorus is low, potassium is medium, while
magnesium is high at a depth of 38-100 cm and average in other levels (Figure 3). The organic
carbon content of this profile is 9.0 kg / m®. This soil belongs to the proper alluvial soils.
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Table 1. Selected morphological, physical and chemical characteristics of soils in Krasne

Genetic | Depthin | Hh' ‘ s? | T V' [P,0s |K20 ‘MgO pH % C | Mass
g |horisons | oM omol () /100g | % | mg/100gsoll | H,0 |KCl | O o(;gcih
&£ soil kg/m2
A 0-14 |56 | 7,0 126 |556 | 57 |36 | 102 |53 |42 |15
B 1469 | 44 | 36 | 80 |450 | 6,7 | 49 | 104 | 56 | 43 | 07
B/IC | 70-100 | 2.9 |253 [28,1 900 | 7.9 |50 | 9.1 |62 |50 |04 | 88
1 Cl 101-125 | 2,1 | 7.9 |119 [815 | 68 | 7.6 | 84 | 65 |53 | 0.4
C2 126-150 | 3,0 | 43 |17.3 |827 | 33 | 69 | 119 | 65 | 52 | 03
A 0-16 | 10,1 |30,3 404 |750 | 04 |219 | 234 | 52 | 41 |39
B 1736 | 6,4 352 | 41,6 | 846 | 0,02 | 134 | 347 | 56 | 42 | 1,5
B/C 3775 | 47 [33,1 379 | 873 | 02 |146 | 340 | 58 |44 |09 | 160
5 Cl 76-100 | 4.4 | 34,0 |384 |885 | 04 |190 | 380 | 60 | 46 | 07
C2 101-125 | 3,0 |262 |292 [897 | 1.8 | 16,1 | 339 | 64 | 50 | 0,5
C3 126-150 | 2.2 265 | 28,7 |923 | 3,1 | 129 | 295 | 64 | 50 | 0.3
A 026 | 54 |171 |225 [760 | 34 |11,7 | 154 |53 |42 |13
A/C 2738 | 5.1 | 125 |17.6 | 71,0 | 14 | 11,7 | 192 | 55 | 42 |09
Cl 3975 | 3.6 123 159 |77.4 | 02 [112 [ 251 |60 |47 |06 | 90
3 C2 76-100 | 3.4 | 14,5 [17,9 |81,0 | 05 | 166 | 244 | 60 | 47 | 05
C3 101-125 | 2,7 | 10,7 [134 [799 | 12 [100 | 168 | 56 | 45 | 02
C4 126-150 | 2.4 | 91 115|791 | 09 | 7.9 | 157 | 58 | 46 | 02

'Hh - Hydrolytic acidity

’S - Capasity exchangeable cations
T - Total cation exchangeable capacity
*V - Base cation saturation
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CONCLUSIONS

Alluvial soils in the area of old river bed of Wistok were created of repeatedly moved
alluvia and delluvia.

The grain-size distribution along the river bed is not related to the distance from the
source, but depends on local changes in the water flow rate.

Typologically, these soils belong to the proper, brown or humus alluvial soils.

Arable land and grassland in the Old Wistok Valley are rich in nutrients and their
usefulness depends on the water-air relations in the soil.
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ABSTRACT

GLEBY ALUWIALNE W STARORZECZU WISLOKA MIEDZY
RZESZOWEM I LANCUTEM

W rejonie Rzeszowa Wistok wplywajac na teren Pradoliny Podkarpackiej rozpoczyna
swoj bieg nizinny. Spadek wzgledny jego dna - na odcinku okoto 60 km od Rzeszowa do ujscia
do Sanu wynosi 0,456%o, co sprzyja odktadaniu aluwiéw. Trzeciorzedowy material erodowany
w gorskim i podgérskim odcinku rzeki miesza si¢ tu z osadami deluwialnymi okresu
miocenskiego, przesortowanymi przez wody topniejacego lodowca i najstarszymi osadami
plejstocenskimi. W osadach nowozytnych w wyniku naktadajacych si¢ proceséw erozyjnych i
akumulacyjnych, zwigzanych z wysokimi stanami wdd, powierzchnia gleb w obrebie Pradoliny
Podkarpackiej byla dynamicznie zmieniana, co prowadzilo nawet do wielokrotnej zmiany
przebiegu gtéwnych rzek. Badaniami terenowymi obj¢to gleby w dolinie starorzecza w czterech
poprzecznych przekrojach, w miejscowosciach Pobitno (2 profile), Zat¢ze (3 profile), Krasne
(3 profile), Krzemienica (3 profile). Opisano ich potozenie w rzezbie terenu oraz budowe
morfologiczng w wyznaczonych reprezentatywnych profilach i pobrano 55 préb glebowych z
wydzielonych pozioméw genetycznych do badan laboratoryjnych. W artykule przedstawiono
charakterystyke gleb w obrebie doliny starorzecza w miejscowosci Zalgze. Z obserwacji
terenowych i analizy map topograficznych wynika, ze Pradolina Podkarpacka w omawianym
rejonie ma charakter ptaski, przy deniwelacjach siggajacych kilku metréw. Stabe urzezbienie
powierzchni ogranicza predko$¢ przeptywdéw wdd powierzchniowych i sprzyja sedymentacji
materiatu aluwialnego, co prowadzi do jej wypelnienia i dalszego zmniejszenia predkosci
przeptywéw. Silna rozbudowa sieci starorzecza Wistoka miedzy Rzeszowem i Lancutem
wskazuje na wielokrotng zmiang jego przebiegu w czasach nowozytnych. Migdzy Rzeszowem i
Lancutem starorzecza Wistoka cechuje si¢ duza liczbg zakoli i meandréw, co dobrze
odzwierciedla wspolczynnik jego rozwinigcia (stosunek dlugos$ci koryta miedzy dwoma
punktami do odlegto$ci migdzy nimi.) wynoszacy S$rednio 1,5, a w niektérych miejscach
przekraczajacy warto$¢ 3. Zréznicowane lokalnie rozwinigcie koryta starorzecza oddziatywuje
na warunki sedymentacji aluwiéw i decyduje o rozktadzie uziarnienia w obrebie doliny/

Gleby aluwialne w starorzeczu Wistoka ponizej Rzeszowa wytworzyly si¢ z aluwidéw i
deluwiéw wielokrotnie przemieszczanych. Poprzeczny przekrdj doliny Wistoka charakteryzuje
si¢ zmiennym uziarnieniem. W cze$ci przyleglej do starorzecza w profilach wystepuje
warstwowanie 1 dominuja frakcje o < 0,02 mm, za§ w obrebie starych terasow
akumulacyjnych frakcja pytu. Dynamika proceséw glebotwoérczych zalezy od odlegtosci od
koryta rzeki. Mady wtasciwe wystepuja na najmtodszej terasie. Mady brunatne wystepuja na
starych zgradowiatych terasach akumulacyjnych potozonych powyzej 10 metréw od
wspoélczesnego lustra wody. Mady préchniczne wystepuja niezaleznie od potozenia w rzezbie
terenu. Warto$¢ rolnicza gleb wytworzonych z osadéw aluwialnych w dolinie Wistoka zalezy
nie tyle od zawarto$ci przyswajalnych form skladnikéw pokarmowych lecz od zaawansowania
procesu glebotworczego.
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FUNCTIONAL ORGANIZATION OF PHYTONEMATODES FROM
SOIL OF FIR OAKWOOD IN UKRAINIAN CARPATHIANS

Abstract. The quantitative characterization and functional organization of
phytonematodes from soils of fir oak wood is investigated. It was established that the number of
soil nematodes groupings in the conditional primary ecosystem of the oak wood in spring was
represented by all functional groups; the least settling of soil with phytonematodes was
registered in the summer period; their number increased in autumn.

The peculiarity of seasonal changes in the number of phytonematodes in the recreationally
loaded area (FirOs), in comparison with the conditionally indigenous, is the low population of
the soil at the beginning of the vegetation. The habitat of soil phytonematodes on
anthropogenically transformed area is mainly due to saprophages, but their share is also
considerably smaller than in the primary ecosystem, and the share of phytogelmints increases
significantly.

Keywords: fir oak wood, biocenosis, soil nematodes, bioindication.

INTRODUCTION

Nematodes are one of the most common organisms in the animal world, which account for
four quintals of the entire animal world. They are an important component of the fauna in any
terrestrial or aquatic ecosystem. Growth of interest in nematodes attracts the researchers’
attention in terms of their use as bioindicators. Currently about 20 thousand species of
nematodes are described and 4 thousand of them are related to plants [4, 6].

Nematodes are common in all water and terrestrial ecosystems without exception, and play
an important role in the processes of group composition regulation and activity of microflora.
This systematic group made the transition from seawater to fresh and from there to the ground
[15]. There are about 2000 species of nematodes living in the soil. Nematodes are
geogridobions, that is, live and move in groundwater tapes. The mechanical composition of
soils, soil moisture and availability of food are the most important factors determining the
diversity of fauna nematodes in the soil [3, 4, 5].

Soil nematodes, like inhabitants of litter and surface soil layers, first are exposed to
harmful substances accumulated in the environment, react to the influence of various substances
and can be used for bioindicatory purposes. It is expedient to use them as a bioindicative group
for functional organization of soil invertebrates. Information on the structural organization of
groups, the participation of the certain species co-populations in it, and the peculiarities of their
seasonal changes, makes it possible to identify bioindicative groups of organisms, on which
basis it is possible to estimate the influence on external factors for biogeocoenosises [7, 8].

Most species of phytonematodes are characterized by mediated connections with plants
and are fed by fungi and bacteria, using dead organic plant remains as a source of nutrition, or
become plants parasites. They affect the formation of primary products, take part in destructive
processes, their livelihoods contribute to more complete use of energy resources and balance
processes in the ecosystem. All this makes them good indicators for the ecological state of the
soil and the functioning of the soil block of invertebrates in the ecosystem [6,7].
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In primary ecosystems, primary nematode complexes are formed in the framework of the
biogeocoenosis type, for which a certain seasonal dynamics of the number and ratio of trophic,
ecological and functional groups is characteristic [1, 8].

The autotrophic unit has the greatest influence on the formation of phytonematode
groups, since the development of these or other species of herbivorous and saprobionous
nematodes depends directly and indirectly on the species composition of plants, the chemistry
of their precipitations and decay [17, 18]. The dimensions and autecological features of the
species from the above groups of nematodes are crucial for the formation of the species
composition for predatory phytonematodes groups. In general, the structural organization of the
phytonematological group, primarily species composition, depends on the vegetation edificator.
Certain influence on the formation of the nematode fauna is also due to other components of
soil zoocenosis. The combination of these influences determines the specific features of the
structural organization for primary nematode complexes in different vegetation groups, and they
depend on growth conditions, species composition and vegetation cover structure within the
limits of vegetation zones [7, 8, 9].

In different types of biogeocenosis, these complexes differ in species diversity,
quantitative ratio of taxa, indices of the soil population and the participation in this process of
trophic groups, the features of the seasonal dynamics of the group, etc., but they have a
common feature, namely: regardless of their location above the sea level and vegetation zones,
the same phytomede complexes remain the same in their functional organization, in particular,
the share of energy consumed by phytophagus is 1-2% in most cases, the saprophages are about
90%, the rest belongs to predators. Actually, this general property of the primary soil nematodes
complexes is an indicator for the naturalness (naturality) of the ecosystem [5, 6].

The main signs of changes in the structural and functional organization of soil nematodes
in anthropogenically simplified and secondary ecosystems are the following: impoverishment of
species diversity or even the emergence of new types of phytogelmints, changes in the ratio of
taxonomic, trophic and functional groups of nematodes, in particular, increasing the proportion
and the quantitative indices of phytoparasitic species [5, 9].

The general objective of the work involves, based on the bioindicative properties of the
soil nematodes, to establish the natural state of the oak groves, provided that the natural
structure of the stands is restored. In this publication, the task is to analyze the quantitative
characteristics and features of the functional organization for phytomematods of the fir
seedlings in the Precarpathians of Ukraine.

MATERIALS AND METHODOLOGY OF RESEARCHES

The research was carried out in fir oak woods within the Drohobych foothills of the
Dniester Pre-Carpathian region on the territory of Truskavets and Drohobych forestry in old
forests with different anthropogenic loads. These forests are bicolour and formed by Abies alba
and Quercus robur; Acer pseudoplatanus, Carpinus betulus and Tilia cordata are common [10].
They are characterized by the natural structure of woodlands. The least anthropogenically
altered fir-tree FirO2 (49°15'50"N, 23°31'48"E), located in Dobrogostiv forestry, is 414 m high.
The forest ecosystem FirO1 (49°17'44"N, 23°30'35"E) is 343 m high and FirO3 (49°1720"N,
23°28'23"E) is on 398 m high. They are located in Truskavets forestry and undergo a
recreational load.

Sampling was carried out in spring, summer and autumn 2015-2017. Soil samples were
taken by a biocenometer with a 5,5 cm cavity diameter. The isolation of nematodes was carried
out using a commonly applied Berman method with a three-time repeat, using the Kempson
instrument. Exposure was at least 48 hours, after which nematodes were fixed by formalin. To
establish a functional organization of fixed nematodes, temporary water-glycerine preparations
were made [2].
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RESEARCH RESULTS AND DISCUSSION

It was established that the formation of nematode groups in fir-oak ecosystems occurs
with the participation of such functional groups: saprophages, predators and phytophages.

The research results in 2015 showed that the number of soil nematodes groups of
anthropogenically fir-tree transformed area (FirO1) amounted to 90,1 thousand individuals per
1 m” in the spring and was represented by all functional groups, including saprophages — 88,0%,
predators — 8,0%, phytophagous — 6,0%. In the summer, more than 99,5 thousand individuals
per 1 m* were registered, where the sapropages are 87,4%, predators — 7,7%, phytophages —
4,9%, their number was 86,5 thousand individuals per 1 m? in the autumn: sapropages — 87,3%,
predators — 6,9%, phytophages — 5,8% (see Table 1).

In the conditional primary ecosystem, which is a nature reserve and recreationally
unloaded (FirO2), the number of soil nematodes groups was about 266 thousand individuals per
1 m” in the spring and was represented by all functional groups, including saprophages — 91,5%,
predators — 5,4%, phytophages — 3,1%. In the summer, the smallest population of
phytonematodes was recorded 88,7 thousand individuals per 1 m*: saprophagous — 91,4%,
predators — 5,8%, phytophages — 2,8%, their number increased in autumn and amounted to
111,7 thousand individuals per 1m2, where the sapropages are 90,8%, predators — 6,2%,
phytophages — 3,0%.

Table 1.
Functional organization of the soil phytonematodes
of fir grove in Precarpathians (2015)

Trophic group,%
Vegetation period 2015
Saprophages, % Predators, % ‘ Phytophages, %
FirO1
spring 88,0 8,0 6,0
summer 87,4 7,7 4,9
autumn 87,3 6,9 5,8
FirO2
spring 91,5 5,4 3,1
summer 91,4 5,8 2,8
autumn 90,8 6,2 3,0
FirO3
spring 85,5 8,9 5,6
summer 85,2 9,2 5,7
autumn 84,9 9,2 59

FirO1 — fir grove (anthropogenically transformed);
FirO2 — fir grove with grasses (natural structure of woodlands);
FirO3 — fir grove with small cover (recreationally loaded).

At the recreationally loaded area (FirO3), the number of soil nematodes groups amounted
to about 20 thousand individuals per 1 m® in the spring, among which saprophages are 85,5%,
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predators — 8,9%, phytophages — 5,6%. In the summer 82,0 thousand individuals per 1 m* were
registered: saprophages — 85,2%, predators — 9,1%, phytophages — 5,7%. In the autumn, the
number of phytonematode groups increased and amounted to 117,8 thousand individuals per 1 m?,
among which the sapropages — 84,9%, predators — 9,2%, phytophages — 5,9%.

The research results in 2016 showed that the number of soil nematodes groups in the
monitoring area of fir groves (FirO1) was about 63,2 thousand individuals per 1 m” in the spring
and was also represented by all functional groups, including saprophages — 88,5%, predators —
7,4%, phytophagous — 4,1%. In the summer, the amount of phytonematodes was more than
109,3 thousand individuals per 1 m? where the share of saprophages was lower and amounted to
86,7%, however, the share of phytophages increased by 5,9%. In the autumn, the number of
phytonematodes increased to 229,9 thousand individuals per 1 m” and had the following
characteristics: saprophages — 87,5%, predators — 7,4%, phytophages — 5,1% (see Table 2).

The number of soil nematodes groups in the area (FirO2) amounted to about
257,4 thousand individuals per 1 m” in the spring period and was represented by all functional
groups, among which saprophages were 90,5%, predators — 6,4%, phytophages — 3,1%. In the
summer period, the least settling of soil with phytomedicides was recorded as 105,6 thousand
individuals per 1 m’, including saprophages — 91,0%, predators — 6,0%, phytophages — 3,0%. In
the autumn, the number of phytonematodes increased and amounted to 146,6 thousand individuals
per 1 m* among which sapropages were 90,8%, predators — 6,3%, phytophages — 2,9%.

Table 2.
Functional organization of the soil phytonematodes of fir grove in
Precarpathians (2016)
Trophic group,%
Vegetation period 2016
Saprophages, % Predators, % Phytophages, %
FirO1
spring 88,5 7.4 4,1
summer 86,7 5,9 7.4
autumn 87,5 7,4 5,1
FirO2
spring 90,5 6,4 3,1
summer 91,0 6,0 3,0
autumn 90,8 6,3 2,9
FirO3
spring 85,4 9.1 5,5
summer 84,9 9,3 5,8
autumn 85,2 9,0 5,8

FirO1 — fir grove (anthropogenically transformed);
FirO2 — fir grove with grasses (natural structure of woodlands);
FirO3 — fir grove with small cover (recreationally loaded).

In the studied area (FirO3), the number of soil nematodes groups amounted to about 82,5
thousand individuals per 1 m” in the spring, among which saprophages were 85,4%, predators —
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9,1%, phytophages — 5,5%. In the summer, 242,5 thousand individuals per 1 m’ registered:
sapropages — 84,9%, predators — 9,3%, phytophages — 5,8%. In the autumn, the number of
groups was 96,8 thousand individuals per 1 m” among which saprophages were 85,2%,
predators — 9,0%, phytophages — 5,8% (see Table 2).

The research results in 2017 showed that the number of soil nematodes groups of
anthropogenically fir-tree transformed area (FirOl) amounted to 139,4 thousand individuals
per 1 m” in the spring and was represented by all functional groups, including saprophages —
86,5%, predators — 8,1%, phytophagous — 5,4%. In the summer, more than 56,3 thousand
individuals per 1 m” were registered, where the sapropages are 85,4%, predators — 8,3%,
phytophages — 6,3%, their number was 202.,6 thousand individuals per 1 m® in the autumn:
sapropages — 87,3%, predators — 7,8%, phytophages — 4,9% (see Table 3).

Table 3.
Functional organization of the soil phytonematodes of fir grove in
Precarpathians (2017)
Trophic group,%
Vegetation period 2017
Saprophages, % | Predators, % ‘ Phytophages, %
FirO1
spring 86,5 8,1 5,4
summer 85,4 8,3 6,3
autumn 87,3 7,8 4,9
FirO2
spring 90,3 6,5 3,2
summer 89,9 7,2 2.9
autumn 91,3 5,6 3,1
FirO3
spring 83,8 10,9 53
summer 84,2 10,7 5,1
autumn 85,1 9.4 5,5

FirO1 — fir grove (anthropogenically transformed);
FirO2 — fir grove with grasses (natural structure of woodlands);
FirO3 — fir grove with small cover (recreationally loaded).

In the conditional primary ecosystem, which is a nature reserve and recreationally
unloaded (FirO2), the number of soil nematodes groups was about 94,1 thousand individuals
per 1 m” in the spring and was represented by all functional groups, including saprophages —
90,3%, predators — 6,5%, phytophages — 3,2%. In the summer, the smallest population of
phytonematodes was recorded 111,4 thousand individuals per 1 m*: saprophagous — 89,9%,
predators — 7,2%, phytophages — 2,9%, their number increased in autumn and amounted to
240,0 thousand individuals per 1m2, where the sapropages are 91,3%, predators — 5,6%,
phytophages — 3,1%.

At the recreationally loaded area (FirO3), the number of soil nematodes groups amounted
to about 130,6 thousand individuals per 1 m’ in the spring, among which saprophages are
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83,8%, predators — 10,9%, phytophages — 5,3%. In the summer 152,3 thousand individuals per
1 m* were registered: saprophages — 84,2%, predators — 10,7%, phytophages — 5,1%. In the
autumn, the number of phytonematode groups increased and amounted to 30,4 thousand
individuals per 1 m’, among which the sapropages — 85,1%, predators — 9,4%, phytophages —
5,5% (see Table 3).

In the recreationally loaded area (FirO3), compared to the conditionally primary
ecosystem (FirO2), the share of saprophages decreases, while the share of phytophagous
animals increases slightly. The features of seasonal changes in the number of phytonematodes
in the recreationally loaded area (FirO3), in comparison with the conditionally indigenous, is
the low population of the soil at the beginning of the vegetation. The habitat of soil
phytonematodes on anthropogenically transformed area is mainly due to saprophages, but their
share is also significantly smaller comparing the primary ecosystem.

Economic activity in the areas (FirO1) and (FirO3), which results in significant changes in
plant cover, led to the formation of secondary unstable phytonematodic complexes,
accompanied by significant changes in the functional organization of nematode groups.

In general, the number and functional organization of phytonematode groups influence
the recreational load and successional processes of restoring the natural structure in the oak
grove.

Knowing the qualitative and quantitative characteristics for the primary complexes of soil
nematodes, in a particular, the type of biogeocoenosis, the indicators of the structural and
functional organization for their groups can be used as indicators for the belonging of a specific
biogeocenosis ecosystem to the primary, or to assess the state of their naturalness.

CONCLUSIONS

The use of bioindicative characteristics of primary phytonematode complexes for specific
types of biogeocoenoses enables to determine the belonging of biogeocenous ecosystems to the
primary or to establish the magnitude of their naturalness according to the structural and
functional parameters of the soil nematodes groups.
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AHOTAIIS

OYHKHIOHAJIBHA OPTAHIBALIA ®ITOHEMATO/l I'PYHTY

SUITMIEBUX AIGPOB IEPEJIKAPIATTS YKPATHU

3arampHa MeTa poOOTH Tiepenbadae HAa OCHOBI OilOIHAWKAIIHHUX BJIACTHBOCTEH

YIPYNOBaHb IPyHTOBMX HEMATOJl BCTAHOBMTH CTaH MPUPOIHOCTI SUTHIICBUX MIOpOB 3a
YMOBH BiJTHOBJICHHS IXHBOI IPUPOJTHOT CTPYKTYPH JIepeBOCTaHiB. Y wLill myOuikawii mocrasieHe
3aBJaHHSA TIPOAHANI3YBaTH KiIBKICHI XapaKTepUCTHKHA Ta OCOOIMBOCTI (PYHKITIOHATHHOL
opranizarii (piToHEMaTO ] IPYHTY suTMIIeBUX Ni0poB Ilepenkapnarts Ykpainu.

JlocmimkeHHST TIPOBOAMIIN B SUTUIICBUX AiOpoBax y Mexkax JIporoOHIbKOTo mepenrip’s
JuictpoBcbkoro Ilepeakapmartss Ha Teputopii TpyckaBempkoro Tta J[0oO6poroctiBchbKoro
JIICHUIITB Y CTAPOBIKOBHX JIicax, Ki MalOTh Pi3HE aHTPOITOTEHHE HABAHTAKEHHSI.

VY pe3yibTaTi JOCHIIKEHb BCTAHOBJICHO, 110 (OPMYBAHHS HEMATOMHHX YIPYIyBaHb y
STTMLIEBO-TyOOBUX €KOCHCTEMax BiOYBA€ThCS 3a YYacTIO TakuX (YHKUIOHAIBHUX TpYI:
canpodary, Xmwkaku 1 ¢itodaru.
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Ha pexpeamiitno HaBaHTakeHid momi (fn/[3), MOpiBHIHO 3 YMOBHO TIE€PBUHHOIO
ekocuctemoro (SnJl2) wactka campodariB MeHIna, mpore 30UIBIIYEThCSI YacTka (itodaris.
OcCoOJMBICTIO CE30HHUX 3MIH YHCENBHOCTI (iTOHEMAaToJ Ha pEKpealiifHO HaBaHTaXEHiH
st (S1n/13), TMOpiBHSHO 3 YMOBHO KOPIHHOIO, € Maja 3aceleHICTh IPYHTY Ha I0YaTKy
Bererauii. 3acejaeHHs (iToHEMaroJaMH IPYHTY Ha aHTPOIOTEHHO TpaHc(opMoOBaHIM IO
BiZI0YBaETHCSI B OCHOBHOMY 32 paxyHOK carpodaris, ajle iX 4acTKa TaKoX € ICTOTHO MEHIIOIO,
HDK y TepBUHHIA ekocuctemi. ['ocnmomapchka nisutbHicTh Ha twiomax (An/l) 1 (And3),
YHACJIJIOK SIKOT BiIOYBAIOTHCS CYTTEBI 3MIHM POCIMHHOTO IOKPUBY, IIPU3BEa 10 (OPMYyBaHHS
BTOPMHHHUX HECTIHKHX (ITOHEMATOMHUX KOMIUIEKCIB, IO CYNPOBOKYETHCS 3HAYHUMHU
3MiHaM¥ (PYHKITIOHATBHOI OpraHi3amii HEeMaTOIHOTO YTPYHOBaHHS.

3aramoM pekpeamniliHe HaBaHTa)KEHHS 1 CyKIECifHI HpomecH BiTHOBICHHS IMPHPOIHOI
CTPYKTYpPH B SUIMIEBUX diOpoBax TMO3HAYAIOTHCS HA YHCENIBHOCTI Ta (DYHKIOHATIBHIN
oprasizamii (piTOHEMaTOIHUX yTPYHOBaHb.
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THE ROLE OF AMBLYSTEGIUM SERPENS AND BRACHYTHECIUM
MILDEANUM IN THE CHANGE OF AMMONIA CONTENT IN THE
CARPATHIAN WELLS WITH DIFFERENT TYPE OF
ANTHROPOGENIC LOAD

Abstract. The article analyzes the role of bryophytes Amblystegium serpens and
Brachythecium mildeanum in forming the quality of drinking water. Bryophytes can change the
chemical properties of the water environment: accelerate the of nitrification phase, reduce the of
ammonia nitrogen content, etc. [1, 14, 20]. This ability is provided by ammonia-binding
properties of plants.

It was investigated that aquatic plants operate several enzyme systems for conversion of
nitrogen compounds, especially ammonium binding that are activated by water pollution. The
main form of nitrogen assimilation in organic compounds is known to be ammonium ions.
Researches show [16] that the ammonium nitrogen assimilation occupy important enzymes
glutamate synthetase cycle. Key enzyme among them is the glutamine synthetase enzyme. In
terms of lack for reduced nitrogen in the cell, the genes, which products are involved in the
assimilation of hard assimilable sources of nitrogen, are activated. Plant enzymes are exposed
to external factors not directly but through a change in orientation of the physiological
processes of metabolites and their transport characteristics. GS and HDH regulation and the
relative contribution of these enzymes in the process of ammonium assimilation in various
organs during the growth and development for various nutrition types are studied
insufficiently [20]. The changes of ammonium ions content in wells water at surveyed areas
with different type of anthropogenic pressure and assimilation ability of Amblystegium
serpens and Brachythecium mildeanum was established. It is shown that the activity of of
nitrogen metabolism enzymes in mosses are closely linked to the NH," content in water: the
natural NH4 + level for its binding is sequentially performed by activating ammonia-binding
plants enzymes, and at the increased content it is mainly performed due to the NADP-
glutamate dehydrogenase.

Keywords: ammonium, Amblystegium serpens, Brachythecium mildeanum, drinking
water, wells, Carpathian region, glutamate dehydrogenase, glutamine synthetase.

INTRODUCTION

Aquatic plants growing in places, where the sources of drinking water supply are
contaminated, can be used for the study of adaptation to various factors, as well as the
indicators of toxic pollution, including the effect of heavy metals [11, 13].

In accordance with the adaptation to their existence in the certain hydrological regime, the
aquatic plants have different accumulation and retention mechanisms. It was found that of the
dead part of the moss cover has relatively high hydrolytic acidity, due to which the mosses cells
are characterized by a large absorption capacity and can retain the large quantities of both
hydrogen ions and other chemical elements [4].

Bryophytes reflect the ecological status of a water ecosystem more adequately in terms
of long-term exposure to chemical environmental factors. In particular they are able to
remove significant quantities of physiologically active substances from the water — phenols ,
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heavy metals, pesticides and nutrients [8, 9, 13]. Most of these elements are accumulated in
dead plant remains, particularly in the leaves, stems and inflorescences [2, 11,6], which may
adversely affect the water quality, causing deterioration in gas mode, increased ammonia
content and collected previously substances may enter water again. However, it was found
[10, 12] that a decrease in water temperature significantly slows down the process of
macrophytes degradation. It means that higher water plants are not significant polluters by
indigenous substance in the autumn-winter period [17].

MATERIALS AND METHODS

The studied territory of Pre-Carpathians was nominally divided into four parts by the
nature of anthropogenic load - technologically transformed, recreational, rural and urban area
[1]. The outskirts of Truskavets are the main objects of Carpathians natural reserve fund, and
the wells located within this territory were identified as the recreation area. The territory of
Drohobych and Stryi districts was identified as rural. Mykolaiv district, where the large
enterprise (OJSC “Mykolaivtsement”) is located, and the city Drohobych (where JSC
“SPC - Galicia” is located) were identified as the technogenically tranformed area. The
cities Boryslav, Drohobych, and Stryi were identified as the urbanized area. Study of the
species composition in water bodies showed that all investigated wells contain bryophytes
plants. In particular, creeping Amblistehium (Amblystegium serpens) was found in the wells
of rural area. Brachythecium mildeanum was found in the wells at technogenic, recreational
and urban areas - (table Identification of the species was carried out at the Institute of
Hydrobiology of NAAS of Ukraine.

The ammonium content was determined photometric method for qualitative reaction with
Nessler reagent at a wavelength of 420 nm. Water pH was determined using ionometer
MI - 150. The free oxygen content was determined by Winkler iodometric method. The activity
of glutamate dehydrogenase (EC 1.4.1.2) was established by spectrophotometric method for
NADH oxidation speed at 340 nm [16]. Glutamine synthetase (EC 6.3.1.2) activity was studied
in synthetase reaction [7].

RESULTS AND DISCUSSION

Studies showed that the predominant form of nitrogen compounds in the well water at all
investigated areas are ammonia nitrogen and nitrates. The ammonium compounds concentration
varies 0,24-8,87 mg/L, its maximum water content was found in urban areas (8.87 mg/L),
where its content exceeds the MPC by 4.5 times.

The highest NH," concentration in wells water at urban area was in July and it was
8.9 mg/L. In the next study period, this index is reducing, reaching a value of 3.8 mg/L
(August), 2.8 mg/L (November), 1.8 mg/L (February), and rose again: 6.8 mg/L (October), 4.5
mg/L (December).

The ammonium ion content wells water technogenically transformed territory was 3.5
mg/L in March, its contents decreased three times in May, and increased again in June. During
July-October NH," content rose again to a mark of 2.1 mg/L, but it fell again to the lowest level
0.3 mg/L in November. In November - February there was a rapid increase in its concentration
to the maximum value 6.1 mg/L.

The water at the recreation area had a slight increase, the sharp decline in 2-3 times to
2.7 - 3.0 mg/L (July) for the NH," concentrations. The maximum value for this indicator was
established in March (6.7 mg/L) and August (4.2 mg/L), a decline for this indicator to the lowest
level was registered in October (0.8 mg/L), but later NH," concentrations slightly increased
(2.8 - 3.0 mg/L), and this figure was again consistently low during November-February.
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The ammonium content in the water of rural area was the highest in March - 8.0 mg/L.
Later there was a rapid increasing to 2.7 mg/L (May), increase in July (5.8 mg/L), again fell
sharply in October and reached the lowest level (1.8 mg/L), but NH4 + concentration again
rapidly increased in November to February to 6.0 mg/L.

By quantitative indicators for NH4 + compounds, the content in well water for respective
territories is as follows: Urban > Rural > Recreational > Technogenically transformed.

The presence of ammonium ions in groundwater is the result of microorganisms. In some
cases, ammonium ions can form due to anaerobic recovery of nitrites and nitrates. Elevated
levels of ammonium ions indicates the deterioration for water sanitary condition. The increased
concentrations are caused by the inflow of household wastewater, nitrogen and organic
fertilizers in the groundwater. High ammonia nitrogen content in wells water is often
accompanied by the presence of other undesirable substances, such as manganese, iron,
hydrogen sulfide, etc.

NH," concentration indicators exceeded the MPC in all studied wells. It may be due to
high flow rates of nitrogen compounds in the water from anthropogenic sources, a violation of
local biogeochemical cycles and the physical and chemical environmental factors: pH, oxygen
mode, pollution by heavy metals, etc.

pH in the water at the studied area during the observation period the ranged from 6.35
(weakly acidic) - 7.45 (slightly alkaline).

The water at technogenically transformed territory had hydrogen ion content, which
ranged from 6.35 - 6.75. pH of water at the recreational area ranged from 6.8 - 7.45 during the
study period. The water at urban territory had hydrogen ion content, which ranged from 6.4 -
7.2. pH of water at the rural area ranged from 6.5 - 7.3. Moreover, the increase of this indicator
was recorded in winter and spring, and decrease was recorded in summer and autumn.

A direct correlation relationship between pH and ammonia content in wells water for
agricultural area in March (r = 0,9), water in urban areas in June (r = 0,94), water in technogenically
transformed territory in March (r = 0,52 ), water in recreation area in July (r = 0,96).

The dissolved oxygen content in water of wells located on the territory of Precarpathian
region ranged from 3.9 to 8.0 mg/L. As further study showed, the dissolved oxygen
concentration in the cold season is higher than in the summer due to the increase in its
solubility. The dissolved oxygen concentration in the water is determined by its consumption in
water for oxidation of organic matter, sediments, as well as by the conditions of its production
by phytoplankton and algae in the process of photosynthesis.

The ammonia concentration correlated with the O, content with the correlation index
r = 0,80 (August RA), r = 0,79 (June UT), r = 0,75 (Aug. TT).

Table 1.
Hydrochemical parameters of water samples from wells in Carpathian region at the

territories with different character of anthropogenic load (M £ m; n =5)

Hydrochemical parameters
Area NH,, 0,, pH,
mg/L mgO/L mol/L
June
Technogenically transformed 2.75+0.14 5.3+0.17 6.3+0.1
Recreational 3,8%0, 17 5.6+0.2 6.9+0.15
Urbanized 3.9+0.12 8.1+0.22 6.8+0.11
Rural 3.6x0.11 6.9+0.14 6.95%0.21
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September
Technogenically transformed 2.14+0.085 4.2+0.12 6.6+0.14
Recreational 4.3+0.17 3.8+0.18 7.1+0.25
Urbanized 3.84+0.07 5.4+0.21 6.8+0.2
Rural 2.4+0.11 4.6£0.12 6.55%0.22

The activity of glutamate dehydrogenase. Glutamate dehydrogenase is one of the key
enzymes for inorganic nitrogen assimilation. During the study, the trend a sharp increase in
NADH-glutamate dehydrogenase at technogenic territory 10 times from (0.05 + 0.003) - 10-3 in
June to (0.58 £ 0.43) - 10-3 was observed in September. The same trend is observed for changes
in the recreational area from (0.03 = 0.002) - 10-3 in June to (0.05 £+ 0.002) - 10-3 in September
and urban - from (0.15 £ 0.01) - 10-3 in June to (0.20 £ 0.018) - 10-3 in September, although the
changes are fairly minor. A somewhat different situation was for the rural area. The decrease in
activity of NADH-glutamate dehydrogenase from (1,55 + 0.15) - 10-3 in June to
(1.08 £ 0.079) - 10-3 in September was observed. The activity of NADPH-glutamate
dehydrogenase increased in all studied areas. In particular, for the technogenic area - from
(0.17 £ 0.02) - 10-3 in June to (0.39 £ 0.023) - 10-3 in September; for recreational area - from
(0.06 = 0.002) - 10-3 to (0.07 = 0.004) - 10-3; in urban area - from (1.02 * 0.009) - 10-3 to
(1.07 £0.01) - 10-3. In the rural area, downward trend in activity from (0.25 + 0.026) - 10-3 to
(0.07 £0.065) - 10-3 remained again. The lowest activity of NADPH-glutamate dehydrogenase
was observed in the recreational area, and the largest - in rural area.

i Technogenically transfarmed A Recreational = Urbanized O Rural
1,8

16
14

!

June ‘ September

June September

NADH-HDH NADPH-HDH

Fig. 1 NADH and NADPH Activity (NADH mmol/mg of protein min) - dependent
glutamate dehydrogenase in Amblystegium serpens and Brachythecium mildeanum
M+£m,n=3)

Glutamine synthetase activity. Glutamine synthetase catalyzes the key reaction of
ammonia assimilation and reaction product — glutamine, amide or amine groups donor is
involved in the synthesis of all major nitrogenous cell metabolites [8].
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The conducted studies showed that the activity at the technogenic territory doubled from
1.516 + 0.010 in June to 3.03 + 0.05 in September. The activity grew 2.5 times at the
recreational territory — from 0.979 % 0.065 in June to 2.43 + 0.07 in September. In
urbonavantazheniy territory glutamine synthetase activity increased 6 times from 0.642 + 0.023
in June to 4,88 + 0.25 during the autumn. The rapid growth in the activity at rural area from
0.807 £0.026 to 9,76 = 0,76 is also observed.

Studying glutamine synthetase activity (GS) in bryophytes, an inhibition and activation of
enzymatic reactions depending on the study period was obserwed (Fig. 2).
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Fig. 2. Glutamine synthetase activity in Amblystegium serpens and Brachythecium
mildeanum. (M£m, n = 3)

GS enzyme has high affinity for ammonium [14], thus, when the significant
concentrations were observed in June, the enzyme functional activity is quickly lost.

CONCLUSIONS

Regulation of enzyme activity in bryophytes mainly depends on the ammonium content,
taxonomic identity and character of anthropogenic load. Our studies indicate that the level of
nitrogen exchange in mosses is associated with the ammonia concentration in water: the
increase leads to increased ammonia activity of the studied enzymes, and vice versa. reduced
activity of NADN-dependent glutamate dehydrogenase in June in Brachythecium mildeanum
was experimentally investigated for the water at technogenically transformed and recreational
areas, due to increasing ammonium concentration. Reduction of ammonia content in September
leads to the increase of enzyme activity. It is typical for Brachythecium mildeanum at the urban
area and for Amblystegium serpens at the rural area.
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AHOTAIIS

POJIb AMBLYSTEGIUM SERPENS TA BRACHYTHECIUM
MILDEANUM Y 3MIHI BMICTY AMOHIIO Y KOJIOJA3AX
IMPUKAPITATTA 3 PI3BHUM XAPAKTEPOM AHTPOIIOTEHHOI'O
HABAHTAKEHHA

B ymoBax mnporpecyrouoro 3a0pyAHEHHS IPKEpENl HMHUTHOTO BOJONOCTA4aHHS BOJHI
POCIIMHH, fKI MEUIKAlOTh Y HUX, MOXXYTh BHKOPHCTOBYBATHCS SIK JAJsI BUBYEHHS IIPOLECIB
aganTaiii 10 Iii pi3HUX YMHHHKIB, TaK i B SKOCTI IHIMKATOPIB 3a0pYyJHCHHS TOKCHYHUMHU
pEeUOBHHAMMU.

HocnijpkeHHsT BHAOBOrO ckiany KojoassiB Ilpukapnarrs 3 pi3HMM XapakTepom
AQHTPOIIOTEHHOT0 HABAaHTAXXCHHS I10KA3ajo, IO Y KOJIOJM35SX arpoHaBaHTAXKECHOI TepUTOpii
HasiBHUIT AMOumicTeriif, abo AmoOuicreriym noe3yuuii (Amblystegium serpens). Y Komoms3sx
TEXHOT€HHOTpaHC(HOPMOBaHOI, peKpealiiiHoi Ta ypOaHizoBaHOi TepuTopiii — bBpaxureniym
cepenHiii (Brachythecium mildeanum). BcTaHOBIIEHO, IO MOXOIOMIOHI MOXYTh 3MiHIOBaTH
XIMi9HI BJACTHBOCTI BOJHOTO CEPEIOBHUINA: BiqMepiia YaCTHHA MOXOBOTO TIOKPHBY Ma€ JTOCUTh
BHCOKY TiAPOJITUYHY KHCJIOTHICTh, 3aBASKH YOMY iX KIITHHH XapaKTepH3yIOThCS 3HAYHOIO
MOTJIMHAIBHOIO 31aTHICTIO 1 MOXYTb y BEJIMKUX KUIBKOCTSIX YTPUMYBATH HE JIUIIE HOHU BOJIHIO,
a ¥ IHITUX eJIeMEeHTIB, MPUCKOPIOBaTH (pa3y HiTpudikarrii.

JlocmipkeHo, 1O Yy BOAHMX pOCIWH (DYHKIIOHYE HeKilbka (EPMEHTHHUX CHCTEM
NIEPETBOPCHHSl HITPOT'CHBMICHUX CIOJYK, HacamIepes, 3B’sS3yBaHHS aMoHIilO, SKi IIpH
3a0pyJqHEHHI BOAM aKTHBYIOTHCS. BizomMo, 10 TOJOBHOIO (OPMOIO aCHUMIIALIi HITPOTEHY B
OpraHiyHMX CIOJIyKax € I10HM aMmoHito. JlociiJukeHHS MoKa3yloTh [16], mo B acumissmii
aMOHIMHOTO HITPOTE€HY BaXKJIMBE Miclle MOCIAIOTh (PEPMEHTH IIIyTaMaTCHHTETA3HOTO LUKITY.
KirouoBor cepen mux (QEepMEHTIB € IIyTaMiHCHHTETa3a. B yMoOBax HEJOCTaTHHOI KiJIBKOCTI
BIZTHOBJICHOTO HITPOT€HY B KJITHHI aKTUBYIOTbCS T'€HH, NPOIYKTH SIKMX OepyTh y4acTb B
acCUMUIAII] BaXKKO 3aCBOIOBAHMX JDKEpEN HiTporeHy. PociauHHI GepMeHTH MiAmaloThCs BILTUBY
30BHIIIHIX (aKTOpiB He Oe3mocepeHho, a UYepe3 3MIHH CHPSIMOBAHOCTI (i3i0JI0TTIHUX
MIPOIIECiB, CKIIAAy MeTaboJIiTiB, i ocobnmBocTeli ix TpancmopryBaHHs. Perymsmis I'C i TT, i
BiIHOCHHI BHECOK IIUX ()EPMEHTIB B IMPOIIEC aCUMIJIAIIT aMOHIIO B Pi3HUX OpraHax B MpoIeci ix
POCTY 1 PO3BUTKY 3a Pi3HUX THITIB )KUBJIEHHS BUBYCHI HEIOCTATHRO.

BcranoBneHo 3MiHY BMICTY 10HIB aMOHIIO Y BOJII KOJIO/S31B JJOCIIIXKYBAaHUX TEPUTOPIH 3
pI3HMM  XapaKTepOM aHTPONOIEHHOTO HABAHTAKEHHS Ta ACHUMULILIMHY  34aTHICTbH
Amblystegium serpens ta Brachythecium mildeanum. ITokazaHo, 110 aKTHBHICTb €H3UMIB
HITPOr€HHOTO OOMiHY Yy MOXONOAIOHMX TiCHO NOB’si3aHa 3 BMictoM NH4+ y Boxi: 3a
npupoxHoro piBHs NH4+ foro 3B’s3yBaHHS 3IIHCHIOETHCS MOCIHIJOBHHM aKTHBYBaHHSIM
aMOHIN3B’ I3yYMX €H3UMIB POCIIMH, a 32 MiJBUIIEHOI0 BMICTY — IIepeBakHO 3a paxyHok HAJ[D-
TJIyTaMaTIeriAporeHas .
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ExcriepumenTansHo JIOCITI KEHO 3HIDKEHHS aKTHBHOCTI HAJTH-3anexHoi
rIIyTamaTaerigporeHasn y udepBHi B Brachythecium mildeanum y Bomi TeXHOTEHHO-
TpaHcopMOBaHOT Ta peKpeauiiHOl TEPUTOPiH, 110 HOB’S3aHO 13 3POCTAHHSAM KOHLEHTpALil
aMOHir0. 3MEHIIIEHHS BMICTY aMOHIIO Y BEPECHI CIIPUSB 3pOCTaHHIO aKTHBHOCTI (epMeHTy. Lle
xapaktepHo aiust Brachythecium mildeanum ypOonaBanTaxkeHoi Teputopii Ta Amblystegium
serpens arpapHoi
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INFLUENCE OF SOIL INVERTEBRATES ON
SOIL FORMATION PROCESSES

Abstract. It was found during the research that the faunistic composition of the representatives
of the soil mesofauna in the soils of the Koblo village of the Staryy Sambir district is quite rich. The
species diversity of arthropods (soil animals living in the soil during a part of the life cycle, a largely
larval stage and temporarily inhabiting the soil) is the most numerous type represented by 3 classes,
7 rows, 13 families and 16 species. Carnivorous worms (permanent soil inhabitants) are represented
by 5 genera and 8 species. Only three families and four species represent mollusks (temporarily
living in soil) in the soils of the Koblo village of the Staryy Sambir district. The ecological features
of the distribution of soil mesofauna in different types of ecotopes, in particular meadows, fields and
agricultural land, are analyzed. The most favorable conditions for soil invertebrates were formed on
fields and meadows (the number could range from several dozen to two hundred individuals per
square meter). They play an important role in the soil formation processes, the disposal of dead
plants and animals remains.

Keywords: soil invertebrates, soil reclamation, Staryy Sambir district.

INTRODUCTION

At the present stage of the biosphere evolution, the productive activity of humanity has led
to a significant impact on the natural environment, which is manifested itself in the creation of
artificial ecosystems, where the substance-energy exchange has changed. Invertebrate animals
play a significant role in their functioning as a structural element of ecosystems [23].

Soil invertebrates are saprophages, provide the maximum possible decomposition of plant
remains and are an important natural factor in preserving the soil fertility [3, 8].

Analyzing the qualitative and quantitative characteristics of invertebrates, it is possible to
establish the effectiveness of the ecosystems functioning, to predict their development, to draw
conclusions about the use of their biotic potential [4].

Soil biocenoses are represented by a wide variety of invertebrate animals, namely: the simplest
(sarcodic, flagella, infusoria), nematodes, colloquials, oligochaetes (lumbricides and enchitrides),
vein mollusks, helices (spiders, mites and psevdosporpiums), crustaceans, polygons, and insects.
These animals include more than 90% of the mass of all heterotrophs and affect the processes of
primary products formation, dead organic matter decomposition, and soil formation [17].

Mesofauna is an important component of biogeocoenoses. It occupies the main place in
the zooma and the cenosis composition, which significantly affects the processes of organic
remains transformation, the chemical elements migration in the horizons of the soil profile, soil
formation, biological processes stimulation and succession of organisms in soil biogeocoenoses.
Without taking into account the soil mesofauna, it is impossible to make a general inventory of
the animal world. At the same time, soil mesofauna includes a significant amount of forest and
agricultural pests, and therefore is of great practical importance.

Among the representatives of the soil invertebrate’s mesofauna, there are many stenobiont
species. In fact, they meet the requirements for indicating the state of the environment and can
serve as monitoring objects.

Solving the problem in the bioindicative goals can only be based on the study of the soil
invertebrates grouping in general, including mesofauna representatives [7].
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The urgency of the study is explained by the insufficient level of information about the
influence of soil invertebrates on soil-forming processes.

MATERIALS AND METHODS

The material was collected during 2012-2016 in the Staryy Sambir district. 120 samples
were taken for research. To study the species composition of the soil mesofauna, we used MS
methods. Gilyarova and KK Faculatti [2, 13]. The animals were sown in season, in accordance
with methods generally accepted in soil zoology [18]. Classes of dominance are determined by
the approach of G. Stoker and A. Bergman [20].

DISCUSSION

The bulk of the mesophauna consists of soil oligochaetes of the lumbricidae family,
polygons, insects and their larvae.

Soil invertebrates, as a structural element of ecosystems, play an important role in their
functioning, in the processes of the matter and energy transformation [5]. Since most of the soil
invertebrates are saprophages, the higher the diversity of this trophic group, the more efficiently and
completely they carry out the work on the destruction of dead vegetation, contribute to the
maintenance of the phyto-component of the ecosystem by nutrient elements, and improve the soil.

Ants belong to those animals that not only adapt themselves to the existence conditions, but
also actively rebuild the environment. The role of ants in soil formation is less described than
earthworms, but it is known that the vast majority of species build nests exactly on the ground, with
the walk sometimes reaching a depth of several meters, forming a real maze. At the same time, the
mechanical structure of the soil, its permeability for air and water is improved. The layer of humus
under an antler, especially in poor sandy soils, is 2-3 times larger than around [14].

Our researches were conducted on 3 sites (meadow, field and agricultural plot).

Table 1
Taxonomic diversity of the most common arthropods in the study area
Phylum Class Order Family Species
Arthropoda Insects Black ant

(Arthropoda) | (Insecta) Shaftoptera |Ants (Formicidae (Lasius niger L)
(Hymenoptera) Ravenous ant

(Formica pratesis)
JlicoBa mypaxa

(Formica rufa L.)
Wasps (Vespidae) Common wasp

(Vespula vulgaris L.)
Orthoptera Crickets Wart-biter
(Orthoptera) (Tettigoniidae) (Decticus verrucivorus L.)
True bugs Pagaronia European Alder Spittle Bug
(Hemiptera) (Cercopdiae) (Aphrophora alni F.)
Ladybugs Seven-spot ladybird (Coccinella
(Coccinellidae) septempunctata L.)
Ground beetles Corn ground beetle
(Carabidae) (Carabus cancelatus 1.)
Pyrochrodae Cardinal beetle
Beetles (Pyrochrodae) (Pyrochroa coccinea L.)




49

(Coleoptera) Attelabidae Attelabus
(Deporausdace) (Deporaus betulae 1..)
Click beetle (Hemicrepidius
Click beetles hirtus L.)
(Elateridae ) Elater
(Elater sanguineus P.)
True bugs Bishop bugs Lucerne bug
(Hemiptera) (Miridae) (Adelphocoris lineolatus G.)
Myriapoda Millipebes Drupes Brown centipede
(Myriapoda )|  (Diplopoda) | (Lithobiomorpha (Lithobius forficatus L.)
Arachnids Wart-biter
(Arachnida) Nursery web (Decticus verrucivorus L.)
Spiders spiders Raft spider
(Araneae) (Pisauridae) (Dolomedes fimbriatus L.)

All groups of organisms directly (trophic bonds) or indirectly (sharing space, changing the
existence environment) are interconnected, that is, they form a particular complex.

The species diversity of arthropods (these are soil animals living in the soil during a part of
the life cycle, a largely larval stage and temporarily inhabiting the soil) in the soils of the Koblo
of the Staryy Sambir district are the most numerous type represented: 3 classes, 7 rows, 13

families and 16 - species (Table 1).

Carnivorous worms (permanent soils) are represented by 5 genera and 8 species (Table 2).

Table 2
Taxonomic diversity of rainbow worms in the study area
Phylum| Class|Order| Family Genus, author Spesies, author
Allolobophora, Green worm
Eisen (Allolobophora chlorotica S.)
Dendrodrilus, Dendrodrilus octaedra
Omodeo (Dendrodrilus octaedra S.)
s = I |2 Dendrodrilus rubidus (Dendrodrilus
—g ;c:)s '5 _—g rubidus subrubicundus E.)
Té 9 kS 2 Octolasion, Orley White worm
> 20 & @ (Octolasion lacteum O.)
< S | £ | g
éﬁ ;’ ~ = Eiseniella, Eiseniella tetraedra
5 2 _—Qg) g Michaelsen (Eiseniella tetraedra tetraedra S.)
; j:: g § \Aporrectodea, Orley|  Po3oBuii uepssik (Aporrectodea
= & % .g rosea S.)
- 5 ‘m" & Aporrectodea longa
(Aporrectodea longa U.)
Grey worm
(Aporrectodea caliginosa
caliginosa S.)

The mollusks (temporarily inhabiting the soil) in the soils of the village Koblo of the
Staryy Sambir district are represented by only three families and four species (Table 3)
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Table 3
Taxonomic diversity of the most common molluscs in the study area
Phylum Class Family Species
Mollusks Gastropods Ramshorn Snails Ram Snail
(Mollusca) (Gastropoda) (Planorbidae) (Anisus Vortex)
Bladder Snails Common Bladder Snail
(Physidae) (Physa Fontinalis)
Roundback Slugs Grey Garden Slug
(Arionidae) (Deroceras Reticulatum)
Grey Field Slug
(Agriolima Agrestis)

Analyzing the data during the research period from 2012 to 2016, in the experimental sites 28
species of invertebrates whose living is closely or indirectly related to the soil are the most common.
Permanent inhabitants and those who live in the soil during part of their life cycle are
rainworms, ants, beetles and mollusks. Their number is presented in table 4.
As it can be seen from Table 4, rainstorms and ants are the main soil forming in our research.
On meadows (Table 4), meadow ants dominate, which are directly proportional to the soil
and influence its physical and chemical properties, namely, they play an important role in the
soil formation processes, utilization of plants and animals dead remains. They have such a
significant importance in nature due to the large number of individuals of their colonies.

Table 4
The total number of mesofauna in different parts of the study area
3 ) % o
. . . 2| £ 2 g
Experimental Dominant vegetation groups .E Z = 8 S
. s S o~
sites < gﬁ “‘; E = E 'q'é :ﬁ
«n [ = 4
5 k=)
zZ| 2 Z g
Site Nel Phagmites australis L.Trifolium pretense
Meadow L., Dactylis glomerata L. Gymnadenie
conopsea subsp; Bromus squarrosus L, 53 104 14 36
Achillea colina d. Populus tremula, Pyrus
communis, Sorbus aucuparia
Site Ne2 Achilea millefolium L., Calamagrostis
. epigeios L., Trifolium pretense L.,
Field .
Dactylis glomerata L., Taraxacum 79 64 4 24
officenale Wigg., Tussilago farfara L.
Melica nutans, Elytrigia repens,
Ranunculus acris
Site Ne3 Vegetable crops: Solanum tuberosum,
Agricultural Daucu; sativus, Beta crassa, Phaseolus 12 63 20 8
land vulgaris, Vicia faba
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Ants belong to those animals that not only adapt themselves to the existence conditions,
but actively rebuild the environment. The role of ants in soil formation is illuminated less than
earthworms, but it is known that the vast majority of species build nests exactly on the ground,
with the walk sometimes reaching a depth of several meters, forming a real maze. At the same
time, the mechanical structure of the soil, its permeability for air and water is improved.

Rain worms dominate on the fields, whose activities are one of the special factors of soil
formation.

Potential sources of organic matter in the soil are aboveground and root residuals from
woody and herbaceous plants, biomass of invertebrates and microorganisms. The green plants
biomass (phytomass) and its annual growth (primary production) are several dozen or even
hundreds of times greater than the biomass of animals and microorganisms. However, the active
livelihoods of the latter, their specific chemical composition, high protein content determine
their role in the humus formation and of nitrogen compounds accumulation in the soil. In sod-
podzolic soils, the biomass of invertebrates is 7-12 g / m* [9].

A significant role of rainworms is noted in the biogenic degradation processes of plant residues
[9], they enrich the soil with nutrient calcite [10], which neutralizes the soil acidity, and contributes to
the creation of optimal conditions for the plants development. On excrements, bacteria,
actinomycetes, mushrooms develop here, which are ten times more than in the surrounding soil.

The effect of rainworms on soil processes varies depending on their ecological group and
species forming it. Therefore, earthworms Lumbricus terrestris and other nursery can be
considered as one of the most functionally active soil animals in the temperate zone [1].

Rain worms expose almost all the chemical components of plant residues. Due to symbiosis
with microorganisms and a wide range of enzymes in the esophagus, this accelerates the
transformation process of organic matter. In the digestive tract, there is not only a mechanical mixing
and connection of organic and mineral particles, but also the structuring of "chimes". Each section of
the digestive tract of earthworms corresponds to a certain stage of metabolism [5]. In the anterior gut,
there is dispersion of the food substrate and enveloping it with mucus. In the middle gut, it lasts for
several hours. Separate particles of the food substrate, which do not mix with each other, are
surrounded by flour. In the intestine, the food substrate is compacted, and within it, there is a spatial
structuring of the components. The center contains microorganisms, detrital remnants that are
surrounded by flour, and on the surface of the food substrate there are muddy clay fractions and
dispersed organic particles [19, 21]. Under the action of enzymes proteases, proteins quickly
decompose on amino acids, and decomposition of sugars occurs with the enzyme sucrose. Starch
hydrolysis occurs with the enzyme amylase. Microorganisms that produce cellulose enzyme
decompose cellulose. Lipids are decomposed more slowly than proteins, carbohydrates and starch.
The slowest decomposed substance is lignin. Oxiductase enzymes, lyases, esterases and lactase are
involved in this process [1, 5]. Actually, all the products of splitting detritus and minerals are
excreted in the soil in the form of coprolites that are enriched with potassium, magnesium, calcium,
phosphorus, and nitrates [16]. According to Pakhomov [9], in comparison with the ground, the
coprolitic earthworms are 1.5 times more enriched with phosphorus oxides, 2.5 times by potassium
oxide, and 3 times by nitrogen.

Conditions in the intestines of rainworms are favorable for both aerobic and anaerobic
microorganisms, while in the soil more favorable conditions are found for aerobic
microorganisms [15].

The mechanical activity of rainworms, caused by movement in the soil profile,
improves the conditions of air, moisture exchange, and migration of nutrients [22]. Thus,
the population of the rainforest Aporrectodea caliginosa with a density of 100 specimens. / m”
can pass 1058 km per 1 hectare of soil surface within one week and drag into mechanical
turnover about 7.9. tons of soil [19]. Species populations (Lumbricus terrestris, Aporrectodea
caliginosa) with a density of 346-471 units / m* with an average biomass of 56.9 - 61.2 g / m*
can produce about 18 - 22 kg / m” of coprolite per year. Secondary biological products can
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range from 81.7 to 218.5 g / m”. The rate of nitrogen return to soil due to animal mortality
is 1.5-3.9 g/ m? [5].

The number of rainworms can reach several hundreds per square meter [6]. In a biotope
with a high population density of rainworms, the volume of niches can be a significant part of
the total pore space of the soil and provide an important route for the movement of water and air
in the soil [5, 9].

The source of nitrogen is the worms’ consumption of plant residues [1, 5]. According to
Williams et al. [21] rain-storms with a density of 5 cc / cm3 can mineralize about 40 kg / ha of
nitrogen per year (the species Lumbricus terrestris is about 60 kg / ha nitrogen per year). In
general, excrement of rain worms is characterized by a significant saturation of nitrogen in
comparison with the surrounding soil. The source of nitrogen is plant residues consumed by
rainworms [9]. Due to the consumption of plant residues, they facilitate the redistribution of
organic substances in the soil horizon [1, 5, 12].

Taking into account the above data, the amount of nitrogen mineralized by rainworms
during the year in different parts of our territory can be calculated (Table 5).

Table 5.
Decomposition of plant residues by rainworms on experimental sites
Experimental sites Site Nel Site Ne2 Site Ne3
meadow field agricultural land
Number of rainbow worms, m’ 53 79 12
Amount of nitrogen, kg / ha per year 424 632 96

As it can be seen from Table 5, in sites number 1 and number 2, due to rain-plowed
worms, about 424 and 632 kg / ha of nitrogen per year are mineralized. At the site number 3,
the formation of nitrogen is insignificant (96 kg / ha nitrogen per year), due to the small number
of rainworms. These data indicate that the remains of the fields are the fastest decaying plant
and other origins, slower on the meadows, rather slowly in the agricultural land.

CONCLUSIONS

The faunistic composition of the soil mesofauna representatives in the soils of the Koblo
village of the Staryy Sambir district is quite rich.

The species diversity of arthropods (soil animals living in the soil during part of the life
cycle, a largely larval stage and temporarily inhabiting the soil) is the most numerous type
represented by 3 classes, 7 orders, 13 families and 16 species.

Carnivorous worms (permanent soils inhabitants) are represented by 5 genera and 8§
species.

Only three families and four species represent mollusks (temporarily living in soil) in the
soils of the Koblo village of the Staryy Sambir district.

The ecological features of the soil mesofauna distribution in different types of ecotopes, in
particular meadows, fields and agricultural land, are analyzed.

The most favorable conditions for soil invertebrates were formed on fields and meadows
(the number could range from several dozen to two hundred individuals per square meter). They
play an important role in the soil formation processes, the disposal of dead plants and animals
remains.
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AHOTAIIS

BIIVIMB 'PYHTOBUX BE3XPEBETHUX HA 'PYHTOTBOPYI
IMPOLECH

Ha cygacnomy erari eBomromii 6iocdepn BHpOOHWYA IisUTBHICTH JIFOJICTBA MpPH3BENa IO
3HaYHOTO BIUIMBY Ha TPHPOJHE CEPEAOBHUINE, IO NPOSBIIOCS Y CTBOPEHHI IITYYHHX
€KOCUCTEM, Y SIKMX 3MIHMBCS PEYOBHHHO-CHEPreTHUHHMH OOMiH. be3xpeberHi TBapuHHM SK
CTPYKTYPHHUH €JIEMEHT €KOCHCTEM BilirpaloTh 3HAYHY POJIb Y iX QyHKIIOHYBaHHI.

IpynToBi 6e3xpebetni — canpodary, 3a6e3MeuyoTh MAKCUMATBLHO MOMKIUBUM PO3KIIAN
POCIIMHHUX PEIITOK i € BYKIIMBUM IPUPOJTHUM YHHHUKOM 30€peXXEHHS POJIIOUOCTI IPYHTY.

Amnani3yloun SKIiCHI 1 KiUJIBbKICHI XapaKTEpPUCTHKU YIpyloBaHb Oe3XpeOeTHHX TBapHH,
MOJKHA BCTaHOBHUTH €(eKTHUBHICTH (PYHKI[IOHYBaHHS €KOCHCTEM, CIIPOTHO3YBATH iX PO3BHUTOK,
3pOoOUTH BUCHOBKH III0/I0 BUKOPHCTaHHA iX G10THYIHOTO MOTEHIIATy.

MesodayHa € BaXJIMBUM KOMITOHEHTOM OioreoneHo3iB. BoHa 3aiiMae OCHOBHE MicIle B
300Maci Ta CKJIafi IEHO3Y, iCTOTHO BIUIMBA€E HA TPOIECH TpaHc(opMarlii OpraHiyHIX PEIITOK,
Mirpamii XiIMIYHAX €JIEMEHTIB Yy TOPHU30HTAaX IPYHTOBOTO MpPOQiN0, TIPyHTOYTBOPEHHS,
CTUMYJTIOBaHHS Oi0JIOTIYHUX MPOIECIB Ta CyKiecii opraHi3MiB y OioreorieHo3ax IpyHTY. bes
00uiky Me30(ayHU HaceleHHs IPYHTY HEMOXIIMBO CKJIACTH 3arajibHUI KaaacTp TBapUHHOTO
cBiTy. Pazom 3 TMM, Me3odayHa IpyHTY BKIIOYA€ 3HA4YHY KUIBKICTB JICOBHX 1 CUIBCBKO-
rOCIIOJIapChKHX LIKIJHUKIB, 8 TOMY Ma€ BEJIMKE MPAKTHYHE 3HAYCHHSI.

ITix yac mpoBeneHHs TOCIIPKEHHSI HAMU BCTAHOBJICHO, IO (hayHICTUYHUH CKJIaj IPEACTaB-
HUKIB IPYHTOBOI Me30¢ayHH y rpyHTax cesa Koobmno CrapocamOipchKoro paifoHy € JOCUTh OaraTim.

BuoBe pisHOMaHITTS YWIEHHUCTOHOTHX (1€ TPYHTOBI TBApHHH, 1110 JKHBYTH Y IPYHTI IPOTSTOM
YaCTHWHH JKUTTEBOTO IHKITY, 37€OLTEHOTO JIMYMHKOBY CTAII0 Ta THIMYACOBO MEUIKAIOTH Y IPYHTI) €
HaW4YMCENBHIIINM THTIOM SKWH TIpeNCTaBlIeHMWA: 3 — Kiacamu, 7 — psmamu, 13 — poauH Ta 16 —
Buaamu. KinpyacTi uepBu (MOCTIHHI MENIKaHIN IPYHTIB) MpENCTaBieHi 5 pomamu Ta 8§ BHIAMH.
Mosocku (THMYacoBO MEIIKAIOTh y TPYHTI) y rpyHTax cena Ko6ma Crapocam0Oipcekoro paiioHy
TIPE/ICTABIICHHUI JIUIIIE TPHOMa POANHAMH Ta YOTHPMa BHIAMHU.

[IpoananizoBaHO €KOJOTIYHI OCOOIMBOCTI MONIMPEHHS TPYHTOBOI Me3odayHH y pi3HUX
THUIIaX €KOTOITy, 30KpEMa JIYKH, MOJIsI Ta CLIBCHKOTOCIIOIAPCHKOTO YIS,

Haii0inpi copusTiauBi YMOBU AJIsl TPYHTOBHX 0€3XpeOeTHHX TBapuH CHOPMYBAIMCS Ha
MOJISIX Ta JyKax (KUIBKICTh MOXE CSATaTH BiJ KUIBKOX JECSTKIB, O JBOX COTCHb OCOOWH Ha
KBaJpaTHUH MeTp).

I'pyntoBi  OioneHo3u cena KobGma  Crapocambipchkoro — padoHy — HpencTaBlieHi
HaMpI3HOMAHITHIMIAMH Oe3XpeOeTHUMH TBapWHAMH, a caMe: HeMaToJaMH, KOJIOBEPTKaMH,
oyiroxeramu (JTIOMOpHUITIAMHA 1 EHXUTpEinamMu), YEpPEeBOHOTUMH MOJTIOCKAMH, XETILEPOBHMHU
(maBykamu, KIIIaMH, KOCapUKaMH, TICEBIOCKOPITIOHAMHM), PAKOTIOAIOHMMH, OaraTOHIXKaMH,
xomaxamu. L{i TBaprHUM cTaHOBIATE IOHAZ 85 % MacH ycix reTepoTpodiB i BIUIMBAIOTH HA TPOIIECH
(hopMyBaHHS ITEPBUHHOI TPOTYKIIii, PO3KIAAY BiIMEPJIOi OPTaHITHOI PEIOBHHU, IPYHTOYTBOPEHHS.
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ORIGANUM VULGARE VEGETATION IN CARPATHIAN
FOOTHILLS FITOCENSOSES OF DHOHOBYCH DISTRICT

Abstract. The article examines features of Origanum vulgare populations that represent
the meadow biocoenoses of foothill lowlands and mountain areas of Drohobych district.
Studied groups of plants from different locations have proper coenotic characteristics. The
research have found that the surrounding countryside of the Skhidnytsia village is characterized
by a thick growth of O. vulgare, in Luzhok Dolishniy area plants of this species occur rarely, in
Dovhe Hirske area moderately thick. The uneven distribution of O. vulgare in the studied areas
of the Drohobych district is caused by its growth dependence upon different environmental
conditions and anthropogenic influence. Some O. vulgare populations locus within the studied
territories is superseded by more competitive species as a result of successional processes.

Key words: Origanum vulgare, species, population, natural resources, medicinal raw
material.

INTRODUCTION

Protection, conservation and rational use of vegetable life is an important and necessary
factor for the functioning of the environmental components in modern conditions. It helps to
normalize human life and activities. Violation of biotic interactions due to the anthropogenic
transformation of the environment is a well-recognized fact. For this reason, issues of
conservation, maintenance, reproduction and detailed study of biotic diversity are one of the
most important tasks [3].

Ukraine possesses significant natural resources of various types of plants, including
medicinal plants [3, 8]. The Carpathian flora is rich and carries great potential for practical use
of medicinal plants. Therefore the need for medicinal raw materials used for phytotherapy
medications is increasing. However, uncontrolled harvesting, intensive exploitation of natural
plant resources and the lack of limits on annual harvesting leads to a reduction of the medicinal
plants species area due to the degradation of their populations [10]. The resource potential of
many valuable species is modest, therefore, the discovery of plant reserves and the evaluation of
resources, the development of scientific support of their use are a matter of national importance
[3, 8]. Due to the constant process of anthropogenic transformation and an increasing annual
harvest of medicinal raw materials, it is important to conduct a periodic inventory of medicinal
plant reserves.

Particular attention in this matter is given to medicinal plants of the Lamiaceae family, and
O. vulgare in particular. This plant grows naturally in lawns, dry meadows and light forests.
Traditionally O. vulgare e is being used as a culinary herb and medicinal plant. Seldom it is be
used even in decorative gardening [4].

O. vulgare herbage contains up to 1,5% of essential oils, flavonoids, tannins (up to 20%),
ascorbic acid (in leaves 0,57%), bitter substances, pigments [13, 15]. The essential oil consists
of thymol and carvacrol (up to 44%), bi- and tricyclic sesquiterpenes — up to 12%, free spirits —
up to 15%, geranyl acetate — up to 5%. The fruitage contains up to 30% of drying fatty oils [1,
6, 18]. O. vulgare is widely used in medicine in combination with other herbs. The herb is used
as a sedative matter, enhances the secretion of digestive and bronchial glands, and intestinal
motility. Is also helpful to cure the respiratory tract inflammation problems. Recommended as
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anti-sclerotic, hypothetical, analgesic, anti-inflammatory and deodorizing matter [10, 12-17,
21].

The O. vulgare population has declined significantly for the last decades, caused primarily
by the anthropogenic factors negative impact on the environment. For this reason, many
countries launched its growing in farms. Therefore, finding and studying natural O. vulgare
populations in the territory of the Carpathian region is a scientific matter of great interest.

RESEARCH METHOD AND CONDITIONS

Areas of the O. vulgare natural growth were defined on the basis of the preliminary
analysis of the species composition of the meadow biocoenoses. As a result of the received
data, authors have determined the directions of the future research survey [3, 8]. Accepted
methods of botanical science (discount areas and zones, model samples). Identification of plant
species was carried out using botanical field guides [2, 9].

Authors have selected three trial monitoring areas in Drohobych district, 0,5 hectares each,
with an aim to monitor the dynamics of populations and resources of O. vulgare.

Area 1 (49°26'59"N, 23°22'10"E) — the environs of Luzhok Dolishniy village — the
lowland region of Drohobych district.

Area 2 (49°19'56"N, 23°14'42"E) — the environs of Pidbuzh urban-type settlement —
foothill zone of Drohobych district.

Area 3 (49°23'47"N, 23°40'56"E) — the environs of Dovhe Hirske village — mountain zone
of Drohobych district.

The monitoring areas were selected taking into account different levels of anthropogenic
load on phytocoenoses. The plant is very sensitive to human-made impact.

Authors analyzed the phytocoenotic growth conditions of O. vulgare, height of plants, and
number of bions in different age groups, peculiarities of anthropogenic load on the areas. As a
result of the research, the density of growth of O. vulgare was analyzed. An estimation method
of the direct census was used to determine the density of individual species in the coenosis.
Such estimation is usually carried out according to the scale of the number of species in
phytocoenosis, according to the scale proposed by Drude in particular [3, 6, 8].

DISCUSSION OF THE RESULTS

The studied area is a part of Drohobych district pre-mountain sculptural hill. It occupies
the territory between Dnister and Stryj rivers. The average height reaches ca. 300—400m above
the sea level. Drohobych hills are divided by the wide valleys of Bystrica Pidbuzka,
Tysmenytsia, Kolodnytsia-Nezhukhivka rivers and numerous streams. Salt deposits zone
reveals the dependence of erosion dismemberment on lithology (area of the Kolodnytsia river
valley).

The experimental material was selected and studied in the course of field research during
2014-2016. The article analyses O. vulgare populations representing the meadow biocoenoses
of lowland, foothill and mountainous areas. Studied groups of plants from different locations
have proper coenotic characteristics.

The population of O. vulgare in the terrain of Luzhok Dolishniy village consists of
individual point locations. According to our observations, this area has a high pasture load.
Massive flowering of plants was observed from the end of the third ten-day of June.

The population of O. vulgare in the terrain of the Pidbuzh village consists of many
separate point locations. Massive flowering was observed at the end of June.

The population of the O. vulgare in the terrain of Dovhe Hirske consists of several
separate point locations. In this area, mass flowering was observed at the beginning of the first
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tenday of July, which is 8-9 days later than in other areas. This meadow biocoenosis is
characterised with low pasture load.

Studied plant populations differ in terms of projective coverage and density of structures.
The projective cover of the grass, which includes the population of Luzhok Dolyshniy village,
reaches up to 70%. For Pidbuzh urban-type settlement projective cover is ca. 75%. Dovhe
Hirske area projective coverage of the grass is ca. 80%.

The vegetation period of O. vulgare includes the following phases: the first year
(germination, rosette); second year (restoration of vegetation, stalk formation, flowering,
fruiting, ripening of seeds).

The phenological observations of O. vulgare plants growing in the studied areas showed
that the spring regeneration of the species occurred during March at an average daily
temperature of +6°C. The phase of budding evolved in 2nd-3rd ten-day of June. Large
blooming observed from the second ten-day of June to the second ten-day of July, beginning
with the second year of vegetation. The total blooming time of plants was 20-35 days. Ripening
of seeds continues from August to late fall. Seeds are very small, the weight of 1000 is 0,1 g.
The time period from the beginning of vegetation to seeds ripening takes 184-198 days in
average.

Morphological characteristics of O. vulgare were studied as one of the research objectives.
The top leaf-bearing part of the reproductive shoots was collected during the phenological
phase of large blooming. The experimental plant samples of O. vulgare were 50-70cm high.
The stalks of the plants were straight, slightly hairy, leaf-bearing. Leaves are opposite, with
slightly hairy propagula, oblong-ovoid, plain, glandular, slightly hairy below. The length of the
leaf varies from 1,1 to 2,2 cm, and the width is 0,4—1,1 cm. Flowers are small, numerous,
collected in oblong spicules, which form a panicle. Fruits - triangular nuts in length of
0,2-0,4 mm. The average blooming time is 28—-35 days.

When analyzing the abundance of selected populations, it should be noted that the most
significant differences have been found among the indicators of an abundance of reproductive
shoots (more than twice) and phenological phases. Determining the abundance helps to define
the degree of participation of plants in the coenosis. For such needs, we applied an estimation
method of the direct census (see Table 1).

Table 1. Growth of Origanum vulgare (2014-2016)

No Location of Origanum vulgare natural Density
growth areas
1. Pidbuzh (area 1) Cop2 — thick growth of plants
2. Luzhok Dolishniy (area 2) Sp — rare growth of plants
3. Dovhe Hirske (area 3) Cop1-— moderately thick growth

As a result of the research, it was found that in the terrain of the urban-type settlement
Pidbuzh (area 1) the growth of O. vulgare plants is thick; in the terrain the village Luzhok
Dolishniy (area 2) plants of this species occur rarely; in the terrain of the village of Dovhe
Hirske (area 3) the frequency of the growth of O. vulgare is moderately thick.

It is evident that the O. vulgare population in Pidbuzh fully uses available mineral and
natural resources and is characterized by the optimal (for given conditions) quantity and
abundance. In our opinion, such characteristic clearly confirms that the natural conditions for
this plant population are stable and advantageable. However, certain location spots of the
species in this area may be displaced by more competitive species, since successional processes
are a natural and direct consequence.

The ontogenetic spectrum of Luzhok Dolishniy village terrain is slightly different. This
population demonstrates the inhibition of reproduction processes. First of all, this is connected
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with the successional processes of the location of the species. The basis of these processes is the
colonization of meadow coenosis with vegetation of shrub species (Betula pendula Ehrh., Alnus
incana L., Rosa canina L., Prunus spinosa L., Malus sylvestris Mill.). Strengthening of the
phytocoenic role of the adventitious species and the intensification of interspecific competitive
relations reduces the viability of the plants of O. vulgare. Consequently, the structure of species
population changes and the tendency towards fragmentation increases. High shading of herbs
and well-developed phytomass of other species negatively impact the development of O.
vulgare. A better reproduction of its population can be achieved with the aid of several factors.
One possible option is the reaction to the absence of anthropogenic pressure — the cessation of
cattle grazing, economic activity and destructive harvesting of plants.

The population of O. vulgare in the teof the village of Dovhe Hirske is in a satisfactory
condition. It does not have a dominant role in phytocoenosis, forms small underbrush. By
reason of given climatic and geographical conditions of this mountainous area, phonological
phases of vegetation, blooming and ripening occur later. The uneven distribution of O. vulgare
in studied areas of Drohobych district is characterized by the uneven growth under various
environmental and anthropogenic conditions.

CONCLUSIONS

As a result of the research, it was found that O. vulgare population on examined territory
represent meadow biocoenoses of foothill lowlands and mountain areas of Drohobych district.
Studied groups of plants from different locations have proper coenotic characteristics.

However, certain location spots of the species in this area may be displaced by more
competitive species, since successional processes are a natural and direct consequence.
Therefore, the constant observation of certain locations is required. From this point of view
monitoring studies are of great importance. They allow to estimate the condition of plant
population and predict dynamic tendencies and possible changes.
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AHOTANIA

INOIIMUPEHHS ORIGANUM VULGARE B JIYYHHUX ®ITOHEHO3AX

HEPEJAKAPIIATTA APOI'OBUYYNHHU

JlocmimkeHo 0coONMMBOCTI 3pocTaHHs Nonyisimid Origdnum vulgdre, siKi MPENCTaBISAIOThH
JydHi OIOTICHO3W HHU3WHHUX, MEPEATIPCHKUX 1 TIPCHKUX perioHiB J[poroOHMIBKOro paloHy.
JlocmipkeHi Tpynmu OCOOMH 3 PIi3HUX MICIE3HAXO/KeHb MMepeOyBalOTh B ONTUMAIBHHUX
LEHOTHYHUX YMOBaX.

B pesynbrari gocnijkeHp BCTAHOBIICHO, IO B OKOJIMIAX C.M.T. [1i0y pocivHKM MaTtepuHKu
3BUYANHOI psICHI, B OKOJMILIX cena JIysxok JlosiniHii poCIMHM JaHOTO BUY TPAIUISIOTHCS PiAKO, B
ypouuti cena [losre ['ipcbke yactoTa tpamstHus O. vulgare IoMipHO psicHa.

Monynsuis O. vulgare c.m.t. [1in0yx MakcuMaabHO BUKOPHCTOBYE JIOCTYIHI MiHEpasbHI
Ta EHEPreTUYHI PECYPCH 1 Ma€ ONTHMAaNbHI (U1 JaHUX YMOB) YHCEIBHICTH 1 pscHicTh. Taka
XapaKTePUCTHKA OJTHO3HAYHO 3aCBiMUye€, IO YMOBH iCHYBaHHS ITi€l MOMYJIAIIl € CTaOiIbHUMHU



60

Ta cnpusTmBuMH. OIHAK, OKpeMi JIOKYCH MOMYJIAMii Ha Iii TepUTOpii MOXYTh BHTICHATHCS
OUTBIII KOHKYPEHTHOCIIPOMOXXHUMH BHJIaMH, OCKITBKH CYKIIECIiHI TpOIIeCH € 3aKOHOMIpHHM 1
CIPSIMOBAHHUM HACIiIKOM.

OnroreHeTnyHui criekTp nomymnii cena Jlyxok JlomimHii 1eMOHCTpYe NMPHUrHIYSHHS
mporeciB  BiaTBopeHHs. lle, Hacammepen MOB’SA3aHO i3 CYKIECIHHMMHU MpOLEcaMu
MICIE3pOCTaHHS BUAY. B OCHOBI IIMX MPOIIECIB — 3apOCTaHHS JIYYHUX IICHO31B YarapHUKOBUMHU
Bungamu (Betula pendula Ehrh., Alnus incana L., Rosa canina L., Prunus spinosa L., Malus
sylvestris Mill.). 3a mocuneHHst (ITOLUEHOTHYHOI pPOJIi aJBEHTHBHUX BHAIB W 3aroCTpeHH
MDKBUJIOBUX KOHKYPEHTHUX BIIHOCHH 3HIDKYETHCS JKUTTE3NATHICTH OCOOMH MATEPHHKH
3BHYAIHOI, YHACNIIZOK YOTO 3MIHIOETBCS IPOCTOPOBA CTPYKTypa IOIMYJAIIN 1 IOCHIIOETHCS
TEH/ICHIIIS 10 iXHBO1 pparMeHTanii. Bucoka 3iMKHYTiCTE 0cOOWH Ta 100pe po3BuHYTa (iTOMaca
IHIIMX BHUJIB HETaTHMBHO BIUIMBAIOTh Ha PO3BUTOK ocobuH O. vulgare. IaTeHCHBHIIIE
BIITBOPEHHS i€l MOIMyNAIil MOXXE CTHMYIIOBATH BiJCYTHICTH aHTPOIIOTEHHOTO THCKY —
MIPUITMHEHHS BUITACAHHS Xy00H, TOCIIOAapChKa TisUTbHICTD Ta HUIIBHE 30UpaHHs POCIIHH.

Homynsauis O. vulgare B oxomuisix cena Jore I'ipcbke 3HaXOAMTHCS B 33J0BUIBHOMY
crani. Y QirouneHos3i Bua He Mae JOMiHYI04O0i poii, popMye He3Ha4HI 3apocTi. BpaxoByroun
KJIiMaTHYHO-reorpadiyHi yMoBH wi€l ripchKkoi TepuTopii ¢peHosoriui Ga3u Bereranii, IBITIHHS
1 IUNIOJOHOIIEHHS HACTAIOTh HAMIII3HILIIE.

HepiBHomipHuii posnogin ocodun O. vulgare B Mexax AOCHIDKYBaHHUX TEpUTOPii
JlporoGuIpKoTO paiioHy XapakTepu3ye ix HEepiBHOMIpHE 3POCTaHHS 3a Pi3HUX EKOJOTiYHUX
YMOB Ta aHTPOIOTEHHOI'O HaBaHTAXKCHHA. ToMy HeoOXimHWH Oe3mocepenHiii KOHTPONb 3a
CTaHOM OKpEMHUX JIOKAJITeTiB, SKi mepe0yBaloTh Ha PI3HUX CTAIifX CYKIECIHHHX 3MiH. 3 IBOTO
MOTJISAILYy BaXJIMBHUMH € MOHITOPMHIOBI JOCHIJPKEHHS, Ha OCHOBI SKHX MOXHA OLIHUTH
KUTTEBUH CTaH MOIMYJIALI] By, CIPOTHO3YBAaTH iXHI JHHAMIYHI TCHICHIIi ¥ MOXXJIMBI 3MiHH.
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EFFECTIVENESS OF THE USE OF LIMACIDES AS TO THE
REDUCTION OF THE NUMBER OF SPANISH SNAILS (ARION
LUSITANICUS) IN THE DROHOBYCH CITY TERRITORY

Abstract. The topic is relevant, as it is associated with the peculiarities of ecology and
distribution of the Spanish snail (Arion lusitanicus) in the territory of the Drohobych city. The
article demonstrates the effectiveness of the use of limacids as to the reduction of the number of
Spanish snails (Arion lusitanicus). The work has a practical orientation. The practical value of
the work is that the chemicals tested by us can be used to reduce the number or complete
destruction of the colonies of the Spanish snail (Arion lusitanicus). The proposed methods for
combating Spanish snail may be used during laboratory classes in the discipline "Zoology", and
will also be useful for farmers, agrofirms, individual and collective farms.

The article analyzes the scientific and popular science literature on the research problem,
as well as the results of the conducted researches, shows the influence of the limacids on the
reduction of the number of Spanish snail (Arion lusitanicus) in the territory of the Drohobych
city.

Key words: slugs, spanish snail (Arion lusitanicus), colonies, limacides, measures of
struggle.

INTRODUCTION

The relevance of the study is that the coverage of this problem could contribute to
reducing or eliminating the population of the Spanish snail (Arion lusitanicus) in the territory of
Drohobych city and would contribute to the improvement of the ecological situation in the city.

The number of anthropochorous species in the terrestrial malacafauna of any country or
region is steadily increasing. This is facilitated by the intensive economic and transport links
that are characteristic of the modern world, as well as the increasingly noticeable global climate
changes [1; 2; 9].

A vivid example of the species is a Spanish snail (Arion lusitanicus), whose area in the
second half of the twentieth century significantly expanded thanks to the anthropochorous. At
the end of the twentieth century several large colonies of the species were registered in the
southeast of Poland [16; 23; 24; 25; 26; 27], which created the danger of A. lusitanicus
penetration into the west of Ukraine, especially on the territory of the Lviv region. In Ukraine,
this slug appeared for the first time in 2006 in the western part of the country. Everything points
out that it was imported from Poland.

At the beginning of the XXI century, the relevant services of the quarantine and plant
protection began to receive complaints from inhabitants of certain settlements of Lviv region
about the appearance of large orange snails and their damage to agricultural and ornamental
plants [3-8; 13-19]. The information provided by the mentioned services about specific places
of localization of pests allowed us to discover the colonies A. lusitanicus in Drohobych [5; 7;
17; 20].

In the Drohobych city territory, the snail got in 2010 as a result of the activity of the
private company Tandem (a company engaged in the cultivation and sale of flowers). The
owners of this company brought them from Western Europe [21] together with products grown.
That's how the Spanish snail spread in our territories (picture 1).
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Picture 1. Snails A. lusitanicus in the Drohobych city : orange and brown slugs

Theoretically, the penetration of anthropochorous species of land molluscs into our city
can significantly accelerate the process of their resettlement in the new region [11].
A. lusitanicus is able not only to quickly populate new territories and form large colonies [16;
17; 19; 22], but it can cause more or less significant economic losses [10; 12; 18]. In view of
this, it is important to identify the A. lusitanicus colonies in the region and in Drogobych city in
particular and to monitor their condition.

Thus, obtained data could be the basis for realisation of quarantine measures by the
relevant services. In addition, the large and well-marked snails enable to clearly observe the
process of gradual settlement of an anthropochorous species.

METHODS

The program of our research was supposed to study the effects of the limacides (Patrol,
Ulytsid and 2% aqua ammonia solution) as to the reduction of the number of Spanish slug
(Arion lusitanicus). Such limacide as Patrol and Ulysides were purchased at a store specializing
in the sale of seeds and pesticides. And 2% of aqua ammonia solution was prepared from
ammonia immediately before use, because the drug is very unstable, rapidly decomposed and
loses its properties.

Characteristics of Ulysid preparation-limacides

Active substance: ferrous phosphate.

Form of the drug: granules.

It is safely decomposed by soil microorganisms completely to the ferrous and phosphate.
Granules are resistant to the rain.

Function: to fight slugs and snails on vegetables, fruit, citrus, flower, grapes, wild
strawberries, strawberries, lettuce leaves, ornamental plants, and others.

Use: with the appearance of the first snails it is necessary to scatter granules on the surface
of the soil, row spacings, tracks (about 3-5 g/mz). The active substance of the granules will lead
to dehydration of slugs. Snails die under the ground. Multiplicity of treatments is 1.

Ingredients: corn mix, red pepper, mustard, ash, hop, sugar, kaolin, salt, ferrous
phosphate salt.

Safety: safe for humans, used in organic gardening.
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Toxicity: non-toxic for animals, has an unpleasant smell and taste for animals. Has no
harmful effect on rainworms and bees.

Patrol

Active substance: methaldehyde, 6%.

Form of the drug: granules.

Highly effective preparation for the destruction of mollusks (snail and slug) in human life:
on farmland, sports and recreation areas; in industrial, sanitary, household and other buildings;
in recreation areas, in basements, cellars, in utility rooms and in places of fire tanks and garbage
containers.

Application method: Spread the drug evenly in places where mollusks are detected or
their presence is possible (table 1).

Table 1. The consumption norm

The object against The consumption norm of
A . Area
which it is processed the preparation
mollusks, snails, 20-30 ¢ 10 m?
slug

In contact with granules there is an instantaneous defeat of the body, mollusks get burns
and they die. Multiplicity of treatments — 1.

Due to its composition, preparation is unattractive for eating by animals and birds and safe
for the environment.

2% aqua ammonia solution

Active substance: ammonia.

Form of the drug: liquid.

The preparation instantly kills the snail and its eggs when in contact. But unfortunately the
preparation is very unstable, it decomposes quickly and loses its properties. Therefore, we
prepare the solution immediately before application and spray the plants and soil. Spraying is
carried out late in the evening or at night. You need to be careful because getting a lot of
ammonia on the leaves can cause them to bleach.

Application method: prepare 2% aqueous ammonia solution. To do this, take 2 ml of
10% ammonia and bring with water up to 10 ml. Immediately after dilution, the working
solution is evenly sprayed in places where mollusks are detected. When spraying, direct contact
of the working solution with the body of the snail is required. The consumption norm is
40ml/m’.

The research was carried out on the private plots of dormitory in Drohobych city from
August 1 to August 30 during 2015-2016. In total, we carried out 6 identical experiments
(3 experiments in 2015 and 2016), each of which lasted 10 days. In general, weather conditions
were conducive to research (table 2; 3).

Table 2. Characteristics of weather conditions during research in 2015

Air Atmospheric Relative .
: . 1. Rainfall,
Date Local time temperature, pressure, humidity, mm

°C mmHg %
30.08.2015 23:00 194 764.9 85 -
30.08.2015 17:00 31.3 764.3 34 -
30.08.2015 11:00 27.0 766.9 48 -
30.08.2015 05:00 18.8 768.1 92 -
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29.08.2015 23:00 20.7 768.6 87
29.08.2015 17:00 27.2 766.9 45
29.08.2015 11:00 26.2 767.2 53
29.08.2015 05:00 18.0 766.3 85
28.08.2015 23:00 16.7 764.2 88
28.08.2015 17:00 30.9 762.0 36
28.08.2015 11:00 29.8 762.2 45
28.08.2015 05:00 13.6 763.3 95
27.08.2015 23:00 17.9 763.4 83
27.08.2015 17:00 29.2 762.1 51
27.08.2015 11:00 22.7 764.5 69
27.08.2015 05:00 12.8 765.6 99
26.08.2015 23:00 14.0 765.8 95
26.08.2015 17:00 18.2 766.3 81
26.08.2015 11:00 15.7 767.1 90
26.08.2015 05:00 15.4 766.0 96
25.08.2015 23:00 18.6 764.2 79
25.08.2015 17:00 27.9 761.6 35
25.08.2015 11:00 28.6 762.0 37
24.08.2015 23:00 14.9 763.3 75
24.08.2015 17:00 27.9 761.8 35
24.08.2015 11:00 25.3 763.2 39
24.08.2015 05:00 6.4 764.2 97
23.08.2015 17:00 24.3 761.9 40
23.08.2015 11:00 22.2 763.3 41
23.08.2015 05:00 7.6 765.1 99
22.08.2015 23:00 15.0 765.2 79
22.08.2015 17:00 21.1 765.0 48
22.08.2015 11:00 19.7 766.5 42
22.08.2015 05:00 5.1 768.4 97
21.08.2015 23:00 10.3 769.2 71
21.08.2015 17:00 20.7 767.8 39
21.08.2015 11:00 19.8 769.0 51
21.08.2015 05:00 6.0 770.1 84
20.08.2015 23:00 11.0 769.2 59
20.08.2015 17:00 20.7 767.1 40
20.08.2015 11:00 20.1 767.8 39
20.08.2015 05:00 10.0 767.9 81
19.08.2015 23:00 15.1 766.3 60
19.08.2015 17:00 21.7 763.6 38
19.08.2015 11:00 19.1 764.2 46
19.08.2015 05:00 7.8 764.0 95
18.08.2015 23:00 12.4 763.0 91
18.08.2015 17:00 22.6 760.5 49
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18.08.2015 11:00 19.0 761.0 63 -
18.08.2015 05:00 17.2 759.0 94 -
17.08.2015 23:00 18.5 758.5 88 0.4
17.08.2015 17:00 24.2 757.2 55 -
17.08.2015 11:00 23.5 757.1 57 -
17.08.2015 05:00 14.1 757.3 87 -
16.08.2015 23:00 18.4 757.0 65 -
16.08.2015 17:00 30.2 755.7 43 -
16.08.2015 11:00 27.3 756.7 58 -
16.08.2015 05:00 14.6 757.6 96 -
15.08.2015 23:00 19.8 757.1 66 -
15.08.2015 17:00 30.9 755.5 42 -
15.08.2015 11:00 25.8 757.5 45 -
15.08.2015 05:00 13.8 758.9 97 -
14.08.2015 23:00 19.2 759.8 89 -
14.08.2015 17:00 28.8 759.4 40 -
14.08.2015 11:00 25.0 761.8 45 -
14.08.2015 05:00 16.3 762.5 94 -
13.08.2015 23:00 21.6 761.8 71 -
13.08.2015 17:00 28.7 760.3 46 -
13.08.2015 11:00 27.2 761.8 51 -
13.08.2015 05:00 14.6 762.4 91 -
12.08.2015 23:00 24.0 762.7 69 -
12.08.2015 17:00 32.5 760.8 35 -
12.08.2015 11:00 26.7 762.7 52 -
12.08.2015 05:00 13.2 763.0 93 -
11.08.2015 23:00 18.2 762.1 75 -
11.08.2015 17:00 33.1 759.7 35 -
11.08.2015 11:00 27.2 761.1 52 -
11.08.2015 05:00 11.4 762.1 95 -
10.08.2015 23:00 17.0 761.5 90 -
10.08.2015 17:00 31.8 760.0 30 -
10.08.2015 11:00 29.6 761.2 48 -
10.08.2015 05:00 15.6 762.4 90 -
09.08.2015 23:00 18.6 762.6 76 -
09.08.2015 17:00 32.8 761.5 33 -
09.08.2015 11:00 30.0 763.2 46 -
09.08.2015 05:00 13.2 765.0 87 -
08.08.2015 23:00 16.8 765.1 68 -
08.08.2015 17:00 32.6 763.9 31 -
08.08.2015 11:00 29.8 765.6 40 -
08.08.2015 05:00 16.9 766.1 96 -
07.08.2015 23:00 22.7 765.4 70 -
07.08.2015 17:00 31.4 763.9 31 -
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07.08.2015 11:00 27.6 764.7 39 -
07.08.2015 05:00 14.0 765.0 97 -
06.08.2015 23:00 19.0 764.5 80 -
06.08.2015 17:00 28.4 762.7 39 -
06.08.2015 11:00 24.9 763.8 53 -
06.08.2015 05:00 15.3 763.7 93 -
05.08.2015 23:00 17.8 763.6 86 0.3
05.08.2015 17:00 23.3 762.4 62 -
05.08.2015 11:00 29.2 761.8 40 -
05.08.2015 05:00 13.4 763.0 95 -
04.08.2015 23:00 19.2 762.2 87 -
04.08.2015 17:00 27.4 761.4 47 -
04.08.2015 11:00 25.2 763.0 56 -
04.08.2015 05:00 14.3 764.1 95 -
03.08.2015 23:00 18.3 764.2 74 -
03.08.2015 17:00 28.1 763.2 48 -
03.08.2015 11:00 24.2 764.4 60 -
03.08.2015 05:00 12.4 765.3 97 -
02.08.2015 23:00 17.2 765.2 78 -
02.08.2015 17:00 26.2 764.2 49 -
02.08.2015 11:00 24.5 765.1 42 -
02.08.2015 05:00 8.6 766.0 96 -
01.08.2015 23:00 12.8 765.4 91 -
01.08.2015 17:00 23.8 763.9 42 -
01.08.2015 11:00 20.6 765.4 49 -
01.08.2015 05:00 6.8 766.0 97 -

Table 3. Characteristics of weather conditions during research in 2016

. Air Atmospheric Relative Rainfall,
Date Local time temperature, pressure, humidity. % mm
°C mmHg umdity,
30.08.2016 23:00 11.0 768.0 96 -
29.08.2016 17:00 29.0 759.5 38 -
29.08.2016 11:00 26.3 760.9 55 -
29.08.2016 05:00 12.1 763.0 98 -
28.08.2016 23:00 15.8 763.4 91 -
28.08.2016 17:00 29.9 762.6 36 -
28.08.2016 11:00 26.8 7648 47 -
28.08.2016 05:00 10.2 766.6 95 -
27.08.2016 23:00 15.0 766.5 89 -
27.08.2016 17:00 27.6 165.8 39 -
27.08.2016 11:00 25.3 767.8 44 -
27.08.2016 05:00 8.7 769.2 97 -
26.08.2016 23:00 13.0 768.5 96 -
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26.08.2016 17:00 24.7 767.3 42
26.08.2016 11:00 22.2 768.7 51
26.08.2016 05:00 8.0 769.7 97
25.08.2016 23:00 125 769.1 96
24.08.2016 17:00 23.2 766.7 50
24.08.2016 11:00 20.2 768.1 72
23.08.2016 23:00 14.2 768.5 92
23.08.2016 17:00 20.6 767.5 64
22.08.2016 23:00 16.6 767.4 93
22.08.2016 11:00 18.8 764.6 83
22.08.2016 05:00 17.7 763.6 91
21.08.2016 23:00 17.8 762.3 96
21.08.2016 17:00 28.5 760.9 46
21.08.2016 11:00 27.0 762.8 45
21.08.2016 05:00 11.8 764.3 95
20.08.2016 23:00 14.8 764.0 83
19.08.2016 17:00 25.0 758.5 43
19.08.2016 11:00 24.2 760.4 47
18.08.2016 23:00 12.8 760.9 96
18.08.2016 17:00 20.6 759.3 58
18.08.2016 11:00 18.6 760.3 58
17.08.2016 23:00 8.9 761.2 93
16.08.2016 23:00 14.2 761.8 81
16.08.2016 17:00 20.3 761.3 54
16.08.2016 11:00 19.1 762.6 60
16.08.2016 05:00 9.6 763.6 92
15.08.2016 23:00 13.8 764.8 91
14.08.2016 17:00 24.2 763.7 48
14.08.2016 11:00 23.1 764.9 46
14.08.2016 05:00 17.2 765.9 73
13.08.2016 23:00 15.4 767.0 90
13.08.2016 17:00 20.8 766.9 47
13.08.2016 11:00 19.4 768.5 40
13.08.2016 05:00 6.2 769.6 82
12.08.2016 23:00 9.9 769.2 80
12.08.2016 17:00 18.2 767.3 54
12.08.2016 11:00 15.2 767.6 70
11.08.2016 23:00 12.8 766.0 91
09.08.2016 17:00 27.4 759.5 40
09.08.2016 11:00 25.4 762.0 49
08.08.2016 23:00 13.3 764.8 93
08.08.2016 17:00 24,8 764.5 35
08.08.2016 11:00 21.8 766.7 47
08.08.2016 05:00 7.7 768.7 97
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07.08.2016 23:00 12.1 769.0 90 -
07.08.2016 17:00 22.0 768.0 51 -
07.08.2016 11:00 20.0 768.4 59 -
07.08.2016 05:00 15.4 767.8 88 -
06.08.2016 11:00 19.5 763.9 84 -
06.08.2016 05:00 17.5 762.4 93 -
05.08.2016 23:00 21.6 760.4 86 -
04.08.2016 17:00 27.9 761.0 45 -
04.08.2016 11:00 27.1 761.8 48 -
03.08.2016 23:00 15.1 762.4 96 -
03.08.2016 17:00 25.6 760.8 45 -
03.08.2016 11:00 22.2 761.7 57 -
03.08.2016 05:00 11.6 762.2 96 -
02.08.2016 23:00 15.9 761.8 94 -
02.08.2016 17:00 22.4 761.4 55 -
02.08.2016 11:00 20.1 763.0 68 -
02.08.2016 05:00 16.2 762.9 93 -
01.08.2016 23:00 17.9 762.1 94 -
01.08.2016 05:00 16.4 758.3 93 -

We have prepared four sections of 50x50 cm. Three of them were experimental and one
control. In each of these plots, we placed 10 species of Spanish snail (Arion lusitanicus). Each
area was separated from each other and thus the snails could not leave their area, and also
migrate from one to another. In order for the slugs to feed well we spread the leaves of lettuce,
cabbage, tomatoes and cucumbers each day along the perimeter of the experimental sites. On
hot days, in order to prevent the harmful effects of sunlight on snails, in all areas, we created a
shade to maintain their normal livelihoods (picture 2).

Picture 2. Plots where experiments were carried out
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During the first three days we watched slugs and maintained the optimal conditions for their
lives. During this period, no snail was died. On the fourth day, after they adapted to their new living
conditions, we once applied chemical preparation against them. On the experimental areas Nel and
Ne2, we evenly distributed the granules of the Ulysid and Patrol. And on the experimental area

number 3 we sprayed with 2% ammonia solution with a paddle sprayer (table 4).

Table 4. Scheme for carrying out experiments

Areas Name of the Form of the Active Consumption of the
limicide preparation substance preparation

Control — — — —
Experimental . ferrous
area Nel Ulysid Granules phosphate. le
Experimental Patrol Granules Methaldehyde 0,75 ¢
area Ne2

1 0,
Experimental 2 /0. aqua Granules Ammonia 10 ml
area Ne3 ammonia solution

Considering that the activity of snails falls at night, the treatment of all areas with the
limacides was carried out after 11p.m.

RESULTS OF RESEARCH AND ITS DISCUSSION

One of the most effective measures to combat snails is the use of chemicals. They may be
different in influence and its ingredients, but for good use they show good results. We
determined the effectiveness of the snails protection measures by counting the number of snails
at night before processing and the number of dead snails in the morning of the next two days
after it was carried out. As a rule, dead snails, were on the surface of the soil (sometimes in
shelters, lying sideways in an elongated position and did not react to touching them).

As a result of the researches, it was found that among the chemicals we studied, the best
results concerning the effect on the number of Spanish snail (Arion lusitanicus) showed a 2%
aqua ammonia solution. While other preparations (Patrol and Ulysides) were ineffective in
controlling this pest (Table 5).

Thus, in 2015 in the experiment Ne 1, the number of snails after treatment with the
preparation Ulysid were 8 snails, the preparation Patrol were 6 snails, and 2% aqua ammonia
solution was 1 snail, in experiment Ne 2 - the preparation Ulysid were 7 snails, the preparation
Patrol were 6 snails, and 2% aqua ammonia solution was O snail, in experiment Ne 3 - the
preparation Ulysid were 7 snails, the preparation Patrol were 5 snails, and 2% aqua ammonia
solution was 1 snail.

It should be noted that the same tendency was noted during the research in 2016.

Table 5. Influence of limicids on the number of Spanish snails (Arion lusitanicus)

. Number of Number of
Experiment Name of the . .
Areas ... snails before snails after
number limicide . .

processing processing

Experiment Nel Cog;rocile(s\;vil;lgl;) ut - 10 10

(1%10%82%(;155)_ Experimental area Nel Ulysid 10 8

e Experimental area Ne2 Patrol 10 6
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2% aqua
Experimental area Ne3 ammonia 10 1
solution
Gt | - 0 | w
Experiment - Ne2 Experimental area Nel Ulysid 10 7
(11.08.2015- Experimental area Ne2 Patrol 10 6
20.08.2015) P 2
2% aqua
Experimental area Ne3 ammonia 10 0
solution
et | - 0 | w
Experiment ~No3 Experimental area Nel Ulysid 10 7
(21.08.2015- Experimental area No2 Patrol 10 5
30.08.2015) P -
2% aqua
Experimental area Ne3 ammonia 10 1
solution
et | - 0o | w
Experiment ~Nod Experimental area Nel Ulysid 10 8
(01.08.2016- -
Experimental area Ne2 Patrol 10 6
10.08.2016)
2% aqua
Experimental area Ne3 ammonia 10 0
solution
o |- 0 |
Experiment - No Experimental area Nel Ulysid 10 8
(11.08.2016- E imental N2 Patrol 10 7
20.08.2016) xperimental area Ne atro
2% aqua
Experimental area Ne3 ammonia 10 0
solution
rocesing - 10 10
Experiment - Ne6 Experimental area Nel Ulysid 10 9
(21.08.2016- Experimental area Ne2 Patrol 10 8
30.08.2016) P >
2% aqua
Experimental area Ne3 ammonia 10 2
solution

In our opinion, the reason for this result is that local burns caused by granules of
preparations such as the Patrol and the Ulysid based on the methaldehyde and ferrous phosphate
don’t lead to the dehydration and death of the Spanish snail (Arion lusitanicus). Only those
snails were died on the body of which there were more than four granules of these preparations.
It was under such conditions that the body of the snail received burns of a large body surface,
which in turn led to dehydration and death (Diagram 1).
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m Ed  The effectiveness of the use of
limacides, % 93,3

21,7

Yaullma, MaTtpynb 2% po34KH amiary

Diagram 1. The effectiveness of the use of limacides

At Diagram 1 we can be see the death of snails with the use of the preparation Ulysid was
21.7%, and the preparation Patrol was 36.7% during 6 experiments. As for 2% aqua ammonia
solution, its high efficiency can be explained by the fact that uniformly sprayed sprayer working
solution affects almost the entire body of the snail. That is what leads to its dehydration and
instant death and makes up 93.3%.

CONCLUSION

In the practical work of people, the role of snails manifests itself in two aspects: as
transmitters of dangerous helminthiasis for domestic and industrial animals and as pests of
many cultivated plants.

Since snails cause significant damage to crops, it is necessary to implement measures to
combat them. Among these measures are agricultural, mechanical, chemical and biological.
One of the most effective measures to combat snails is the use of limacides. They may be
different in influence and its ingredients, but for good use they show good results.

During 6 experiments, the death of the Spanish snail (Arion lusitanicus) with the use of
preparation Ulysid was 21.7%, and the preparation Patrol was 36, 7%.

As for 2% aqua ammonia solution, its high efficiency can be explained by the fact that
uniformly sprayed sprayer working solution affects almost the entire body of the snail. That is
what leads to its dehydration and instant death and makes up 93.3%

As a result of the researches, it was found that among the chemicals we studied, the best
results concerning the effect on the number of Spanish snail (Arion lusitanicus) showed a 2%
aqua ammonia solution. While other preparations (Patrol and Ulysid) were ineffective in the
fight against this pest.

REFERENCES

1. baiigamuukoB A. A., 1989. Penkue HazemMHbIe MOJITIOCKH YKpamHCKuX Kapmar u
MyTH UX coxpaHeHus. BectH. 3001., Ne 3, 37-41.

2. bBadipamunkoB A.A., 1992. HazemHas wManakopayHa YkpanHckoro Ilonechs.
Coobmenne 1. BumoBoii cocTaB U CBS3b MOJUIIOCKOB C PACTHUTEIBHBIM MOKPOBOM.
BectH. 3001., Ne 4, 13-19.

3. Typans-Csepsoa H.B., 2009. [IpoHnKHEHHS! HOBUX BHJIB CIM3HSKIB Ha TEPUTOPIO
JIbBiBChKOiI 007acTi, IX MOMIJIMBE TOCIOAAPCHKE 3HAYCHHS Ta OCOOJIMBOCTI



72

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

nmiarHoctuku. Hayk. BicH. JIbBiB. Ham. yH-TY BEeTEpHH. MEIHIIMHH Ta Oi0TEXHOIOTIN
im. C.3. I'xunpkoro, JIssie, T. 11, Ne 3 (42), Y. 1, 269-276.

I'ypans-Ceepnoa H.B., 2009. CoBpemeHHOE paclpOCTpaHEHHE Ha3eMHBIX
MOJUTIOCKOB ceMeiicTBa Agriolimacidae Ha Tepputopuu Ykpaunsl. Ruthenica, T. 19,
Ne 2, 53-61.

I'ypans-Cepnosa H.B., 2010. HoBi 3Haxiaku Ha3eMHUX MOJIIOCKIB Ha TEPUTOPIi M.
JIpBoBa Ta JIpBiBCHKOT OOnacti. Hayk. 3am. nepsk. npuponosH. mysero, JIbBiB, Bum.
26, 221-223.

I'ypams-CepnoBa  H.B., 2011. Mopdonornueckne, aHaTOMUYECKHE H
MMOBEIEHYECKNE OCOOEHHOCTH CIM3HEH W3 KoMmIuiekca Arion lusitanicus s.l.
(Arionidae) na 3anmane Ykpaunsl. Ruthenica, T. 21, Ne 2, 97-111.

I'ypans-CsepnoBa H.B., 2011. Arion lusitanicus (Gastropoda, Pulmonata) Ha 3amaze
VYkpaunsl. BectH. 3oomoru, T. 45, Ne 2, 173-177.

I'ypans-CeepnoBa H.B., 2011. TlosBa icmaHchkoro cnusHsika Arion lusitanicus
(Gastropoda, Pulmonata, Arionidae) y JIbBOBI, i MOXJIUBI €KOJIOTIYHI Ta CKOHOMIYHI
Haciiaku. Hayk. 3am. aepsk. mpuposo3s. mysero, Bum. 27, 71-80.

Kupnan C.II., 2002. [lo BUBYCHHS CHHAaHTPOIHHX €JEMEHTIB y Ha3eMHHUX
MaJlaKolleHo3ax 3axoay Ykpainu. Hayk. 3am. mepx. mpupoaosH. mysero, 2002, T. 17,
191-195.

KoBampuyk I'.B., 2003. 3oonoris 3 ocHoBamu exosorii, Cymu: BTJ
«YHiBepcuTeTChKa KHUTa», 304-312.

Kopoms D.H., 2002. OOnapyxeHHE WHTPOAYIHPOBAHHOTO BHAA CIH3HEH
Krynickillus melanocephalus (Mollusca, Gastropoda, Stylommatophora) B Kuese u
IpefBapUTEIbHBIC PE3yIbTAaThl €r0 IeIbMUHTOJIOTHYECKOTO HCCIEeJOBaHHUA. BecTH.
300i1., T. 36, Ne 6, 57-59.

Jluxapes .M., 1980. Cinuznu daynst CCCP u conpenensubix crpan (Gastropoda
terrestria nuda). JI.: Hayxa, 438.

CgepiioBa H.B., 1999. Hazemni manakokomruiekcu JIbBoBa Ta iX 3B’S30K 3 €KOJIOTO-
¢iToneHornuHuMu nosicamu Micta. [pani HTII, T.3. Exonoriunuii 36ipHuk, 249-
253.

CgepiioBa H.B., 2002. BimnsHne aHTpONOTEHHBIX OaphepoB Ha (DEHOTHITMYECKYIO
cTpykTypy mnomyisimuii Cepaea hortensis (Gastropoda, Pulmonata) B ycmoBmsax
ropona. Becrs. 300m., T. 36, Ne 5, 61-64.

CsepioBa H.B., 2003. Marepianu g0 MOHITOPHHTY Ha3eMHOI MajakopayHH
(Gastropoda, Pulmonata) m. JIsBoBa Ta #ioro oxonmub. Hayk. 3am. nepk. mpupoOI03H.
Mmy3seto, T. 18, 127-134.

CseprnoBa H.B., 2004. Poyib BETMKUX MICT y PO3CENICHHI JCSIKWUX BUIIB Ha3eMHHX
MmodockiB (Gastropoda, Pulmonata). 36ipHuk HaykoBux mpaubs «HaykoBi ocHOBM
30epexeHHs 010THYHOI PiI3HOMaHITHOCTI», Bum. 5, 247-252.

Cgepinoa H.B., 2005. Bu3sHaunnk Ha3eMHUX MOJIOCKIB 3axoay Ykpainu, JIbBiB, 217.
CaepnoBa H.B., 2006. ®ayHa, 5x0y10Tusl 1 BHYTPUBUA0BAs H3MEHUNBOCTh HA3EMHBIX
MOJUIIOCKOB B ypOaHU3UpOBaHHOH cpene, JIbBoB, 226.

CsepnoBa H.B., 2008. TlepBass Haxoaka Ha3eMHOTO MoJuTIocKa Arion lusitanicus
(Gastropoda, Pulmonata, Arionidae) Ha Tepputopun YKpauHbl. JKuBbIe OOBEKTHI B
YCIOBHUSIX aHTPOIOTEHHOTO IIpecca: MaTepuanbl X MexayHap. Hayd.-pakT. KOH(.
(benropon, 15-18 cent. 2008 r.). benropoa: UIIL , ITomuteppa”, 194.

[kapyda M.I". Momtockosnorisi, 2009. Meroanunuii mocionuk. Kuis: BugaBauunii
nentp HYBIIl Ykpainu, 144.

Exkursionsfauna von Deutschland. B. 1. Wirbellose (ohne Insekten), 1992, 8. Aufl.,
Berlin: Volk u. Wissen, 638.



73

22. Kerney M.P., 1983. Die Landschnecken Nord- und Mitteleuropas, Hamburg; Berlin:
Parey, 384.

23. Kozlowski J., 2000. Reproduction of Arion lusitanicus Mabille, 1868 (Gastropoda:
Pulmonata: Arionidae) introduced in Poland. Fol. Malacol, Vol. 8, Nel, 87-94.

24. Wiktor A., 2000. Agriolimacidae (Gastropoda: Pulmonata) — a systematic
monograph. Ann. Zool., Vol. 49, Ne 4, 347-590.

25. Wiktor A., 2004. Slimaki ladowe Polski. Olsztyn: Mantis, 2004, 302.

26. Hausdorf B., 2000. The genus Monacha in the Western Caucasus (Gastropoda:
Hygromiidae). J. Nat.Hist., Vol. 34, 1575-1594.

27. Hausdorf B., 2000. The genus Monacha in Turkey (Gastropoda: Pulmonata:
Hygromiidae). Arch. Molluskenkunde, Vol. 128, Ne 15, 61-151.

AHOTANIA

E®OEKTUBHICTDb 3ACTOCYBAHHA JIIMAIUAIB OO0
SHU’KEHHS YACEJBbHOCTI C/IMMAKA ICHAHCBKOI'O (ARION
LUSITANICUS) HA TEPUTOPII MICTA JPOI'OBUYA

Criumaxy (TakoX CIIM3HI a00 CIM3HSIKH) — L€ IPpyNa Ha3eMHHX JIETeHEBHX MOJIIOCKIB Kiacy
Yepesonorux (Casteopoda) 3 4acTKOBO ab0 MOBHICTIO peyKOBaHOIO depernamkon. CIN3HIKH
MPE/ICTABICHI SIK MOPCHKUMHU, TaK 1 HA3EMHUMH BUIAMH.

Cnumak  icnancekuit  (Arion  lusitanicus) TIepecyBaeThCS 3aBIIKH  PHTMIYHOMY
CKOpOUYeHHIO M s13iB HOTH. IIIBHIKICTh HOTO TepecyBaHHS KOJMUBA€EThCA Bif 6 mo 8 cm/xB. Tino
MTOKPUTE TOHKOIO HIXKHOIO IIKIPOIO, SIKY BiJl BUCUXaHHS 3axuinae cim3. Ciou3 ayxe BaKIUBUH,
OCKUTBKH BiH jomoMarae iM pyxaTHcs, i MICTUTh BOJIOKHA, SKi MEPEIIKOPKAIOTh CIH3HAKY
3iCTIM3aTH BHU3 3 BEPTHKAJIHHUX MOBEPXOHb. Tak sK 111 pedoBuHA Ha 98 % CKitamaeThes 3 BOIH,
TO BIJHOBIIIOBATH Ii CIMMaKaM XUTTEBO HEOOX1IHO.

Caumaku — gaBocrateBi icrotu (repmadponutd). Kuyts Big 1 1o 3 poki. Sidis
BiakyanaoTh KynkaMu 1o 10-35 mTyk B rpyHT Ha rmuOuny 5-30 cM B TPIIIMHH, M TPYAKH
3emili, OIS KOPEHEBOI IIMHKKM POCIMH, @ TO W Ha BOJIOTY 3€MJIIO, @ TaKOX IiJ PI3HUMH
npeaMeramu. [10ar04icTh MIKITHUKA B 3aJICKHOCTI BiJf BUIY Ta YMOB Ce30HY pi3Ha. MOXyTb
BUTPUMYBATH Pi3Ki TeMIlEpaTypHi KOJMBaHHA. AJle Ha 3UMOBHH Iepiox mepe0yBaloTh y CTaHi
aHa0io3y.

XKuByTe Ha roponax, y cagax Ta TMapKaxX, Ha BHHOTPAJHUKAX, MOPSI 3 ITOMEUIKaHHIMA
JIO/IEH, a TAaKOK 3aII0B3aI0Th y capai, OBOUECXOBHIIA, TETUIUII Ta HAPHUKU. AKTUBHI CITUMAKH B
CYTiHKaxX Ta B HiYHI TOAWHH, a ACSIKi OCOOWHHU B JOMIOBI 1 MOXMYpi IHI, KOJU BCEe HacHUYEHE
BOJIOTOIO BIATIPABIIIIOTECS 33 TOXXKHBOIO BICHb. CIMMAaKH YIIKOKYIOTh AY)KE IIHPOKUHA
Jiana3oH KyabTyp. KpiM 3HHUIIEHHS BpoKaio, CIMMAK{ MOTIPINYIOTh TOBApHI SKOCTI MPOJYKII.
[MomkomKeHHs, 3aBlaHi CIMMaKaMH — L€ BIJIKPHUTI BOpPOTa AJIsl NPOHUKHEHHsS T'PHOKOBUX Ta
iHIKX 1H(EKIIN BiI POCIUHY IO POCIIUHU.

VY npakTH4HIA JISUIBHOCTI JIIOJICH pPOJIb CIMMAaKiB MPOSIBISETHCS B JIBOX acHeKTax: SK
nepeiaBayiB HeOE3MEUHUX TEIBMIHTO31B JUIsl JOMALIHIX 1 IPOMHUCIIOBUX TBapHH 1 K MIKITHHUKIB
6araTboX KyJbTypHHX POCIIHH.

OCKITBKM CIMMAaKH 3aBJAIOTh 3HAYHOI IIKOTU CUTBCHKOTOCIIONAPCHEKUM  KYJIBTypaM,
MOTPIOHO BIPOBAKYBATH 3axoqu OopoThOM 3 HuMH. Cepea IUX 3axO0JiB BHIUIIOTH
arpoTeXHIYHi, MeXaHI4Hi, XIMi4Hi Ta 010J0T14HI.

OmHuM i3 HamieBIKX 3axX0XiB y OOpOTHOI i3 CIMMakaMU € 3aCTOCYBAHHS JTIMAIlUiB.
Bonn MoxyTh OyTH pi3HIMH 3a BILUTMBOM i CBOIM CKJIQJOM, ajie 32 IPABHIIIBHOTO BUKOPHCTAHHS
MIOKa3yI0Th XOPOIIIi Pe3yJIbTaTH.
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ITix wac mpoBemeHHs 6 MOCIHIAiB 3aruOenb ciuMaka icrmancbkoro (Arion lusitanicus) i3
3acrocyBaHHs npanaraty Yiaullun cranosumna 21, 7 %, npemapary [latpyns — 36, 7 %.

o x crocyeThest 2 % pO3YUHY aMiaky, TO BUCOKY HOro e()eKTUBHICTh MOYKHA TTOSICHUTH THM,
IO PIBHOMIPHO PO3MMIICHHUI OONPHCKyBaueM poOOYMil PO3UMH Bpakae Maibke BCE TUIO CIMMAKa.
Cawme 11e PU3BOAUTH JIO HOTO 3HEBOIHCHHS Ta MUTTEBOT 3aruOeii i cTaHoBHUTH — 93,3 %.

VY pe3ynpTaTi MPOBEACHUX IOCIIKCHb OYJIO BCTAaHOBJICHO, IO CEPE JOCIIIKYBaHUX
HAMM XIMIYHHMX IpermapariB HaWKpamny pe3yibTaTH MIOAO BIUIUBY HAa YHCEJIBHICTH CIMMaKa
icnancekoro (Arion lusitanicus) nokazaB 2 % posumH amiaky. Toai sk iHINI npenapaTtu
(ITarpyms Ta Ynullux) Oynn manoedekTHBHIMHA y 60pOTHOi 3 IIFM IIKiTHUKOM.
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THE OCCURRENCE OF AMPHIPLEURA PELLUCIDA (KUTZ.)
KUTZ. IN SOUTH-EASTERN POLAND

Abstract. Diatoms from the genus Amphipleura develops mainly in oligo- and
mesotrophic standing and flowing waters. Studies conducted between 2007-2015, within the
territory of south-eastern Poland, showed the occurrence of Amphipleura pellucida (Kiitz.)
Kiitz., a species on the Polish Red List of Algae in the rare (R) category. The species developed
mainly in individual form in the upper parts of the studied streams, and only within the area of
the Magura National Park (Lower Beskids), where it was more frequent and reached the rank of
‘dominant’. Amphipleura pellucida is a cosmopolitan, litoral species. It prefers standing waters,
especially eutrophic and flowing slowly, and also brackish waters. The studies conducted
showed that the species probably preferred water rich in calcium, alkaline or near to neutral pH,
with moderate electrolyte content.

Keywords: Amphipleura pellucida, rare diatom taxa, flowing and standing waters

INTRODUCTION

The genus Amphipleura Kiitz. is characterized by a linear to lanceolate valve shape.
Apices are slightly constricted. Raphe branches are greatly shortened and increase in length
only slightly as the length of the valve increases. A long, low-profile median rib that bifurcates
near the poles forms short branches around the raphe system. Striae are not visible under light
microscope. The genus Amphipleura includes freshwater and marine species [1, 2, 13, 14].

Amphipleura pellucida (Kiitz.) Kiitz. is a cosmopolitan, freshwater species that develops
more often in standing waters than flowing waters. The species is also found in brackish waters
with low salinity, and in waters rich in calcium with high electrolyte content. The species is
classified as R — rare on the Polish Red List of Algae [1, 2, 14, 16].

The aim of the work was to present new records of the rare species Amphipleura pellucida
(Kiitz.) Kiitz. in south-eastern Poland, taking into account ecological preferences and different
habitats.

MATERIALS AND METHODS

The study was conducted between 2007-2015 in south-eastern Poland, mainly in flowing
water (rivers and streams in the Wisloka, Wislok and San valleys), and less frequently in
stagnant waters (Duszatynskie Lakes, Rzeszow Reservoir) — Fig. 1.
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@ sampling sites

Fig. 1. Location of study sites: 1 — Biala Tarnowska, 2 — Ropa, 3 — sites at the territory of
Magura National Park (River Wisloka with tributaries — 23 sampling sites), 4-9 — Wislok,
10-11 - Morwawa, 12 — Pielnica, 13 — Stobnica, 14 — Ryjak (the Strug tributary), 15 —
Strug, 16 — Mleczka, 17 — potok Olchowaty i Jeziorka Dusztynskie (7 sampling sites), 18-
26 —Wolosaty, Terebowiec and Rzeczyca, 27-28 — San, 29 — Baryczka.

Samples were collected at each station from all available habitats, i.e. stones, mud and
vascular plants. Materials were collected mostly from spring to autumn throughout the year, or
only in spring and autumn (the Wolosaty stream and its tributaries), and then prepared and
processed by the methods used in diatom studies [3]. Measurements of the pH and electrolytic
conductivity were made directly in the field, while other chemical parameters were measured in
the laboratory. The material was preserved in a 4% formalin solution. The treatment of the
collected material, together with the preparation of the microscope, was carried out in the same
way as presented in the paper by Noga et al. [8].

Diatoms were identified under Nikon ECLIPSE 80i and Carl Zeiss Axio Imager A2 light
microscopes (LM) at a magnification of 1000X, and under a Hitachi SU8010 scanning electron
microscope. Diatoms were identified using keys from Krammer, Lange-Bertalot [4] and
Hofmann et al. [2]. The richness of the species was obtained by counting specimens in
randomly selected fields of view under light microscope, up to a total of 400 valves. The most
abundant (dominant) species were those with a sample share of more than 5%.
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RESULTS

Research conducted between the years 2007-2015 in south-eastern Poland showed the
occurrence of the rare species Amphipleura pellucida (Kiitz.) Kiitz. (Fig. 2). As a single
specimen, it grows in the River Wislok, in the upper parts of the Rivers San, Wistoka, Biata,
Ropa Stobnica, Pielnica, Morwawa and Mleczka, and in the upper part of the River Strug and
its tributary Ryjak. The species was also found in the Baryczka, Olchowaty, Wolosaty,
Wotosatka and Terebowiec streams, in the Magura National Park in the Ryjak, Klopotnica,
Wilsznia, Krempna, Swierzéwka, Rzeszowka, Zimna Woda and Baranie streams, and also in
the Duszatynskie Lakes.

For most positions, the species developed in the form of individual cells. Amphipleura
pellucida was the dominant species (10—12% share in the diatom assemblage) only in the upper
reaches of the Wistoka and its tributary — Krempna. The largest populations formed on rocks, in
the summer and autumn of 2013, at low water levels.

Fig. 2. Amphipleura pellucida: a,b — light microscope images, ¢ — scanning electron
microscope image (SEM)

The dimensions of Amphipleura pellucida cells were as follows: length from 64.0 to
94.1 um, width of 7.2 to 9.4 um, striae invisible under light microscope.

The rivers and streams in which the research was conducted were characterized by
alkaline or near neutral-to-neutral pH (6.3-8.8) and medium or high conductivity values
(340-530 puSxcm™). At sites in the Low Beskids, where the most numerous populations were
created, water was characterized by low biogenic content (mainly nitrogen and phosphorus),
often below the limit of quantification. In contrast, Ca** content was high, especially at the site
on Krempna stream (69.4-76.4 mgxdm™).

Amphipleura pellucida was found in materials collected from various habitat types, on
stones, sand and mosses.

At the sites where Amphipleura pellucida was found in the diatom assemblages, the
following species were most numerous: Achnanthidium minutissimum var. minutissimum,
A. pyrenaicum, Encyonema minutum, E. ventricosum, Encyonopsis subminuta, E. minuta,
Diatoma ehrenbergii, D. moniliformis, D. polonica, Cymbella parva and C. excisa.
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DYSCUSSION

Amphipleura pellucida is a cosmopolitan species, often reported in Poland [14, 15]. On the
Polish Red List of Algae, it is a rare species — threat category R [16].

It is a freshwater, littoral species that prefers standing water, especially eutrophic one. It
also develops in slow-flowing and brackish water [14]. It is considered a tolerant species,
widely distributed in oligo- to eutrophic alkaline waters (pH>7) [3, 12, 14]. On the German Red
List of Algae it is also in the R category (extremely rare), and is now an endangered species [5].

In south-eastern Poland this species occurs frequently in various types of flowing and
standing waters. Typically, it was recorded individually in the upper sections of watercourses
[6-11] - only in the rivers and streams of the Magura National Park (Low Beskids) it occur
more frequently. Amphipleura pellucida was dominant in the upper reaches of the River,
Wistoka and in the Krempna stream (right tributary of the River Wistoka) — the most numerous
populations formed in summer and autumn in high calcium content (over 70 mg 1""). The pH of
the water was varied and oscillated between 6.5 to 7.9 pH; at the same time the conductivity
values ranged from 297 to 530 uS cm’™.

The study showed that A. pellucida prefers clean water, alkaline or approximately neutral,
medium conductivity values and a high calcium content. The largest populations typically
formed at low water levels.
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ABSTRACT

WYSTEPOWANIE AMPHIPLEURA PELLUCIDA (KUTZ.) KUTZ. W
POLUDNIOWO-WSCHODNIEJ POLSCE

Rodzaj Amphipleura posiada najczgsciej komoérki ksztaltu wrzecionowatego Iub
lancetowatego z wezlem wyciagnigtym Srodkowym wzdluz podtuznej osi okrywy w postaci
zeberka (sternum) rozwidlonego na koncach. W sternum zaglebione sa krétsze ramiona rafy.
Prazki sg bardzo delikatne i niewidoczne w mikroskopie swietlnym. Do rodzaju Amphipleura
nalezg zaréwno gatunki stodkowodne jak i morskie. Badany gatunek — Amphipleura pellucida
(Kiitz.) Kiitz. — jest kosmopolityczna, stodkowodng okrzemka, ktéra czesciej rozwija si¢ w
wodach stojacych niz plynacych. Wystepuje takze w wodach stonawych o niskim zasoleniu
oraz w wodach bogatych w waph z wysoka zawartoscig elektrolitéw. Gatunek w polskiej
czerwonej liScie glonéw zaliczono do kategorii R — rzadkie. Celem pracy bylo przedstawienie
stanowisk wystgpowania Amphipleura pellucida na terenie potudniowo-wschodniej Polski, z
uwzglednieniem preferencji ekologicznych i r6znych typdw siedlisk. Badania prowadzono w
latach 2007-2015 w Polsce poludniowo-wschodniej, gtéwnie w wodach ptynacych (rzeki i
potoki w dolinie Wistoka Wistoki i Sanu), rzadziej w wodach stojacych (Jeziorka Duszatynskie,
Zalew Rzeszowski) (Ryc. 1). Materialy na wigkszosci stanowisk zbierano w sezonach od
wiosny do jesieni na przestrzeni roku lub tylko wiosng i jesienia (potok Wolosaty wraz z
doptywami). Od 2007 roku A. pellucida byta oznaczana w wielu rzekach i potokach na terenie
potudniowo-wschodniej Polski (wzdtuz calego biegu Wistoka, w gérnych biegach Sanu,
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Wistoki, Bialej, Ropy, Stobnicy, Pielnicy, Morwawy i Mleczki, takze w Strugu i jego doplywie
Ryjaku, w potokach: Baryczka, Olchowaty, Wolosaty, Wotosatka i Terebowiec, w potokach na
terenie Magurskiego Parku Narodowego: Ryjak, Ktopotnica, Wilsznia, Krempna, Swierzéwka,
Rzeszéwka, Zima Woda i Baranie oraz w Jeziorkach Duszatynskich). Wymiary komoérek A.
pellucida wynosily odpowiednio od 64.0 do 94.1 um dtugosci, od 7.2 do 9.4 pm szerokosci,
natomiast delikatne prazki byly niewidoczne w mikroskopie $wietlnym. Amphipleura pellucida
byla oznaczana w materiale pochodzacym z réznych typdw siedlisk, tj. na kamieniach, piasku
oraz wér6d mchow. Na stanowiskach, na ktérych stwierdzono wystgpowanie tego gatunku, w
zbiorowisku okrzemek najliczniej rozwijaly si¢ nastepujace gatunki: Achnanthidium
minutissimum var. minutissimum, A. pyrenaicum, Encyonema minutum, E. ventricosum,
Encyonopsis subminuta, E. minuta, Diatoma ehrenbergii, D. moniliformis, D. polonica,
Cymbella parva oraz C. excisa. Na wigkszo$ci stanowisk gatunek rozwijal si¢ w postaci
pojedynczych komérek, gtéwnie w gérnych odcinkach badanych ciekéw. Range gatunku
dominujacego osiagnat tylko w gérnym biegu Wistoki i jej doptywie Krempnej (10-12%
udziatu w zbiorowisku okrzemek). Najliczniejsze populacje obserwowano na kamieniach, latem
1 jesienig 2013 roku, przy niskich stanach wody. Rozwijata si¢ w wodach z wysoka zawarto$cia
jonéw wapnia (ponad 70 mg 1), przy zmiennym odczynie wody (od 6.5 do 7.9) i $rednich
wartosci przewodnictwa elektrolitycznego (od 297 do 530 uS cm™).
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ADVENTIVES SPECIES IN REGIONAL THERIOFAUNA

Abstract. The composition of adventive fauna in Lviv region was investigated. Their
impact on the autochthonous faunal complexes was analyzed. The ways of adventive species
entering were studied. The composition of adventive species in the region was established. A
success in forming of stable population of introduced species depended of mastering of natural
ecosystems by them. On the contrary, a success of invasive species occurs in urban systems
(house mouse, Norway rat, Kuhl’s pipistrelle). The ways of species penetration are defined:
introduced, reintrodutsenty. long invaydery, near invaydery, species pulsovyky.. the following
species belong to introduced: Oryctolagus cuniculus, Myocastor coypus, Ondatra zibethicus,
Cervus Nippon, Nyctereutes procyonoides, Dama dama; reintroductory species - Bison
bonasus; long invaydery species - Mus musculus, Rattus norvegicus; Near invaydery species -
Eptesicus serotinus, Martes foina, Sciurus vulgaris carpathicus; pulsatory species— Capreolus
capreolus, Lutra lutra, Meles meles, Sus scrofa.

Keywords: adventive fauna, autochthonous faunal complexes, species, introduced,
reintroducents. long invaydery, near invaydery, pulsatory species.

INTORDUCTION

The modern period of fauna development is characterized by changes in their composition,
directly or indirectly dependent on anthropogenic factor. This is determined by the following
factors: numerous human experiments with the introduction of new species for hunting lands
improvement; the destruction of natural complexes and the introduction of new species that
were not previously a part of the local fauna. In general, the negative processes occurring at the
level of the regional fauna are associated with the problems of some aboriginal species
disappearance due to the destruction of natural systems, but the emergence of new species is
becoming equally important [2].

Taking into account the various forms of direct or indirect influence, its composition is
volatile both in space and in time. It is important to study the habitats of the indigenous species
distribution, which can expand the boundaries for its existence, thus creating a danger to the
local teriofauna. However, the most destructive changes in natural complexes are caused by
adventitious species. The danger of other species entrance is the following: displacement of
aboriginal species and biodiversity reduction; habitats transformation and reduction of its
representativeness; loss of value and uniqueness in natural complexes. By studying the
composition of the regional fauna, we do not have the right to ignore the adventists because of
their participation in the functioning of the faunal complexes becomes more and more important
and provokes further changes in the fauna.

A group of species that slowly or quickly became a part of natural biotic complexes and
became an integral part is called the adventitious fauna.

By studying the composition of the regional fauna, we do not have the right to ignore the
aAdventists because their participation in the functioning of the faunal complexes becomes
more and more important and provokes further changes in the fauna.

The purpose of this work is to summarize the data on the adventitious fauna composition
in Lviv region and to analyze its impacts on aboriginal faunal complexes.
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All variety of mammal’s species that are a part of the adventitious teroiofauna of the
western regions of Ukraine can be divided into several groups characterized by their
peculiarities of origin and systematic or ecological closeness to aboriginal species.

The conducted researches and analysis of literary data allowed highlighting ways of species

entrance: introduced, reintroducents, long invadery, near invadery, pulsating species (table 1).

Tab.1. — Adventist group as a part aboriginal mammal fauna

Group of species

Composition groups in Ukraine

Composition groups in region

Equus hemionus

n=10 Cavia porcellus, Cervus Nippon, | n=5 Cervus Nippon,
Introduced Dama dama, Mustela vison, Myocqstor Oryctolagus cuniculus,
species coypus, Nyctereut?s procyonoides, Myocqstor coypus, Ondatra
Oryctolagus cuniculus, Ondatra | zibethicus, Nyctereutes
zibethicus, Ovis orientalis, Procyon lotor | procyonoides, Dama dama
. n=3 Bison bonasus, Equus gmelini, | n=1 Bison bonasus
Reintroducents

Long invader

n=4 Mus musculus, Rattus norvegicus,
Canis aureus

n=2 Mus musculus,
Rattus norvegicus

Near invader

n=4 Eptesicus serotinus, Pipistrellus
kuhlii, Martes foina, Sciurus vulgaris
carpathicus

serotinus,
Sciurus

n=3  Eptesicus
Martes foina,
vulgaris carpathicus.

Pulsating species

n=6 Alces alces, Capreolus capreolus,
Desmana moschata, Lutra lutra, Meles
meles, Sus scrofa

n=4 Capreolus capreolus,
Lutra lutra, Meles meles, Sus
scrofa

Total

31

15

Introduced species are species of living organisms that are a part of non-native groups,
species outside their natural habitats. Most often, the term is used for species deliberately or
accidentally brought to a new place because of human activity. The adaptation process of the
introduced species in a new place is called introduction. The introduced species can
significantly change the ecosystem of the region, and cause a significant reduction or even
extinction in particular local flora and fauna.

The introduced species include Oryctolagus cuniculus, Myocastor coypus, Ondatra
zibethicus, Cervus Nippon deer, Nyctereutes procyonoides, Dama dama.

Oryctolagus cuniculus is a species introduced in the early twentieth century.
Acclimatization was carried out in the lands of the Gorodok, Mykolaiv and Yavoriv forestry of
Lviv region. It threatens to the existence of Lepus europaeus.

Mpyocastor coypus. In the second half of the twentieth century, it was widely used as a
domestic animal with artificial restraint for the sake of furs and meat in the contractors of the
Lviv region. Enhanced farming led to escape from culture and distribution in floodplain
complexes, urbocenosises.

Ondatra zibethicus is a rodent, introduced in the middle of the twentieth century from
North America After the introduction and resettlement of the muskrat, there was a powerful
outbreak of its size, after which, respectively, the decline. Today, the state of the population,
probably, to some extent, "normalized" (taking into account the capacity of the environment).
The number of species remains relatively stable in recent years. Ondatra zibethicus remains a
valuable fur animal, which level of production largely depends on the fashion on its fur.

Cervus Nippon is preserved in very small quantities today, only on the territory of some
hunting farms in the region. Today, there is a crossbreeding of females with noble deer, which
displaces during the race of males. This issue requires further scientific research.
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Nyctereutes procyonoides is a widespread predator in the plains of the region. Its number
is estimated at about 120 individuals. This species settled places with high humidity: marshy
river valleys, the outskirts of swamps, damp meadows, thickets of reeds on the shores of
reservoirs, rarefied deciduous forests, characterized by a thick undergrowth. This is a typical
Euriphag; except for various parts of plants, fruits, insects, invertebrates, small mammals, fish,
it can consume birds (and their masonry and chicks), including and waterfowl, than to bring
some damage to the hunting economy [3].

Dama dama. In Ukraine, the first introductions took place in the Middle Ages, in
Transcarpathia and Galicia [1]. In 2012, the population was 75 heads.

The reintroduced species include species of genetically derived populations, which are
destroyed by man in historical times, and use adjacent species for the restoration of lost forms.
That is, the process of restoring species within the limits of the historical range and using the
closest forms: Bison bonasus.

Bison bonasus is a typical representative of the regional fauna, destroyed in Ukraine in
historical times. For the first time, 10 individuals of the population of this species were
imported from the Belovezhskaya Pushcha to Korostiv Forestry (1965). Seasonal migrations of
animals testify to the adaptability of bison to difficult mountain conditions of existence, which
suggests the possibility of restoration in the Skole Beskids. In the summer 2009, 6 individuals
of bison were imported to Maidan forestry from Germany. It is planned to create a bison herd to
form a single Eastern Carpathian population within the national park "Skolevski Beskydy" and
Bieszczady National Park (Poland) [5].

Long invaydery species, which appeared as a part of the wild fauna due to natural settlement,
but with the assistance of humans are Mus musculus, Rattus norvegicus. These species with invasive
potential are capable of expanding the range and increasing population size.

Mus musculus is a Sinanthrop species that penetrated Europe only in historical times.
There is a tendency to expand the boundaries of the range, due to the development of man
natural complexes.

Rattus norvegicus is a synanthropic, extreme generalist: lifestyle, agility and powerful
reproductive potential helped him populate almost the whole world. It occurs in a variety of
places, including garbage cans, sewers, basements - wherever it can find food and shelter. All-
species, its forage spectrum is very broad and includes invertebrates, frogs, small mammals,
eggs, as well as food products and waste. For a long time, a man tries to control (not always
successful) the number of gray rats, because he is a serious problem and carrier of dangerous
diseases. Individuals are able to develop resistance to rodenticides and other poisons that are
highly toxic to many other mammals.

Near invaydery are species that have significantly changed their distribution within the
region, but have not formally changed their belonging to the regional fauna: they are still a part
of the fauna of Ukraine, but in part of the regions, they are new because of the expansion of
their distribution boundaries. They do not show large scale changes, and habitat variations are
gradual: Eptesicus serotinus, Martes foina, Sciurus vulgaris carpathicus.

Eptesicus serotinus is an aborigine species and is sedentary. Powerful populations are
concentrated in the forest-steppe zone. In the south and north, populations are less numerous.
This species is sinanthropus and its distribution at a minimum is due to the availability of
settlements. It is registered on the territory of Skolivsky Beskydy, which testifies to the decline
of the species expansion.

Martes foina is a typical species within the most natural areas, especially characteristic of
mountainous areas. It is prone to synanthropy. The species extends its range to the north. The
key reasons for this could be the dilution of populations of aboriginal species of forest stumps.

Sciurus vulgaris carpathicus is a subspecies of the normal selection, which distribution is
limited to the Carpathian forests [4]. In general, it is believed that the distribution of red and
dark forms is determined by the spread of dark hairpin and plain (light) beech-oak forests. Such
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features contributed to the expansion of the synanthropic black form, which became dominant
in most biotopes in the Carpathian region.

Pulsating species are mainly species of local fauna, which at least once significantly
reduced areas within the region during historical times. Most of the pulsations are unnatural and
generated by anthropogenic influences. Typically, such pulsations occur within the range of
historical habitats of species. Sometimes, the pulsations become more powerful, and species are
introduced into the new natural zones. Among the examples, the representatives of hunting
fauna dominate: Capreolus capreolus, Lutra lutra, Meles meles, Sus scrofa.

Capreolus capreolus preferes to sparse biotopes with shrubs, hayfields with groups of
trees and shrubs, cuttings and lawns with a growth of wood species. The goats perform vertical
seasonal movements. In winter, with an increase in the snow cover height, they descend into the
valleys, in the lower belt of mountains. In the spring, when the snow cover decreases, they
climb higher up into the mountains.

Lutra lutra is a typical representative of the wetlands in the region.

Meles meles is quite a plastic species in its ecology. It can live and successfully multiply even
in an urbanized environment, for example, in the countries of Western Europe where badgers live
and arrange their burrows near residential buildings, in cemeteries, in parks and even under the walls
of houses (this is provided that they do not persecute and are not destroyed by the man).

It is sporadically distributed in Precarpathian, Verkhnednistrovsky and Skole Beskydy
(and not only), where there is a whole complex of necessary environmental conditions for a life
of a badger. It suffers from the purposeful destruction by a man. Other environmental factors
(environmental pollution, the disappearance of suitable places for life, etc.) are not the cause of
the disappearance of badgers.

Sus scrofa expands its areal in search of food. Over the past few years, reports of the
appearance of wild boar population come from locals in the region.

INFLUENCE OF ADVENTITIOUS SPECIES ON AUTOCHTHONOUS
FAUNAL COMPLEXES

Introduced species can significantly change the ecosystem of the region. In the case of
natural invasions, virtually all species are immediately a part of the local fauna. This process is
completed by the formation of synanthropic populations, that is, those living in conditions that
are substantially transformed by man. Each invasion or introduction leads to the emergence of a
new grouping of species in the native group, which leads to a restructuring in the entire
structure of the groups. They cause a significant reduction or even extinction of particular
species in local fauna.

CONCLUSIONS

1. An analysis of the adventitious fauna composition and the particular features of individual
species introduced or acclimatized artificially or infused naturally makes it possible to generalize.

2. Often, introduced species are able to significantly change the structure of the
ecosystems in the region, and cause a significant reduction or even extinction of certain species
in local fauna.

3. In the Lviv region, the number of adventists is the smallest comparing the other
geographic regions, which is determined by the high degree of natural complexes conservation
and unsuccessful attempts to acclimatize species in these regions.

4. In the case of natural invasions, virtually all species are immediately a part of the local
fauna. This process is completed by the formation of synanthropic populations, that is, those
living in conditions that are substantially transformed by man.
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5. The success of the stable populations formation of introduced species depends on the
development of their natural ecosystems. Instead, the success of invasive species takes place in
urban systems.
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AHOTAIIS

AJIBETUBHI BUJM Y CKJAJII PETIOHAJIbHOI TEPIO®AYHHU

CyuacHuii epioJ; po3BUTKY (ayH XapaKTepU3yeThCsl 3MIHAMH iXHBOTO CKJIay, IPSIMO abo
OII0CEPEAKOBAHO 3aJE€KHUMHU BiZl aHTPOIIOT€HHOTO (aKTopy.

Ie BU3HAYAETHCS YHCIICHHUMH CKCIICPUMEHTAMH JIFOJJMHH 3 IHTPOAYKIIIEI0 HOBUX BUJIB 3
METOI0 TOKPAIICHHS MHUCIUBCBKUX YTrib, TpaHC(QOpMAIEr0 MPUPOJHUX KOMIUICKCIB Ta
BCEJICHHSIM HOBUX BHUJIB, IO paHimle He OynM CKJIaJOBUMM MicueBoi QayHu. 3araiom
HEeraTWBHI NpOLECH, L0 BiJOyBalOThCS Ha pIiBHI perioHajbpHOi (ayHH, IOB’S3YIOTh 3
npoOieMaMH 3HUKHEHHS 4YacTHHU aOOpWUTCHHHMX BHJIB BHACTINOK pYyHHAIIl TPUPOJTHUX
KOMIUIEKCIB, IPOTE HE MEHII BAXKIMBOIO CTA€E MOsIBA HOBUX BU/IIB.

BuBuaroun ckian perioHanpHOI (ayHH, iITHOPYBAaTH aJBEHTUCTAMU MH HE MAaeMO IIPaBa,
OCKUTBKH iXHA y4acTh y (pyHKIIOHYBaHHI ()ayHICTHYHUX KOMIUIEKCIB CTa€ JIeAaji BaroMimoro
Ta TPOBOKYE MOAANBIN 3MiHH (ayHH. Yce Pi3HOMAaHITTS BHJIIB CCAaBIliB, IO BXOAATH JIO
aZBEHTUBHOI 4acTWHU TapiodayHn 3aximHux obmacteit YKpaiHH, MOXXKHA 3BECTH 10 KiTBKOX
IpyH, IO BiJPI3HAIOTHECS OCOOJMBOCTSAMH IOXOJDKEHHS Ta CHCTEMAaTHYHOI0 200 EKOJOTIYHOO
OJU3BKICTIO 10O A0OPUTCHHUX BUJIIB.

[HTpOyKOBaHI BHAM — BHJM )KMBUX OpraHi3MiB, IO IepeOyBaroTh Yy CKJIaai HEPOJMHHUX
iM yrpynoBaHb, BUIM 32 MEXaMH CBOIX IPUPOAHMX apeaiiB. [Iporiec ocBOEHHS IHTPOILYKOBAHOTO
BUJIy HA HOBOMY MICIIi HA3UBA€THCS IHTPOAYKIIiE€r. [0 IHTPOAYKOBAHUX BHUIB BITHOCHTBCS: KPLIb,
HYTpisl, OHIaTpa, HOPKa aMepUKaHChKa. JI0 peTpoiHIyKOBaHUX BUIIIB BiTHOCATHCS BHIHM TEHETHIHO
BUXIiJIHI TIOMYJISMii SKAX TIOBHICTIO 3HUINECHI JIIOJUHOI0 B iCTOPWYHI YacW 1 Ui BiJIHOBJICHHS
BTpadeHUX ()OpPM BUKOPUCTOBYIOTH CyMDXKHI BUIHM. T0oOTO, I1e TIpoIiec BiTHOBICHHS BUIIIB B MEXax
ICTOPHYHOTO apeairy i BHKOPUCTaHHS HAHOLTBIIT ONMM3BKHUX (OpM: O130H €BPOTICHCHKHH.

Jlo BumiB 3 iHBa3iWHUM TOTEHITiAIOM (MaNbHIX i1HBaiAEpiB) BITHOCATHCS BHAH, IO
3’SABWIIMCS Y CKJIami nukoi (ayHW BHACTIZAOK pPO3CENeHHS MPHPOJHUM IUIIXOM, MPOTE 3a
CIPUSHHSM JIFOJMHU: MHIIA 3BHYaiHa, HETOMHUP OLTOCMYTHH, MAIFOK MaH[PiBHHUH.

bawxHi iHBalinepu — 1ie BUAM, 10 NOMITHO 3MIHWIM CBOE IIOIIMPEHHS Y MEXKaX perioHy,
npore GOpPMaILHO HE 3MIHMIIM CBOEI HAJICKHOCT] O PErioHanbHOI (ayHH: 5K 1 paHille, BOHH
BXOJITh 10 (ayHu YKpaiHH, TpOTEe y 4YacTWHI OOJNACTe BOHM € HOBHMH BHACIIIOK
PO3LIMPEHHST MEX CBOTO HOIIMpeHHA. MacmrtaOHuX 3MiH apeasliB BOHH HE JEMOHCTPYIOTb, i
3MIHM apeasiiB € TOCTYIIOBUMH : JIWJIMK Mi3HIH, KYHHIS KaM’siHA, BUBIPKa KapHarchbKa.

Buan-nynbCoBUKH — i€ MEPEeBAKHO BUIU MiCLeBOI (ayHH, IO MPOTITOM ICTOPUYHHX
4aciB MPHUHAKWMI OJMH pa3 CYTTEBO CKOPOTHJIM apeay B MEKax PETioHy: capHa €BpOTICHChKa,
BHJpA PiuKOBa, OOPCYK €BPONCHCHKUHN, MUKHIA KabaH.

AHai3 cxiany aaBeHTUBHOI (ayHH Ta 0COOJMBOCTEH OKpEeMHUX BHUJIB, IO iHTPOIYKOBaHI
YW aKJIIMaTH30BaHI IMITYYHHM NUIAXOM a00 iHBa3yBajucCs MPUPOAHHM IUITXOM, JO3BOJISE
3pobuTH  y3arampbHeHHS.  YacTo  IHTpOJMYKOBaHI ~ BHOM  37aTHI  ICTOTHO  3MIHWTH
CTPYKTYPY €KOCHCTEM PErioHy, 1  CTaloTh ~ NPUYMHOI0  3HAYHOTO  CKOpPOYEHHsS  abo
HAaBITh BAMHPaHHs OKPEMHX BUJIIB Mic1ieBoi (hayHH.

VY Kapnarax yacTka aJBEHTHCTIB € HaliMEHIIOI Yy MOPIBHSHI 3 IHIIMMU reorpadiyHUMU
00acTsMH, 110 BM3HAYAETHCS BHCOKHM CTYNEHEM 30Epe’KeHHS NMPHPOAHMUX KOMIUIEKCIB Ta
HEBJIAJIMMHU CIIpoOaMu aKiliMaTh3alii BUAIB y IIUX perioHax.

VY BUNaAKy NPUPOAHHUX 1HBA31HM MPAKTUIHO BCi BUAM Bipa3y BXOAATH IO CKJIATy MiCIIEBHX
¢dayn. el nmporec 3aBepiIyeThcss GOPMYBAHHIM CHHAHTPOITHUX MOMYJIIiN, TOOTO TaKHX, IO
MEIIKAIOTh Y CYTTEBO TPAHC(POPMOBAHUX JIOJIUHOI0 YMOBAX.

Yemix y ¢opMyBaHHI CTIHKHX TOMYJISIIIA 1HTPOXYKOBAHHUX BHIIB 3aJICKUTH BiJl OCBOEHHS
HUMH TIPUPOJHUX eKochcTeM. HaToMicTh ycIliX iHBa3iMHMX BWAIB Ma€ Micie B ypOaHiCTHIHHX
CHCTEMaXx.
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COMPARATIVE INFLUENCE OF INORGANIC FORMS OF CUPRUM
AND CHROMIUM ON THE ACTIVITY OF HYDROLYTIC
ENZYMES OF BULLS RUMEN

Abstract. Mineral elements play an important role in animal nourishment, they influence
the function of hematopoiesis, endocrine glands, protective reactions of the body, microflora of
the digestive tract, regulate metabolism, participate in protein biosynthesis, cellular membrane
permeability. However, mineral substances are not formed in the body, that’s why animals must
receive them with food. The absence or lack of certain mineral elements, as well as the violation
of their correlation in the diet reduces the effectiveness of the use of nutrients in feed and, as a
result, productivity and violates the metabolic processes.

In experiments in vitro we have established the positive effect of Copper and Chromium
salts on the enzymatic activity of microorganisms while applying into the incubation
environment with the contents of bull’s rumen, which led to a possible increase in the microbial
mass, an increase in the activity of the hydrolytic enzymes of the rumen microorganisms.

Keywords: rumen fermentation, micronutrient nutrition, cellulosolytic and amylolytic activity.

INTRODUCTION

Biochemical transformation of the nutrients of feed in the ruminant’s rumens is the result
of the vital functions of different taxonomic groups of microorganisms. The intensity of growth
of microorganisms in the rumen and their metabolic activity depends on the contents of energy
and protein, macro- and trace elements, and their availability in the animals’ diet [6, 7].

Metabolic processes in the body of animals are aimed at the plastic and energy supply of
their vital functions [8]. The vital functions and productivity of ruminants to a large extent
depends on the contents of the mineral substances in the diet. The symbiotic relationship
between the host animal and the microorganisms of the rumen creates the scientific basis for
rational nutrition of ruminants [19, 20]. In this regard, trace elements play a very important role
in the vital functions of the symbiotic microflora of the rumen [9, 15]. Mineral elements are part
of proteins, they serve as activators of enzymes, vitamins and other biologically active
compounds, that is, they are directly involved in the regulation of metabolic processes [16].

METHODS OF RESEARCH

Gobies were picked on the principle of analogues: the breed (Ukrainian black-and-white milk),
body weight (330-340 kg), age (24 months), which were fed fattening. The gobies were kept on
leotards in typical rooms. The feeding was balanced by the nutritional value of the diet (feed units,
digestible protein, minerals and vitamins) and corresponded to their age-related needs. The diet
contained: meadow hay, silage, fodder, juicy food. Fodder consisted of barley (50%), wheat (25%),
pea (10%) drank, sunflower meal (15%). Automatic drinking water tank. During the studies, we
observed the general condition of the gobies, motor activity, consumption of food and water.

The experiment was conducted in the winter-stool period. The material for biochemical
studies was the content of the rumen, which was taken 2 hours after the morning feeding of
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animals using a device made on the basis of the Bunsen flask and Komovsky's vacuum pump, it
was filtered through four layers of gauze and transported to the laboratory in a densely closed
thermos. The filtrate of the rumen in the ratio of 1: 4 was added to the incubation vials with the
medium of McDougall. The incubation was carried out under anaerobic conditions at a
temperature of 38°C for 24 hours. with the addition of the test substances. The control point
were samples that did not contain the test substance. In the samples under research, we
determined the mass of rumen microorganisms [18], amylolytic activity of the rumen
microorganisms [5] and cellulosolytic activity [2].

RESULTS OF RESEARCH

Rumen microorganisms are characterized by different enzymatic activity: they ferment
carbohydrates, break down proteins, synthesize essential amino acids, proteins, vitamins for
various taxonomic groups of microorganisms - bacteria, infusoria, fungi, spirochetes.

The key indicator that characterizes the processes of digestion in the rumen of ruminants
and the degree of their needs in amino acids are at the expense of microbial protein is the
content of microorganisms and their mass [13, 14]. The results of studies have shown that when
chromium sulphate is introduced into the incubation medium, activation of anabolic processes
in microorganism cells is observed, resulting in an increase in their mass. In particular, adding
to the medium of incubation of inorganic chromium in the concentration of 0.5-1.5 mM is likely
to deplete the growth of microorganisms. Moreover, the most intense and the smallest of their
growth was detected, respectively, at 1.0 and 2.5 mM. Growth of microorganisms increases at
all investigated concentrations of inorganic cuprum, however, the most intense growth of rumen
microorganisms after 24 hours of incubation in vitro is established when introducing into the
incubation medium a Copper sulfate in an amount of 0.5 mM. When added to the incubation
medium of other study doses, there were no probable differences.

It was found that the addition of low-dose of copper to the incubation medium stimulated
the enhancement of cellulolytic activity of the rumen microorganisms, which was not observed
when adding the highest studied dose of this element, indicating inhibition of cellulosolytic
enzymes in the rumen. The highest cellulolytic activity of the rumen microorganisms was found
after adding chromium chloride to an incubation medium of 1.0 mM, while it was the lowest
after adding 2.5 mM.

Along with the growth of cellulosolytic activity under the influence of the inorganic
cuprum, the amylolytic activity of the rumen microorganisms increased. In particular, after
adding copper sulfate to the incubation in all investigated concentrations, amylolytic activity
was higher compared to control. There were no feasible differences in the activation of
amylolytic enzymes. The highest growth of amylolytic activity was observed after adding 0.5
and 1.5 mM of chromium chloride in an incubation medium. Adding of the highest
concentration of 2.5 mM to the incubation medium did not change the growth rate of
microorganisms and suppressed the cellulolytic activity of the rumen microorganisms to some
extent. This indicates the inhibitory effect of the high concentrations of chromium chloride,
because during the life of microorganisms, the hydrogen is released, resulting in its surplus,
which can cause the suppression of the growth for certain groups of microorganisms, including
cellulosolytic and amylosolytic.
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Fig. 1 Influence of copper sulfate and chromium chloride on cellulolytic and
amylolytic activity of rumen microorganisms of bulls

DISCUSSION

In Ukraine, the issue of mineral nutrition, as well as the provision of animals with trace
elements was not studied enough. This problem should necessarily be linked to the presence of
various climatic and geological zones of the country with unequal provision of mineral
elements. There are a number of unexplained issues in the analysis of some aspects in the
mineral exchange of ruminants. First of all, it concerns the absorption of certain elements from
feed, the identification of the most available for absorption in their chemical forms, optimal
concentrations in rations, depending on the type of the latter, the age of the animals and other
exogenous and endogenous factors, the competition for carriers in the cells and the wall of the
digestive tract, and their binding and depositing in tissues. Molecular mechanisms of individual
trace elements action, on different f metabolism levels in the body (participation in enzyme
reactions, in the action of hormones, vitamins), the possibility of substituting one another are
little known.

The relevance of the study for this issue is due to the presence of data on the positive
effects of Copper and Chromium on the productivity of cattle in the literature, especially in
regions characterized by a shortage of mobile forms of trace elements in the soil and in feeds [1,
3]. It was shown that the addition of Copper salts to the ration of animals increases rumen
motility, enzymatic and synthetic activity of microorganisms. It is known [4] that Chromium is
a biologically active element. It participates in the nucleic acids exchange, is a part of the
insulin receptors. Metabolism of Chromium is complex because of its different valence states.

As it is known [10, 12], Copper participates in cellular respiration, bone formation,
connective tissue development, keratinization and pigmentation processes, in the immune
response, the functioning of the central nervous system and reproductive organs. Copper is a
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part of some enzymes, in particular phenol oxidase, ceruloplasmin, which plays an important
role in providing Copper homeostasis in the body. When added to the diet of bulls as a mineral
premix, made based on Copper sulfate in the rumen, it increases the number of microorganisms,
improves the ammonia assimilation by microorganisms. Copper, after Iron and Zinc, is the third
most widespread trace element in the animal body. It is known that Copper participates in
cellular respiration, bone formation, connective tissue development, spinal cord myelitis, tissues
keratinization and pigmentation, heart and the immune system functioning.

Cellulolytic activity of microorganisms increases in the cattle rumen under the influence
of Chromium, the body increases the intensity of proteins and carbohydrates metabolism. These
data are of interest as chromium plays a regulatory role in the replication and transcription
processes in microorganisms. It is known [11] that this trace element is found in a large quantity
in the genetic apparatus of eukaryotic cells, which may lie at the basis of its effect on the rumen
microorganisms growth.

The efficiency of feeding animals depends both on the physiological state and on the diet
balance by nutrients and biologically active substances, including mineral nutrition elements.
Optimization of mineral metabolism is a limiting factor for increasing the livestock products
obtaining.

CONCLUSIONS

The positive effect of Copper and Chromium salts on the enzymatic activity of
microorganisms in the incubation medium with the content of the rumen was established.

In vitro studies showed that the addition of 0,5 mM sulfuric acid and chromium chloride in
a dose of 1.0 mM to an incubation medium with a rumen content had a more pronounced
stimulating effect on the microbial cells proliferation and metabolic activity, which led to a
potentially increased microbial mass, growth of hydrolytic enzymes activity of the rumen
microorganisms.

Thus, the mineral elements are activators and inhibitors in metabolic processes not only in
the animal organs and tissues, but also in the cells of the symbiotic microflora in the rumen.
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AHOTANIA

MOPIBHSIJIbHUM BILJIUB HEOPTAHIYHUX ®OPM KYIIPYMY TA
XPOMY HA AKTUBHICTbD I'lJPOJHITUYHUX ®EPMEHTIB PYBIISA

BYTI'ANLIB

bioximiuHe mepeTBOPEHHS TMOXUBHUX PEYOBUH KOPMY B PYOIl JXKYHHHX € pe3yibTaToOM
KUTTEMISIIBHOCTI PI3HUX TaKCOHOMIYHMX TIPYyN MIKpPOOpraHi3MiB. IHTEHCHBHICTH pOCTY
MIKpOOpraHi3MiB y pyOmi Ta iXHsS MeTa0oJiYyHa aKTHBHICTH 3aJIe)KUTh BiJl BMICTY B palioHi
TBapuH €Heprii i mporeiHy, Makpo- i MiKpoeleMeHTIB Ta ix mocrymHocTi Bincyrticts abo
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HECTadya OKPEMHX MiHEpaJIbHHX EJIEMEHTIB, a TaKOXX MOPYIICHHS IXHBOTO CITiBBITHOIIECHHS B
parioHi 3HIWKYE e€()EeKTHBHOCTI BHKOPUCTAHHS ITOXHBHUX PEYOBHH KOPMIB 1, SIK HACIIiJOK,
MPOAYKTUBHICTh Ta MOPYIIYE MPOLECH METa0OII3MY.

CuMOIOTHYHUI B3a€MO3B’ 30K TBapUHHU-TOCHONAPS 1 MIKpOOpPraHi3MiB PyOLss CTBOPIOE
HAYKOBY OCHOBY palllOHAJIBHOTO JKHBICHHA kyiWHMX. KoomeparuBHa Jis pi3HUX
TAaKCOHOMIUHMX TpYyIl MIKpOOpTraHi3miB — Oakrepiii, iH(py30pii, rpubiB, cripoxer 3abe3nedye
PO3IICIUICHHS MMOKUBHUX PEYOBHH KOPMIB y PyOIll i BUKOPUCTaHHS YTBOPEHUX MPOAYKTIB, 3a
PaxyHOK SIKMX 3a0€3Me4y€eThCs PiCT MIKPOOPTaHi3MiB.

BuukiB noOupany 3a IPUHIKAIIOM aHAJIOTIB: TOPOAOI0 (YKpaiHChKa YOPHO-psi0a MOJIOYHA),
macoto Tinma (330-340 kr), BikoM (24 wmicsrmi), mo mnepeOyBamu Ha BigroziBmi. buuki
YTpUMYBaJIM Ha MPWB’ 31 B THIOBUX NMpUMinieHHAX. ['oaiBns Oymna 306amaHcoBaHa 3a MOKUBHOIO
BapTICTIO paiuioHy (KOPMOBUMH OJAWHHISIMH, IEPETPABHUM MPOTETHOM, MIiHEPAIbHUMHU
peJYOBHHAMH, BiTAMiHAMM) Ta BiIOBijana ix BikoBUM moTpebaM. ParioH MicTHB: CiHO JTyTOBE,
cuioc, KoMOikopM, cokoBUTI kKopmu. KomOikopm cknmamascs 3 suminaoi (50 %), mmmeHndHOT
(25 %), ropoxoBoi (10 %) nepTi, consmanKoBOI Makyxu (15 %). Bomomiii 3 apromoinok. Ilix
4yac JOCHI/DKCHb CIIOCTEpIraiyd 3a 3arajbHUM CTAHOM OHWYKIB, PYXOBOK aKTHUBHICTIO,
CHOXHMBAHHAM KOpMY 1 Bomu. [1i 9yac MOCHIIXKEHb CIIOCTEPIraliy 3a 3araikHUM CTaHOM OWYKIB,
PYXOBOIO aKTHBHICTIO, CIIO’KUBAHHSIM KOPMY 1 BOJIH.

Hocnin npoBeaeHWH y 3MMOBO-CTIHNOBMH mepioa. Marepianom s 0ioXiMiYHHX
JOCITiDKEHb CIIYTYBaB BMICT PyOIlsl, KW BiOWpanu 4depe3 2 Toj. MIiCIs PaHKOBOi TOJIBII
TBapuH 32 JONOMOrOI0 MPHWIIaAy, BHTOTOBJIEHOrO HA OCHOBI KoyiOu ByH3eHa Ta BakyyMHOT
momri KoMOBCBKOTO, (inmbTpyBamu Horo uepe3 YOTHUPH IIApH Mapii i TPaHCHOPTYBAIH Y
IITEHO 3aKPUTOMY TepMoci B taboparopito. Dinsrpat pyOms y cuiBBigHOmEHH] 1:4 BHOCHIHN Yy
iHkyOamiitai puakoHu 3 cepenopumeM Mak Jloyris. [HkyOamiro MpoBOIWIM B aHaepOOHUX
ymoBax npu Temmnepatypi 38 °C BnpomoBx 24 Toja. 3 AOAaBaHHAM JOCIHIHKYBaHUX PEUYOBHH.
Kontponem ciryryBanu 3pa3kd, y siKi He BHOCHIIU JOCIIKYBaHI PEUYOBHHHU. Y ITOCIIIKYBaHUX
3pa3Kax BM3HAYaJId Macy MIKpOOpraHi3MmiB pyOlLs, aMUIONITHYHY aKTHBHICTh MiKpOOPTaHi3MiB
PyOIIS Ta HETFOI030ITHYHY aKTUBHICTS.

Kynpym BminBae Ha pi3Hi CTOpOHHM OOMiHY peuoBHH 1 psix diziosoriyHuX (QYHKIIH y
TBapWH, 30KpeMa IMiJBHUILYE MOTOPUKY pYyOIs,i CHHTETHYHY AaKTHUBHICTH MIKpPOOpPraHi3MiB.
XpoM BiJlirpae peryJisTopHy poJib y Ipolecax periikanii i TpaHCKpHUILIT Y MIKpOOPTaHi3MiB.

B mocninax in vitro HaMu BCTaHOBIICHO, 110 JOJABaHHS KyIPYMY CIpYaHOKHCIIOTO y /1031
0,5 MM Ta xmopuny xpomy y mo3i 1,0 MM B iHKyOamiifHOMY cepeJOBHII 3 BMICTOM pyOIs Maio
OUTBIIT BUpaKEHUH CTUMYJTIOIOUNH BILTUB Ha Tporidepaltito MikpoOHUX KIIITHH Ta METabOIuHy
aKTHBHICTb, IIIO0 TIPU3BEJIO JI0 BipOTiTHOTO 301JIBIIIEHHS MiKpOOHOT MacH, 3pOCTaHHS aKTUBHOCTI
TiAPONITHIHUX (GEPMEHTIB MIKPOOPTaHi3MiB PyOIIs.
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RARE AND AZONAL PLANTS SPECIES IN THE CONDITIONS OF
TECHNOGENIC ECOSYSTEMS OF LVIV PRECARPATHIAN

Abstract. The analysis of rare and azonal plants at technogenic ecotopes of Boryslav,
Drohobych and Stebnyk was carried out. Their characteristics and features of growth conditions
on these sites are presented. The role of azonal plant species in the initial stages of primary
succession is shown. Such species are halophytes, in particular Salicornia europaea L.,
Triglochin maritimum L., Triglochin palustre L., Puccinella distans L., Sagina nodosa L.
(Fenzl), Salsola iberica Sennen et Pan, Tripolium vulgare L. The frequency of azonal species
occurrence within the technogenic ecotopes is described. Rare plant species from the
Orchidaceae family and groups, in which they sprout, are characterized. The importance of rare
species in the process of the primary succession is shown. The sozological status of rare plant
species based on the phytososological index is described. The role of spontaneous places of rare
plants a the destroyed lands as "corridors" for connection between "nuclei” of natural vegetation
in the formation of regional ecological network is indicated.

Keywords: technogenic ecotopes, biodiversity, successions, halophytes, rare plant
species, sozological significance, phytososological index, ecological network.

INTRODUCTION

The global consequence of anthropogenic activities is the reduction of the species richness
for the plant component of ecosystems, the diversity reducrion of plant communities, which
reduces vegetation sustainability, decreasing the primary biological productivity of the
biosphere, the potential use of plant resources of the Earth. In this regard, the main task of all
humanity is to restore and preserve one of the essential components of biodiversity — phyto-
diversity [18].

Within the boundaries of Lviv Carpathian region, the Drohobych-Boryslav Urban
Complex was created, which was formed by the cities of Drohobych, Boryslav and Stebnyk. Its
main feature is the development of the extractive industry.

Extraction of any type of minerals is accompanied by the formation of significant areas of
disturbed lands, which are withdrawn from economic use for decades. Thus, dumps of used
rock were created in Boryslav, due to the extraction of ozokerite and the development of oil
pits. The activity of the Stebnyk Potash Plant (SCE “Polymineral”) led to the formation of
dumps near the town of Drohobych and tailings (Stebnyk), which are characterized by a
significant level of salinity. No objects can be used for building, or other development, and
optimization of technogenic ecotopes occurs only by self-overgrowth.

Because of changes in soil and water regime, species composition of vegetation changes.
Therefore, one of the consequences of intensive anthropogenic influences is the formation of
azonal vegetation, which is attached to soils with significant salt content.

Sometimes such anthropogenic ecotopes are a reserve for rare plants, which rarely
undergo treadmill and tearing down in these conditions. Although, their participation in the
plant cover is not as significant as synanthropic species, but each rare species of plants has
certain requirements for optimal conditions of growth, so when the species are characterized, it
is important to pay attention to natural places of settlement. This will identify areas promising
for biodiversity conservation.
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MATERIALS AND METHODS

The objects of research were florencenotic complexes formed on the territory of ozokerite
dumps, dumps and tailing dumps of Stebnitsk potash plant. To study the vegetation, the route
method of field research was used. Field investigations of phytopathogenic technogenic
ecotopes were carried out using generally accepted geobotanical and floristic methods on
populational-species, floristic and phytocoenic levels [20]. The basis for the analysis was more
than 300 complete geobotanical descriptions, performed according to generally accepted
methods.

During the research, traditional geobotanical methods were used: detailed, routine, semi-
stationary and reconnaissance. Test sites were laid for descriptions in accordance with generally
accepted approaches - up to 100 m’. Given the fragmentation and dismemberment of many
groups, the area of some descriptions does not exceed 10 m”.

Identification of plant species was carried out using the key to plants (Dobrochayeva D.N.,
Kotov M.I, Prokudin Y.N., 1999). Latin names of species are given according to “Key to
higher plants of Ukraine” (Dorochayeva D.N., Kotov M.L., Prokudin Y.N., 1999), taking into
account the “A nomenclature checklist” (Mosyakin, Fedoronchuk, 1999) and “Angiosperm
Phylogeny Group” (2009) [9, 15, 1].

DISCUSSION

The cities of Drohobych, Boryslav and Stebnyk, which form the Drohobych-Boryslav
Urban Agglomeration, belong to the Drohobych-Stryy geobotanical region of the Sambir-
Ivano-Frankivsk geobotany district of oak forests. Natural vegetation forms forests here. They
are mainly oak. Lakes occupy only about 5% of the area. The swamps, with the exception of
small thickets of cane and horsetail, are absent [17].

The main massifs of oak forests are concentrated in the southwestern part of the district,
where they occupy flat areas of interbeds with turf-podzolic surface-gleyed soils, much less in
the northeastern part of the area, which is much-depleted [4].

The tree species in the vegetation cover of technogenic ecotopes of Boryslav, Drohobych
and Stebnika occupy an insignificant area and occur as components of groups. Their ecological
niche is occupied by plant species, which are the initial links of demotion processes in the
changed ecosystems.

According to S.P. Zhukov, demutation processes always begin with syncentic successions,
that is, the general tendency of successional changes is a digressive-demoturing [10, 11]. There
is a destruction of plant groups in some places, and sometimes there are processes of syngenetic
formation and restoration of vegetation - the formation of stable plant communities. Destruction
and even the complete destruction of natural vegetation is at the stage of creating an industrial
enterprise. Further successional processes take place in three stages: from the settlement of
pioneer vegetation to the formation of plant groups, similar to zonal vegetation [3].

Consequently, the initial stage of succession on the studied objects is represented by
pioneer species, which are also azonal at the same time.

The azonity of the plants groupings is determined by regional and local geological and
geomorphological factors: relief, macroscopic exposition, lithology of anthropogenic rocks, and
depth of occurrence and chemical composition of groundwater. "Alien" landscapes, different
from the general background of a certain geographical zone, are formed under the influence of
these factors [2].

The reason for significant participation of azonal species in the overgrowth of ozokerite
waste dumps, dumps and tailings of the Stebnyk potash plant is a significant level of substrate
salinity. Therefore, halophytic groups represent azonal vegetation within these technogenic
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ecosystems. The basis of such groups are the following species: Salicornia europaea,
Triglochin maritimum, Triglochin palustre, Puccinella distans, Sagina nodosa, Salsola iberica
and Tripolium vulgare. [6,7,12,19].

Each of these halophytes encounters a different frequency within the investigated
technogenic ecosystems of the Lviv Oblast (Figure 1). Salicornia europaea and Tripolium
vulgare are involved most often in the plant cover in these technogenic ecosystems. These two
species can form separate groups, or grow in one area. An interesting feature of them is that
they form monodominational groups. Projective coverage is negligible — 30-50%. Their
participation in the groups is 50-75%.

Triglochin maritimum (15-20%) forms a group with a total projective coating of 50-60%.
In addition to this species, Bolboschoenus maritimus (L.) (50%) and Triglochin palustre
(20-25%) are dominant in the group.

Puccinella distans (10-25%) is found in groups with Odontites vulgaris Moench (15%),
Lotus corniculatus L. (20%), Juncus effusus L. (5%) and Centaurium pulchellum Sw. (5%).
Projective coverage of the group is 60-70%.

The described groups are the initial stage of technogenic ecotopes overgrowth and are
characteristic of the first stage of primary succession. This stage passes through the type
positivity of model, that is, during the succession, an improvement in the existence conditions
for the following types of plants [2]. It is characterized by underdeveloped vegetation, low
species diversity, small biomass and productivity. As the succession develops, the number
increases.

100+
80-
60-
40+
20
0-
B A - Salicornia europaea B B - Triglochin maritimum
£ C - Triglochin palustre 1D - Puccinella distans
4 E - Sagina nodosa M F - Salsola iberica
B G - Tripolium vulgare

Fig.1 Frequency of azonal species occurrence at dumps and tailings

Interactions between organisms increase with the development of the succession range.
The number and role of symbiotic relations especially increases. The habitat is more fully
developed, trophic bundles are complicated, species biodiversity and projective coverage of
groups increases [5, 13].
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At the second succession stage, with the growth of species diversity, optimal conditions
are created for the growth of rare plants - representatives of the Orchidaceae family: Epipactis
palustris (L.) Crantz, Epipactis helleborine (L.) Crantz, Gymnadenia conopsea (L.) R. Br.,
Dactylorchiza sambucina (L.) Soo, Dactylorchiza fuchsii (Druce) Soo.

Projective coverage in groups, where the component is the species of the Orchidaceae
family is 50-70%, occasionally 100%.

According to the life strategy, the species found in the Orchidaceae family belong to both
the exploiters and the patients [14].

The strategy of the explorers is presented by Epipactis helleborine. Epipactis helleborine
is a co-dominant group of Equisetum telmateia Ehrh (20-25%) and Juncus effusus (10-15%).

Patients behave like Gymnadenia conopsea, Dactylorchiza sambucina and Dactylorchiza
fuchii.

Gymnadenia conopsea forms the group with Calamagrostis epigeios Roth (10-15%) and
Centaurea jacea L. (10-15%); Dactylorchiza sambucina forms a grouping together with
Dactylis glomerata L. — 25%, Trifolium pretense L. — 10-15%, Lotus corniculatus — 10%.

Dactylorchiza fuchii (Druce) participates in the formation of groups with a projective
grass covering of 50-60%. The group is located on the territory of the ozokerite dumps and is
attached to the middle part of the rocky slope. It is formed by the following species:
Calamagrostis epigeios, Carex distans L., Daucus carota L., Polygala vulgaris L. and Polygala
comosa Schkuhr, Crepis mollis (Jacq) Aschers.
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Fig.2 Frequency of Orchidaceae family species occurrence

Each of the Orchidaceae family species is found at a different frequency on the
investigated technogenic objects. A diagram (Figure 2) can represent the correlation of these
species.

After analyzing Fig. 2, it is seen that the most optimal conditions are for Epipactis
palustris. This species sprouts in groups with a projective coating of 70-100%. The main
dominant species in this group are Calamagrostis epigeios (50%), co-dominants are Stenactis
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annua (L.) Ness. (10%), Tussilago farfara L. (10%), Lotus corniculatus (15%) Achillea
millefolium L. (15%).

Rareness indicators of the particular species are its rarity categories according to the IUCN
Red List Categories [21] and the environmental categories defined in the Red Data Book of
Ukraine [8]. These figures are given in the table.

Y. Cherzhovsky proposed to use the so called indexes for the evaluation of rare species
[4]. Integral assessment of the species sozological status, taking into account the complex of
characteristics for its regional populations, reflects the outphytososological index (OPI). There
are five classes of phytososological indexes: 1 — (OPI 4,0-6,9); 2 — (OPI 7,0-8,9); 3 — (OPI 9,0-
10,9); 4 — (OPI 11,0-12,9); 5 — (OPI 13,0-15,2). The growth of the index value corresponds to
an increase in the sozological significance of the species, or indicates an increase in the threat to
a certain species in the region [3].

The studied species of the Orchidaceae family can be classified into two classes according
to the outphytososological index: Class 2 — (OPI 7.0-8.9) — Epipactis helleborine,
Dactylorchiza fuchsia, Dactylorchiza sambucina; Class 3 — (OPI 9.0-10.9) — Epipactis
palustris, Gymnadenia conopsea. Most attention is required to the species of Epipactis
palustris, which is listed in the Red Book of Ukraine and in the European Red List and at the
same time has the highest OPI class.

Table 1. Rare plants species of technogenic ecotopes at the Drohobych-Boryslav Urban
Complex and their sozological evaluation

Plant species IUCN RB OPI
1 2 3 4

Epipactis palustris (L.) Crantz, LR B 9,1
Epipactis helleborine (L.) Crantz, — H 7,7
Gymnadenia conopsea (L.) R. Br., — B 9,4
Dactylorchiza sambucina (L.) Soo, — B 8.8
Dactylorchiza fuchsii (Druce) Soo. VU H 7,9

Note: column 2: Criteria for the rare species of IUCN: EX (Extinct) — disappeared taxon; CR
(Critically-Endangered) — a taxon that is under critical threat of extinction; EN (Endangered) —
endangered taxon; VU (Vulnerable) — Vulnerable; LR (LowerRisk) — a low-risk taxon; Box 3:
Nature conservation status of the species in the Red Book of Ukraine: C — endangered; B —
vulnerable; P — rare; H — invaluable.

Assessing the sozological perspective of ecosystem changes on the territory of the
ozokerite dumps, waste dumps and tailings of the Stebnyk potash plant, it can be said about
sozological neutral changes in vegetation cover.

Sozologically neutral changes in the vegetation cover are changes occurring because of the
spontaneous development of phytosystems in anthropogenically transformed landscape and
biota, that is, anthropogenic evolution of the vegetation cover [16]. As a result of such changes,
vegetation groups, or vegetation species that are not originally specific to the region can be
formed, but which formation became possible due to the anthropogenic creation of new
ecotopes that were previously absent in the region. These changes, for the most part, are due to
the growth of regional phyto-diversity.
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CONCLUSIONS

After analyzing the groups formation on technogenic ecotopes of the Drohobych-Boryslav
Urban Complex with the participation of species from the Orchidaceae family and azonal
species, a certain generalization about the significance of anthropogenic influence for the
formation of the vegetation of the region can be made. Anthropogenic transformation of
ecotopes at the same time causes both depletion of the regional flora due to the changes in the
soil cover, water regime, and hence the loss of typical plants location, as well as the enrichment
of the regional flora due to the emergence of new species non-typical for a given locality.

In technogenic ecosystems, suitable enough settlements are found in a large number of
rare plants, many of which actively propagate, form populations under these conditions, thereby
increasing the species richness of the flora on technogenic ecotopes. On the other hand, such
spontaneous places of rare plants on disturbed lands can serve as "corridors" for communication
between the "nuclei” of natural vegetation in the formation of a regional ecological network.

In our study, these species are Epipactis palustris, Gymnadenia conopsea, Dactylorchiza
sambucina, Epipactis helleborine, Dactylorchiza fuchsii. They grow well in the conditions of
salt excess and waterlogging and are not exposed to those factors that caused their
extermination, caused the giving the status of protected species (drying of biotopes, plowing of
plants for use with a medicinal purpose, recreational loading, building up of territories).

In addition, groups of azonal plants are important for groups of technogenic ecotopes,
which are the basis for the initial stages of primary successions. They change the soil and
hydrological conditions of the affected areas, thus contribute to self-overgrowth, and
biodiversity increase.

Among the technogenic ecotopes of the Drohobych-Boryslav Urban Complex, such
species are Salicornia europaea, Triglochin maritimum, Triglochin palustre, Puccinella distans,
Sagina nodosa, Salsola iberica, Tripolium vulgare.
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AHOTAIIS

PIAKICHI TA A3OHAJIBHI BUJIHN POCJIMH B YMOBAX
TEXHOI'EHHUX EKOCUCTEM JIbBIBCBKOI'O ITPUKAPITATTA

B wmexax JleBiBchbkoro Ilpukapmarts cdopmyBaBes J[porobuipko-bopucnaBebkuit
ypOOTIPOMUCIIOBUH KOMIUIEKC, SKHH yTBOpeHWH Mictamu JIporobwd, bopucnaB i CteOHHK.
OcHOBHa HOT0 0COONMBICTH — PO3BUTOK BHA0OYBHOI ramy3i mpomuciioBocti. e mpusseno mo
YTBOPEHHS 3HAYHHX IUIOM] HOPYIICHUX 3eMeb, IKi BIITydeHI 3 TOCHOAaPCHKOTO BUKOPHCTAHHS
Ha JgecaTtku pokiB. Tak, B M. bopucnaBi BHaAcHigoK JOOYBaHHS O30KEPHUTY Ta PO3POOKH
HadTOBMX MIyp(iB BHHHUKIM BiIBadX BUKOpHUCTaHOI mopoxu. JlisuibHicTs CTEOHUIBKOTO
kamiiHoro 3aBoxy (JI'XIT “IlomimiHepan™) mnpu3Bena OO YTBOPEHHsS BiJBaliB moOnu3y
M. JIporo6ud i xBocTocxoBum] (M. CTCOHUK).

BHacijok 3MiHU IPYHTOBOI'O Ta BOJHOTO PEXHUMY 3MIHUBCS BUIOBUI CKJIAJ[ POCIUHHOIO
MOKPUBY NOCIHiKyBaHUX ekocucteM. ChopMmyBamucs acomianii a30HaaIbHOI POCIMHHOCTI, IO
HE XapakTepHa IS TPHPOJHUX EKOCHCTEM perioHy. TakoX IIi TEXHOTCHHI EKOTONH €
pe3epBaToM I PiAKICHUX pociuH. X04a, iX y4acTh B POCIMHHOMY MOKPHBI HE Taka 3HAadYHa,
ajyie KOXeH PigKICHUHA BUI POCIHH Ma€ MEBHI BUMOTHU 10 ONTUMAJIbHUX YMOB 3pPOCTAHHS, TOMY
pu H0T0 XapaKTEepUCTHIN BaXKJIMBO 3BEPTATH yBary Ha MPHUPOIHI MicId moceneHHs. Lle mactp
3MOTY BU3HAYaTH TEPUTOPIl, SIKi € TIEPCIIEKTUBHI [T 30epekeHHsT 610pi3HOMaHITTSI.

PyliHyBaHHSI ¥ HaBiTH OBHE 3HUIICHHS MPUPOTHOI POCIMHHOCTI B MEXaX TEXHOTCHHHX
exocucreM JlporoOuupsko-bopuciaBcbkoro ypOONpOMHUCIOBOTO KOMIUIGKCY TIPH3BEIO IO
BUHUKHCHHS CHHICHHTHUYHUX CyKieciii. CyKIeciiiHI MPOUecH MPOXOAATh Y TPH CTAIil: Bix
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MIOCEJICHHSI MIOHEPHOI POCIMHHOCTI A0 (OPMYBaHHS POCIHMHHUX YTPYNOBaHb, CXOXKHX i3
30HAJBHOIO POCITHUHHICTIO.

IlepBuHHa cranis cykmecii Ha JOCHKYBaHHX 00 €KTax IpEJCTaBICHA MIOHEPHUMH
BUJIAMH, SIKI OJTHOYACHO € a30HaJbHHUMH. OCHOBHOK MPHYUHOIO 3HAYHOI YYacTi y 3apOCTaHHi
a30HaJIbHUMHU BUJAMHU  BiJBaJliB  030KCPUTOBUAOOYTKY, BIiZIBaJiB Ta XBOCTOCXOBHII
CTeOHHUIPKOTO KalliHOTO 3aBOJly € 3HAYHUH PIBEHb 3aCOJCHHS cyOcTpaTy. Tomy, B Mekax IUX
TEXHOTCHHHX  CKOCHCTEM,  Aa30HaJIbHA  POCIHMHHICTH  IpEJACTaBIeHa  ramodiTHUMH
yrpynoBanHsMu. OCHOBOIO TakMX yrpymnoBaHb € Buau: Salicornia europaea L., Triglochin
maritimum L., Triglochin palustre L., Puccinella distans L., Sagina nodosa (L.) Fenz, Salsola
iberica Sennen et Pan, Tripolium vulgare L.

Ha npyriéi cragiii cyknecii, mpu 3pOCTaHHI BHIOBOTO Pi3HOMAHITTS, CTBOPIOIOTHCS
ONTHUMAJIFHI YMOBH ISl 3pOCTaHHS PigKICHUX POCIHH — NpeaCcTaBHUKIB poaunu Orchidaceae:
Epipactis palustris (L.) Crantz, Epipactis helleborine (L.) Crantz, Gymnadenia conopsea (L.)
R. Br., Dactylorchiza sambucina (L.) Soo, Dactylorchiza fuchsii (Druce) Soo.

[IpoekTHBHE TOKPHUTTSA B yrpyHOBaHHIX, J¢ KOMIIOHCHTOM BHUCTYIAIOTh BUIU POJMHH
Orchidaceae cranoButh 50-70%, 3pigka 100%.

3a JKUTTEBOIO CTpaTericro BusBicHI Bumu poauHu Orchidaceae Hamexath sIK 10
EKCIUICPCHTIB, TaK 1 J0 MATIEHTIB.

HocnimxyBani Buan poaunu  Orchidaceae 3a  ayT(hiTOCO30JIOTTYHMM 1HIEKCOM MOXKHA
BimHeCTH 10 NBOX KiaciB: 2 kmac — (ADI 7,0-8,9) — Epipactis helleborine, Dactylorchiza fuchsia,
Dactylorchiza sambucina; 3 xnac — (A®I 9,0-10,9) — Epipactis palustris, Gymnadenia conopsea.
Haiibimemroi yBaru notpedye Bun Epipactis palustris, sikwii 3aHeceHnii 10 YepBoHOT KHUTH Y KpaiHu
Ta 10 €BPONEHCHKOTO YEPBOHOTO CIIMCKY i OTHOYACHO Ma€ HaiBumuii kmac ADI.
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MODELING THE FOREST COVER TRANSFORMATION BASED ON
CARTOGRAPHIC SECTIONS FOR DIFFERENT PERIODS

Abstract. The research outlines the ways for further use of the mapping method in
retrospect and geographical studies for the nature and human transformation in the geosystems
of small rivers basins. The article contains an overview of the main theoretical and
methodological works devoted to this problems. The known cartometry research methods were
tested for the study of the forest area dynamics in the period from 1880 to the present time. A
geoinformation model of the forest cover dynamics was created, which reflects the change in
the area of forest areas during the 130-year period. The methods of remote sensing of the Earth,
which provided the geoinformation model with information about the current state of the forest
cover, were actively engaged. The research results are presented in a number of cartographic
models. In particular, schematic maps of forest cover for four periods, as well as for changes in
these indicators over the period were developed and analyzed according to calculations.

Keywords: geoinformation model, cartographic research method, basin system, forest
cover, forest area, transformation processes.

INTRODUCTION

For the long history of the environment conversion, the structure of natural landscapes has
undergone significant changes. It led to the formation of natural-economic systems, which
significantly reduced the self-regulation ability, and to the emergence of complex ecological
and geographical problems. The wooded area is an important ecological condition indicator, as
forests play an important role in the ecological stability due to their water conservation, safety,
hygiene and health functions. An important feature of forests is the ability to self-regeneration
and self-regulation. Therefore, the study of their state, quantity, and forecasting the dynamics of
changes is extremely relevant to the present day.

Forest cover is mainly analyzed within the administrative units or forestry, where the
information on the status and availability of forested areas is collected. However, such an
approach does not take into account the systemic principle and does not reflect the real picture
for the influence of forests on the state of other geosphere components. The most informative is
to assess forest cover within the separate basins of small rivers. Small river is closely related to
landscape and reflects negative processes occurring in the watershed much faster, as they act as
natural drainage for the agricultural land, are the most vulnerable in case of neglecting
environmental requirements and react to changes in the areas in the fastest way.

The study of woodland should begin with a retrospective investigation of the
anthropogenic transformation of forest cover based on mapping models for various periods.
This method will provide more substantiated approach to a system of measures optimizing the
natural resources, and prospects for development of the studied area.

Previous studies (level of scrutiny). The analysis of the territorial complexes transformation
is widely discussed by many scientific schools. In particular, there are significant gains in landscape
ecology, geoecology, environmental monitoring, landscape geochemistry and geophysics, applied
physical geography, urban ecology, hydroecology and environmental river morphology. Theoretical
and methodological basis for the research of transformation processes is given in the works of A.D.
Armand, O.P. Havrylenko, S.A. Grodzinsky, M.D. Grekov, E.A. Klementova, I.P. Kovalchuk, I.B.
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Koynova, F.N. Milkyy, A.G. Potapova, A.M. Tretyak, P.H. Shyshchenko. Transformation processes
in land use were studied by B.M. Danylyshyn, M.A. Hvesyk, I.P. Kovalchuk, T.O. Yesiukov, Ye.A.
Ivanov, M.A. Petrovska, P. Verburg, A. Valz, D. Lisio, P. Ksorba [2; 3; 5; 6; 7; 12; 13; 14; 19; 24].
Transformation forest area were studied by Hart C., Hecht S., Kandel S., Gomes I., Cuellar N,
Pommerening, A., Edwards E., Hale S., Ireland, D., Osvaldo A., Gustavo J., Redo D., Bass J.,
Kivinen S, Berg A., MoenJ. [16, 17, 18, 20, 21, 22, 23]

The most common modeling method for a geographer is the representation of the studied
phenomenon on the map and conducting further studies using this model [1]. Basics of
cartographic research method were developed by Professor K. Salischev [10], improved and
developed by Professor O. Berlyant [1]. The research of R. Sossa were dedicated to the
historical maps as a source of information about the territory of Ukraine [11]. Recent advances
in thematic mapping make this method quite promising. However, as a significant attention has
been paid to the filling of maps with information, rather than to the receipt of new data on their
basis. There is no doubt that the fastest filling of this gape is extremely relevant and requires the
development of appropriate methods for map analysis. The analysis includes maps for obtaining
qualitative information and quantitative characteristics for phenomena and processes, the study
of relationships and interdependencies in ecosystems, their dynamics and evolution, setting
trends and forecasting future states of geosystems [11].

MATERIALS AND METHODS

To assess transformation processes for the forest cover, topographic maps from the years
1880, 1922, 1945 and QuickBird satellite images from the year 2009 were used. The maps of
the same scale, projection and coordinate system were best matched [1]. However, the maps
constructed at significant intervals of time, each of which has its own corresponding time
of creation, a way of representing the earth's surface, are used most often for determining
transformational changes. Therefore, it is often necessary to analyze maps with different
conditional symbols. It complicates the process for comparing time-consuming material
and cartographic material itself, since maps were created on paper, which eventually
undergone deformations (under the influence of environmental factors). Therefore an
important condition for a correct analysis of transformational changes is the reliable
binding of maps to the coordinate system and among themselves. Technically, this
procedure is performed by Georeferencing module in the ArcGIS 9.0 software [15].

The product in this analysis is, typically, a map for the dynamics (changes) of the
studied geographic object. However, the application of GIS technology usually gives some
intermediate image and the so-called transitions table (matrix), where all the differences
between the compared images are fixed [4].

Transformation processes in the forest cover were studied in the basin system of Berezhnytsya
River at sub-basin thalweg network of different level. Berezhnytsya River is a tributary of the
Dniester River, small river of Precarpathians, which flows out of Dolyna district, Ivano-Frankivsk
region and flows through the territory of Zhydachiv and Stryi districts, Lviv region.

DISCUSSION

The development of the vegetation of the basin is associated with the process of formation
of the forest zone of Europe, which begins at the early Pliocene, when this area freed from the
sea. A significant imprint on the development of vegetation was quaternary glaciation. After the
glacier, there were new conditions that contributed to the development of broad-leaved forests
and meadow vegetation. Carpathian region had covered with forest vegetation, mostly oak and
hornbeam forests. Great changes in natural vegetation made man. It destroyed the forest and
herbaceous vegetation, and their place had occupied by cultivated plants.
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Figure 1. Change of forest area of the basin
system of the Berezhnytsia River from 1880 to
1914 (in the context of sub-basins)
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Currently, in the basin, forests occupy higher spaces, small areas that are not suitable for
cultivation may occur meadow vegetation. Forests located in the Berezhnytsia river basin are
mostly broad-leaved, less commonly mixed coniferous forests. Typical forest vegetation here is
oak-hornbeam forests with an admixture of birch and alder and fir-spruce rocks. Often found
largeleaf linden and littleleaf linden, norway spruce and rowan. The main forest species are
durmast oak, european beech, european hornbeam, maple, elm, sycamore maple, linden, birch,
aspen, spruce, sweet cherry, european crab apple, european pear

The simulation results for the forest cover transformation showed that the smallest
changes occurred in the studied basin for the first period of study (1880-1914, 34 years) (Figure
1). In particular, the change of forest cover in the lower part of the basin was due to the
involvement of wetlands in the agricultural cultivation, which contributed to the expansion of
the ameliorative network in the area. The forest cover increased near the homestead Pyla and
the village Hanivtsi. It decreased in the subsequent periods.

Significant changes occurred within the second period of study (1914-1945, 31 years)
(Figure 1). The sharpest changes were detected in the upper part of the basin, where there were
active forests cutting. Thus, the forestland was transferred to the category of arable land near
the homestead Smolianyy, the similar processes were detected around the village Dashava,
where the growing of village and its industrial development led to a decrease in forest area. The
increase of agricultural land due to reducing the forestland area was observed in the lower part
of the basin (except margins of the village Berezhnytsya and Zabolotivtsi, where the process
was stopped due to the waterlogging, thus the forestland area increased in this territory).

In the third period of study (1945-2009, 64 years) (Figure 1b), significant changes in the
forest cover occurred mainly in sub-basins of 1-2 levels. Significant deforestation for industrial
purposes occurred in the upstream. Reducing forest cover in this part of the basin resulted in the
creation of three suburban settlements (in Dolishne village council). Along with the decrease in
forest cover, inverse processes were observed within the Berezhnytsya River basin, which were
equally typical throughout the studied area. This is due to the activation of succession processes
on abandoned farmland. The basin succession processes occured for various reasons and were
sometimes opposite. Thus, the areas near the settlements were overgrown with woody
vegetation due to the reduction of the farms and small villages role in the economic
development of the region and, consequently, the workforce outflow from the territory. In
particular, such processes were most actively developing near the homestead Smolianyy. The
increase in forest cover occurs near most settlements due to the overgrowing of abandoned
unproductive agricultural land, as the intensity of arable land use increased. The same processes
occurred because of the decrease in cattle population, which was observed in all settlements of
this region and significantly increased the part of untreated lands.

Among herbaceous formations on the plains, dominant place belongs to meadows (11% of
Berezhnytsya River basin), the most common among which are after-forest dry-valley
meadows. In terms of specific areas, a steppe vegetation survived (as meadows turned into
steppe). The lowest redeployed areas of river floodplains are covered with marshy wet and peat
meadows (1.5% of the studied area). The following plants grow in the Berezhnytsya floodplain:
fescue grass, bluegrass, foxtail grass, arctic brome, timothy-grass, June grass, sow-thistle, marsh
bedstraw, oxeye daisy, Ragged-Robin. On the highly located ground, fragrant herbs, honey
grass, sedges (plain, yellow, white), oxeye daisy, polygala crested, plantain lanceolate are
occurred. The swampy meadows are rich in such cereals as the common ocher, the floating and
large sweat-grass, bullrush, horsetails (river and marsh), sedge (yellow, pollen and others) and
small grains (honey grass, prayer coastal), common cottongrass, common rush. Moss peat
meadows are also known, where moss cover of sphagnum mosses dominates. The diversity of
cultural vegetation is determined by diversified agricultural production [8, 9].
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CONCLUSIONS

Analysis of models for forest cover changes in the Berezhnytsya River basin for nearly
130-year period shows that most of the forest cover changed. Only those basins remained
unchanged, which structure did not include forests, or those parts of forestlands located at
considerable distances from settlements. Over the years, the forest was cut for different
purposes: commerce, to create new settlements (homestead Smolianyy and suburban
settlements within Dolishne village council), to expand farmland. In addition, the reversible
processes took place, which lead to post-anthropogenic succession, and the abandoned lands
were overgrown with woody vegetation.
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AHOTANIA

MOJEJIOBAHHS TPAHC®OPMAIIIL JTICOBOI'O TIOKPUBY HA
OCHOBI PI3HOYACOBHUX KAPTOT'PA®IYHUX 3PI3IB

VY cTarTi OKpecieHO LUIAXM BHKOPUCTAHHS KapTOrpad)iyHOrO METOAY Yy ICTOPUKO-
reorpaiuHUX JOCHI/PKCHHSX NPHUPOJOKOPHCTYBAHHS Ta AaHTPOIOTCHHOTO II€PETBOPEHHS
0aceiiHOBUX TreoCHCTEM pIid4OK. 3adisHO BIJIOMiI METOAM KapTOrpaiuHUX JOCHIIKEHb JUIs
BUBYCHHS JMHAMIKN JICOBKpUTHX Iutonl 3a repiox 3 1880 poky mo cywacHocti. PesynbraTu
MIPOBENIEHUX JOCIiDKEHb BigoOpakeHi HAa HU3MI Kaprtorpadiunux moxeneit. B pesymbrati
reingopMaIifHoro MoJIeIIOBaHHs, MOOYIOBAHO 1 MPOAHATI30BAHO KAPTOCXEMH JIICUCTOCTI HA
YOTHPH YaCOBi MePioJin, a TAKOXK JUHAMIKA X 3HAYCHD 32 JOCIiHKYBaHI IPOMIXKKH.

IMepmmii o6mikoBwii mepionm TpuBaB 34 poku (1880-1914pp) i xapakrepusyBaBcs
HalMEHIIMMH 3MiHaAMU JIICUCTOCTI TepuTopii Oaceiiny. HuxHs gacTuHa OaceliHy 3a3Haja 3MiH
BHACTIIOK 3alydeHHS JIO0 CLIbCHKOTOCIIOAAPCHKOTO OOpOOITKY 3a00JOUYEHHX 3eMeNb, YOMY
CHpUsUIO 30UIBIICHHS MEJTIOpOBaHMX TEepUTOpi Ha naHid Tepuropii. Crocrepiraerses
TUMYacoBe 30UIBIICHHS JICOBMX MAacHBiB JoBKoja xyropa [luma ta cena [aniBmi., sike
3MEHIIMJIOCH B HACTYIIHI EPiOIH.

Jpyruii obnikoBuit nepiox (1914-1945pp) OyB mpuOMM3HO Takoi X TPHUBAIOCTI 5K 1
HONIepeIHIM, ajie CYTTEBO BiApi3HABCSA KUIBKICTIO 3MiH. Halirocrpime BOHM Biguynucs y
BEpXHil yacTUHI OaceliHy, /e aKTMBHO IMPOBOJMJIACH BUpPYOKa iicoBux MacuBiB. [loOmusy
xyropa CMOJISHHH JIICOBI YTiJas TEpEeWlnuIM B KaTETOPir0 OOpOOIIOBAaHMX 3eMeENb, TMOIi0Ha
cuTyaris BigOyBanacs i B okonuax cMT Jamasa. [eli mpomec OyB CymyTHi# 10 pocTy cenuina
Ta HOro TPOMHUCIOBOCTI 1 TPU3BOAMB JIO 3MEHIIEHHS TUIONI JIiciB. 3O0UThIICHHS
CITbCHKOTOCTIONAPCHKUX YTi/b IIJISIXOM 3MEHIIEHHS TUIONI JIICOBUX YTilh CIIOCTEPITa€ThCS i B
HUKHIH dYacTHHI JOCHITKyBaHOTO OaceiftHy. BuHsaTkOM € oxomumi c. bepexnuns Tta
3a000TIBLIB, /I¢ LEH MpOIeC CYNPOBOKYETHCS 3a00JI0UCHHSIM TEPUTOPIi, 1 SIK HACIIIOK Ha
it TepuTOpii 301IBIIYETHCS KiJIBKICTh JIICOBUX YTifb.

Benuki 3MiHM B J1icOBOMY NTOKPHBI BigOyJIKcs , B OCHOBHOMY, B TijgdaceiiHax 1-2 mopsakiB
HPOTSrOM TpeThoro obikosoro nepiony(1945-2009 pp, 64 poxu). 3Ha4HI IPOMKCIOBI BUPYOKH
JICiB 3AIHCHIOBAJINCS Y BEPXHIH Tedl. 3MEHIIEHHIO JIICUCTOCTI B/IaHii 4acTHHI OaceiHy cripusiio
CTBOPEHHS TPbOX JayHMX TNoceneHb. OnHak B Leil mepiox B Oaceiini piukum bepexHuns
CITOCTEPITaroThCs 3BOPOTHI MPOIIECH, PIBHOMIPHO TIOITUPEHI 10 BCii TOCIIIKYBaHIi TEPUTOPIi.
[lpomMy crpusna akTHBi3allis CYKIIECIHHHUX IMPOIECiB Ha CiIbCHKOTOCTIONAPCHKUX YTiANAX, K1
BTpPaTWJIA CBOE CLIBCHKOTOCIIONAPChKE MpU3HAUeHHS. B mocimimkyBaHoMy OaceifHi cykieciitHi
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MpOLIECH BHHUKAIOTH 3 PI3HUX NPUYUH Ta 1HKOJM MAlOTh MPOTHICKHUN Xapakrep. 30Kpema,
TepuTopii mMoOIM3y XYTOpPIiB Ta HEBEIMKUX CLIT 3apOCIH JIEPEBHOIO POCIHMHHICTIO 3a PaxyHOK
3MEHIICHHS POJli B €EKOHOMIYHOMY PO3BUTKY PETiOHY Ta, SIK HACJiJIOK, BIITOKY 3 HUX poOouoi
cuy.. HalfaktuBHime Ttaki mponecu crocrtepiranuchk nodmusy X. Cmounsauid. [linBuineHHs
JicucTocTi GopMyeThes MOOAM3Y 0araThbOX HAacENEHHMX IYHKTIB Yepe3 3apOCTaHHS HMOKMHYTHX
MaJIOTIPOYKTUBHUX 3€MENb  CLIBCHKOTOCIIONAPChKOrO NpHU3HA4YeHHS. Taki JX MpouecH
BiIOYJIUCh BHACJIIOK 3MEHIIEHHS IOTOJIB’ sl BEJIMKOI POTraToi XyJ00u, sIKe CIOCTEPIraeThCs B
yCiX HACEICHUX IMyHKTaX MAaHOTO PErioHy, 10 3HAYHO 30UIBIIMIO YaCcTKy HEOOPOOIOBaHUX
3eMellb.

CtBOpeHa MOJIeIh 3MiHH JIICHCTOCTI 0aceiHOBOI cUCTeMH p.BepeHUIIS POTATOM Maiike
130-tu piuHOTO TIEpioqy BKasaja, MmO OibIIa YacTUHA JIICOBUX MACHBIB Oyia 3MiHEHa.
[Toxa3HUKM JICHUCTOCTI HE3MiHHI TiNBKK B OaceiHaX, y CTPYKTypi Skux He Oyio iicy, abo Ta
YacTHHA JICOBOTO MOKPHUBY, SIKa PO3TANIOBAaHA HA 3HAYHMX BiJCTaHIX BiJ HACETCHHUX ITyHKTIB.
Bupy6Oxka Jnicy mpoTATOM HIBOTO TepioAy BigOyBasiacs 3 Pi3HOIO METOIO: MPOMHECIOBOIO, LI
CTBOPEHHSI HOBHX IIOCEJIEHb, JUIsl 30UIBIICHHS IUIOL] CUILCHKOTOCIIOAAPCHKUX YTrifb. Takox B
OaceiiHi cHOCTepiraloThCsi 1 3BOPOTHI NPOLECH BHACHIZOK SKHMX DPO3BHHYBCS psil
MOCTAHTPOIIOTCHHUX CYKIIECIH 1 MOKMHYTI 3eMJIi 3apOCTaNN IEPEBHOIO POCIMHHICTIO.
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SYMBOLISM OF BIBLICAL PLANTS USED IN GARDEN ART
,, For the Lord, Thy God, has introduced you to the land of the beautiful, earth full in the
streams, springs and streams that spurt in the valley and on top to land wheat, barley, vines,
fig and pomegranate trees to the land of olives, olives and honey”
(Pwt 8,7-8)

Abstract. Research into the scriptures and later church literature, painting, sculpture,
architecture, and archaeological discoveries have allowed to extract the species of plants called
Biblical. These plants were used to create the monastic gardens which consisted of close, a
square courtyard inside the buildings of the church and the monastery. It was a garden closed to
the outside world, served to pray and contemplate the monks. In wirydarz planted plants, whose
symbolism led the thought toward God. In addition to the ornamental function, the plants were
curative and were an element which emphasized the sphere of the sacrum and alluded to a
yearning for a paradise. Examples of such assumptions are the Biblical gardens, which are
found around the world, including in Poland. One such garden is the Biblical garden in
Myczkowce. The article lists just a few of the extensive list of plants with the biblical
symbolism. As studies have shown, it is worth remembering that both past and modern
ornamental qualities are not the only reason why such plants and not other crops apply.

Key words: Biblical plants, Myczkowce, Daktylowiec, Wawrzyn szlachetny, laur, Mirt
zwyczajny, Dyptam jesionolistny, Dictamnus albus, Myrtus communi, Phoenix dactylifera,
Laurus nobilis, Ficus carica, Moses bush, Burning shrub, wirydarzconvent gardens,
Herbularius, hortus medicus.

INTRODUCTION

Archaeological discoveries, literary applications, paintings and engravings allow to extract
the plant species used in ancient gardens. Because of the Christian tradition, a large number of
plants have been attributed a symbolic meaning, which today is used in many ways. In addition
to decorative ornaments in the building, motif in painting and literature, symbolic plants for
Christianity are present in garden art. Many of the species of plants mentioned in the Bible have
not survived the test of time, but some of them can be found in the gardens today. On the first
mention of biblical plants we are already in the first books of the Old Testament. These plants
may appear under different names, sometimes they are colloquial names that have changed with
time. Contemporary Biblical vegetation researchers in the work on identifying these plants were
based on original texts in Hebrew, Greek and Aramaic. [16] The current list of biblical plants
includes only 203 taxa considered by all biblical plant researchers. The following article is
intended to analyse the garden's assumptions, in which the old and modern plants with symbolic
significance for Christianity are used today. [18]

METHODOLOGY

The article uses available literature in the form of books, periodicals, articles,
observations in the field, photographs of own authorship, Web pages and analysis and inventory
of modern and old garden assumptions.
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TEST RESULTS

In Christianity, plants have always played a great role. With the symbolic significance of
the plants we meet in the Bible, legends, old applications and mythology. Plant motifs are also
present in the urban architecture. The buildings are often decorated with plant ornaments. In
addition, archaeological findings, mosaics, cultural and horticultural monuments give proof
that, since the earliest times, the plants have had not only a consumer or ornamental character,
but also symbolic. They touches every realm of Christian culture. The art of garden was rich in
references to the mystical and spiritual sphere. The modern symbolic significance of plants is
used in the reconstruction of ancient historic gardens, in the creation of monastic gardens,
biblical and thematic gardens. Studies and analyses have shown similarity in the use of plants
mentioned in the Bible in garden assumptions.

In the Middle Ages the church's significance grew, and monasteries were played as places
where philosophy, science and art were promoted according to Bible Records. According to the
assumptions of medieval art the garden was subordinate to religion. It was full of symbols in it,
reflecting the rapture that the man felt towards the world which God created. One of them was
precisely chosen vegetation. Not without reason in the records of the medieval gardens we
come to recurring motifs in the creation of gardens, and plant species. 4]

One of the characteristic elements of the monastic gardens was close. It was located in the
assembly of the church and monastery. Square or rectangular was surrounded by arcades. M.
Kranz writes that Close was a peculiar, Hortus Conclusus, a garden closed to the outside world
and its temptations, but open to God and his will. ” Inside the central location was a well as a
symbol of life, sculpture or tree-referring to the "Tree of Life" in the center of the Paradise
Garden. Through the cyclic measlesd. The solution and dying was a symbol of a new life. The
tree of its Christian symbolism also binds with the cross on which Jesus died. Close is divided
into four apartments planted with flowering plants, shrubs or herbs. In addition to the
ornamental function, plants had a therapeutic function and were That emphasized the sphere
of Sacrum And he alluded to a yearning for a paradise. Close intended for recreation, was a sign
of paradise, to which, as was thought, leads the way of contemplation. Some of the plants
alluded to the symbolism of Marian, a tribute to the symbolism of Jesus, and Biblical events. [9]
Red roses (Rosa) was identified with martyrdom, innocence and purity of faith with white lily,
in turn Violet odorata (Vlola odorata) He was a symbol of fidelity, loving perseverance and
great humility. Passion Flower (Passiflora) been Instrument of Christ's passion. Five anther-
Five wounds, nevus of the pillar-three nails, laces-crowns¢ Thorns. Symbolically Rose Also
Refers to the martyrdom of Jesus Christ. The red colour signifies blood, five okwiatu-five
wounds of Christ, and thorns of the crown. In addition, the rose is the symbol of Mary, which is
called the Rose of Zion, the spiritual rose. The rose blooms among the thorns It alludes to Mary
immaculately conceived among sinners. It is also a sign of the passing of temporal things and
the love of Our Lady to God and people. The Symbol of the Rose was initiated by the Christian
Rosary, and Giving the Golden rose to the pope is one way of expressing homage and
appreciation. [3] The rose flower is very often attributed to the holy benefactors who, according
to the applications, gave gifts against The prohibitions and these turned in roses. In medieval
Greece she was a symbol of Aphrodite-the goddess of love, and in Rome the feast was
celebrated in honor of the dead, and the tombs were decorated with roses. [17] It is mentioned
in the Book of Wisdom (2.8). There was a custom donning wreaths by revelers in which there
were roses among others. Syrah In the Book of Wisdom he mentions the Rose bush as a plant of
wisdom, I grew up like a palm tree in Engaddi, like rose bushes In Jerychu, like a wonderful
olive on the plain, I grew up like Platan" (Syr 24.14) [15]. Today's Rose is A well-known plant
At Wide colour scale and applications. The fruits used in medicinal contain a lot of essential
oils, organic acids, sugars and pectin. Have action diuretic and spasmolithics. The fruit is also
used to produce, among other things, jams, oils and syrups in culinary art. [9, 13]
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The inherent element of the monastery Wirydarz was Buxus sempervirens. It was created
from the perimeter of garden accommodation. He was highly valued in ancient Egypt. In Persia
it was believed that surrounded by a ribbon twig boxwood, attacheding over the entrance to the
house protected the inhabitants from the spells and diseases. According to the applications of
Boxwood was made titulus, nailed to the cross of Jesus. In ancient times, it was considered a
plant that could cause miracles, and was a symbol of fidelity and eternity. In the Bible,
Boxwood is mentioned in the Book of Isaiah (that 60.13). [2, 11] "In the Desert I plant Cedars,
acaciass, and olives; I spread in the wilderness of Cypresses, Elm and boxwood next to each
other "(is 41, 19). "The Pride of Lebanon will come to you: Together cypresses, Elm and
boxwood, to beautify my holy place. and wstawia the place where my feet stand "(Iz 60, 13). In
Poland it has been cultivated since medieval times. Used as an ornamental plant, for discounts,
fringes, hedges, topiary. It is also used for the production of honey in culinary art and also has
healing properties. Furniture products are produced from wood. [1.8] Boxwood is an evergreen
shrub or tree 3-5 m. Leathery leaves, single, shiny and dark green. Zielonkawozétte flowers.
The fruit is a hard, brown handbag. [10] It is found in North Africa, Central Europe and Asia
Minor. Next to Boxwood, the garden accommodation Wirydarza filled with ivy (Hedera Helix).
Due to durable in winter, it refers to the fidelity and permanence of life. In Christianity, in the
period of Christmas ivy decorated houses and churches. Because of the evergreen leaves, it
represented a symbol of immortality and a soul that never dies. Ivy been with a feeling of
timeless love, friendship, attachment and caring. The monastic gardens, on the model of the
ancient gardens of perystylowych, often adorned topiarami, which are cut forms of plants, and
small trees characteristic of the time in which Jesus lived. [4] One such plant is a noble laurel
(Phoenix Dactylifera) colloquially called Laure. We have already stumbled upon the mention of
Wawrzynie in the oldest applications. In ancient times Laurel was treated as a divine Apollo
tree, which is why the wreaths of the winners were always adorned with laurel twigs. Soldiers
returning from the field of battle carried twigs laurel as a symbol of penance and purification
from being shed on the Battle of Blood. [7] In one of the works Ovid preached: "You will
always decorate, o laurel tree, my hair, lira, my bow. You will receive a gift from the chieftains
of the Lazio, where the Capitol will be among the voices of triumph. " The leaves provide the
buildings from lightning and the household against diseases. Bay Wreaths also received
scholars as a scientific symbol. In the New Testament, Laurel was seen as a sign of victory over
sin. There was no conclusive or laurel in the Bible because of problems with language
translation. It was probably presented in the description of the mountain caramel, where it is
commonly found. In Greek mythology and Roman laurel is a plant meaning wisdom and glory,
in the Christian tradition and the Resurrection of Christ. [15] Laurel naturally occurs in the
countries of the Mediterranean region: North Africa, southern Europe, Part of West Asia
including Israel, Lebanon, Turkey, Syria. It is an evergreen shrub, or a small tree height to
10m. The elliptical leaves, leathery, after a fragrant scent, the yellow flowers appear from
March to April. The fruit is bitter in taste dark berry with a content of as much as 39% of the
oil. Cultivated in ancient Greece and Rome, Laurel is treated as an ornamental plant and hedges.
In Poland, because of its harsh winters, it is a potted plant that should be placed in a room for
the cooler period. It is also used in medicinal and cosmetics. [2] leaves and fruits form the raw
herbalist. In larger quantities the leaves are toxic, contain 30% oily oils, starches, sugars. The
rich substances of flavonoids, which act against MRSA, are also used for blood disorders,
treatment of coughs, treatment of rheumatic diseases and skin. With the leaves producing
essential oils and medicinal tinctures, bathing in water containing a laurel decoction helps
alleviate pain in limbs and dangerous animal bites. The world-wide laurel also applies to the
kitchen as a spice. In addition, they deter pests in food cupboards. Also used in perfumery. [5]

Another element of the monastic foundation was Herbularius Hortus Medicus. It was a
dedicated area of the garden where herbs and medicinal plants were grown. Mention of plants
with healing effects are found in the Bible. One such plant is sage (salvia), Ruta (ruta), mint
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(Mentha), fennel (Anethum), chamomile (Anthemis). [4] The Ruta was a symbol of chastity and
virginity. An interesting fact is that in England the Ruta symbolizes lost virginity, in Lithuania
the bride Bears before the wedding wreath of the routes which symbolizes its purity. In
antiquity it was used medicinally by antispasmodic and diuretic effects. In Luke's Gospel
(11.42) It was mentioned that the Jews had the supply of routes and fennel to pay the temple
tax. It was believed that Ruta and Koper possess the magical power of strippinging evil and
sorcery. Ruddy is described in the Bible as a symbol of a short and ephemeral human life on
earth. Today used both as an ornamental plant and as a medicinal product for cosmetics,
perfumes and pharmaceuticals. Once used as a herb and spice, Clary Sage was associated with
Maryjnymi devotions, it healing and mercy. In turn, Rosemary was regarded as a symbol of
love, fidelity and death. [3]

Nowadays, the symbolism of plants, thanks to preserved literature and knowledge, allows
reconstruction of old garden assumptions. A good example is the reconstruction of the Garden
of Cordoba, showing the use of plants known from biblical cards and later monastic gardens.
The garden was created as a model of the former, known only from the literary transmissions of
Byzantine garden art. The garden uses ornamental trees such as poplars, Cedars, cypresses,
oaks, maples, olives. From the bushes meet we can roses, wawrzyny, of, Bukszpany. From fruit
trees granatowce, apple, figs, apricots, migdalowce. Each of these plants has its symbolic
significant pertaining to biblical events and the lives of the then people. Today, in establishing
gardens at the monasteries, there is a great emphasis on restoring the old state. In Kalwaria,
Pactawska was developed the Wirydarz concept project, which includes the development of
space in the pattern of ancient, medieval church courtyards. The project includes the use of the
biblical symbolism of plants including: Boxwood Evergreen, Common ivy, red rose, Laurel
Noble. Lublin Pobrygidkowski Monastery sustains the former courtyard, which has remained
unchanged or slightly altered since the 15th century. The same is true of the close in the band
cathedral in Pomeranian Stone. The houses filled with vegetation reflect the medieval
foundations of the monastic gardens. Among the plants we meet here, among others Zywotniki,
barbed holly and oak. [12] Another noteworthy form of the use of symbolic vegetation is the
Biblical gardens. Present in North America, Europe (in Germany there are as many as 100),
Asia, Austria. There are four in Poland. They are founded by churches, monasteries, and as
demonstration gardens. In the gardens of these plants are planted with the Christian symbolism,
the plants mentioned in the scriptures. They are aimed at bringing together the events described
in the Bible, and showing the Holy Land on which Jesus Christ lived. The largest is the Biblical
landscape reserve in Neot Kedumim in Israel. The selection of plants in such gardens is carried
out on the basis of their symbolism and presence on the Bible cards. We should not confuse
modern Biblical gardens with attempts to reconstruct the gardens mentioned in the Bible like
the Garden of Solomon, or "Rajskimi gardens" of ancient Persia. Each biblical garden is
different due to its different geographical location, climatic conditions, availability and features,
and designers ' creativity. Gardens of this type are a place of research on the flora, tourist
attraction, and also influence the popularization of the Bible and human consciousness.
Nowadays, the use of plants with a unique meaning and charm has become very popular. Plants
are very keen to plant, which, apart from the visual qualities, have an additional application or
especially relevant to the faith, style or epoch. One of the most interesting biblical gardens in
Poland is located on Foothills Przemysl, and more specifically in Myczkowce. A 80-acre
garden was founded in 2010 year. The project was developed by Dr. Ing. Zofia. It contains over
110 symbolic plants, separated stops, among others: Menora, Jacob's Well, the passage through
the Red Sea,the Temple of Solomon. Each stop tells the passage of Bible history with quotes
along with the symbolic significance of plants. [18]

At the first stop in the biblical Myczkowce Garden, the Book of the Bible "we can meet a
very symbolic plant, namely the date competent Phoenix dactylifera. Popularly known as the
palm tree, cultivated in many countries of the world. Large tree height up to 25 m. Leaves up to
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3m long. A single leaf is made up of long leaves, which can reach up to 150. The fruit is a red-
brown drupes called Dactyl. In countries with warm climates, dactyl palms are grown as garden
plants, in Polish treated as a potted plant that requires a transfer to the room for winter. The
culinary art uses DAKTYLOWCA fruits which are very sweet and nutritious. More than 50%
of their composition is sugars and vitamins. [5] distilled fruits are also used for the production
of palm wine. The fruits are rich in antioxidants and exhibit anti-mutagenic properties. The pits
have been used in as, they produce jewelry from them, while with a sediment of leaf brushes.
The wood obtained from the extensive DAKTYLOWCA stem is used as a building material and
for firewood. [3] Date was cultivated by the oldest people of the ancient Middle East including
by Assyrians. During the 40-year-old wandering the desert by the Jewish people was known
and cultivated for the mating of shelters, it is now still used in this way. In 1965, archaeologists
found the seeds of DDAKTYLOWCA before 2000 years in claims Masada in Israel. One of the
seeds of germinate. [6] In the Bible, the word date was listed 26 times as the name of the plant,
the name of the village and the name of the woman. The Book of the True Truth states that God
led his people to land wheat and barley, vines, fig trees, pomegranate trees, olives and date
palms (Deuteronomy 8.8). Also mentioned in the Bible the word honey signifies the sweetness
of dates syrup. For the Jewish people, date was a symbol of justice and victory. [6] In the New
Testament, during Jesus entry into Jerusalem, the population was just dactyl leaves. During the
feast of the Sukkot of the leaves of this tree are arranged bouquets used in Thanksgiving, in turn
there are mentions that the Tor during the war forbade slices of dactyl trees. (WIP 20,19-20)
[12].

Fig.1 Laurus nobilis (Daktylowiec wlaéwy ), author: Tonika Markowicz.

Another present in the Myczkowce Biblical garden. The plant is Dyptam Jesionolistny
(Dictamnus albus). This is a particularly interesting plant. The Polish name comes from the
shape of leaves reminiscent of the ash leaves. It occurs naturally on the shores of the
Mediterranean Sea and on the Syrian peninsula. Perennial from the Rurowatych family, it
reaches a height from 50-120 cm. Flowers in pink or and with a diameter of up to 5cm bloom
from May to June. The fruit is a 5-cell handbag, which after greenie cracks, throwing black
seeds on a much distance. Dyptan is treated as frost resistance plant, but it tolerates replanting.
An interesting fact is that by the Italian glandular plant secretes essential oils, which in the
warm, windless days after the close of the flames can be ignited. You will see a short-lived blue
flame which does not destroy the plants. Dyptan is counted as the plant of the host butterfly of
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the Queen Paz. In Poland, it is covered by strict species protection. [3] due to its aesthetic value
it is used as an ornamental plant in gardens and on rebates, it contains dyktaming toxic in high
doses. In turn, rich in essential oils such as estragole, limonene and Cymon is counted as
medicinal plants. Tincture of leaves and flowers soothes rheumatic pains, ware of the rhizomes
treated stomach aches and fevers. Also used in perfumery, leaves distilled with water are used
as cosmetics. Dyptam is the symbol of eternal, divine Love which burns, but does not burn. It is
also identified with the whole Church which, despite persecution (fire) has not been destroyed
(it has not burnt out). On hot days, a large concentration of essential oils can lead to their self-
ignition. For this reason, many scholars claim that this is dyptam the burning bush of Moses.
[20] "When Moses grazed the sheep of his mother-in-law, Jetry, he brought the sheep into the
depths of the desert and came to the mountain of God Horeb. Then he appeared to him the
Angel of the Lord in the Flame of fire, from the center of the Bush [Moses] saw, as the bush
glowed with fire, and did not burn away from him "(ex. 1-2). [15]

The inseparable element of every garden created to approximate biblical events is myrtle
(Myrtus communi). It is native to Africa and parts of West Asia, among others in Israel, Jordan
and Syria. It is a evergreen shrub or low tree reaching up to 5m tall. The leaves are leathery and
shiny, the white flowers bloom from May to July. The fruit is a white or black and blue berry
with a aromatic-sweet taste. Shoots, flowers and leaves strongly axillary. The application of
Mpyrtle is very wide. In Poland it is used as a potted ornamental plant, not hibernate in the
ground, so it is necessary to transfer the plants to a bright and cool room during the cooler
period. This plant is very human-friendly, because it sanitizes the air in the flats, saturatinging
them with great ions. It is also used in culinary arts as a spice for meat dishes and salads, in folk
medicine valuable because of the bactericidal and Antispasmodic properties. In the medicinal,
Myrtle leaves are used which, after the disappearance, emit a characteristic camphor-resinous
fragrance. Also used to treat upper respiratory tract, and stomach problems. In cosmetics is used
for the production of perfumes, toothpastes, men's cosmetics. Formerly of flowers and Fruit of
mirt produced a cosmetic called angelic water. [3] The presence of Myrtle in culture is very
well documented. It is one of the four plants that the Jews consume during the feast of Sukkot,
the feast of the Tabernacles. "Go up and bring in the olive branches, pine branches, mirt
branches, palm branches and branches of other deciduous trees to make shelters according to
the recipe" (Nehemiah) [15]. Because of the easy rebirth after a fire, it is considered symbol of
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purification and renewal. For centuries mirt twigs symbolize fidelity, beauty, fertility and love.
In ancient Greece and Rome, the wreaths of the bride always regimes the branches of the
myrtle. To this day stuck in veils and wreaths are decorative elements. They are also used for
decorating gromnics, altars, paintings of saints, roadside chapelss and figurines. The old legends
proclaim that Adam fleeing from Paradise broke a branch of Myrtle fortunately. Another says
he was banished from Paradise because he broke the one branch when professed love Eve.
Greek mythology claims that the gods transformed the mother of Adonis Myrrhe into a fragrant
bush of mirt in order to protect her from the wrath of her father. [17] In the Bible, Myrtle
symbolizes peace and joy (Isaiah), as well as immortality and the victory of life over Death (the
book of Zechariah). "Here's a rider on the horse stood among the Mirts in the valley, and behind
him horses chestnut, kare and white (...). But they themselves turned to the angel of Yahweh,
who stood among the Mirts and haves: We went through the earth along and breadth, and there
is peace in everywhere "(for 1, 8-11).

.7 Prs B L ;
Fig.3 Myrtus commun (Mirt zwyczajny). author: Tonika Markowicz.

The most memorable plants which are the equipment of biblical gardens are the green
cotton and the common fig. Green Cotton is also found under another name of Indian cotton
(Gossypium herbaceum). Subtotal height up to 1.5 m. Yellow blooms. It is a fibre-giving plant
used for making cotton, which is obtained from long hairs that surround the seeds. In some
countries also grown as an ornamental plant. The seeds are used to produce edible and technical
oil. [23] The fibres of this plant are used for the manufacture of cordage. The Bible was
mentioned in the Book of Esther as Karpas. It was a constituent of the veil in the Temple of
Jerusalem [20], Jesus cried laud and gave up the spirit. Then the veil of the Temple torn two,
from top to bottom. And Centurion, who stood in front of him, seeing that he gave his spirit in
this way, he said: Truly this man by the Son of God "(Mk 39-40). [15] In turn, the common fig
(Ficus carica) is a tree or shrub 10 m tall. Leaves from underneath hairy, the fruit is a peanut
called figs. The plant was already cultivated by ancient civilizations in the Middle East. In
Poland, it is treated as a potted plant, peaceful. Ficus is used in the kitchen, where the fruits of
groceries are used. Dried and roasted figs may be used as a substitute for coffee. Lawns wood is
used for technical products. In folk medicine, figs were used for anemia and cardiovascular
disorders as well as stomach discomfort. In the Bible, the Ficus was replaced until 70 times.
[22] In the Book of Genesis, the first people staying in Paradise ate the fruit from the tree of
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knowledge of good and evil. [5] After awareness that they are naked, spletli of twigs fig strips.
Hence the term "fig". When announcing something good and valuable biblical prophets always
relied to the fruits of figs. In turn, the tree of Fig together with the vine symbolised prosperity
and peace. The fact is that the Talmund Babylonian for the beheading of the fig tree was the
death penalty. In Luke's Gospel in the Parable of Jesus about the fig tree, the mechanism of
irregular fruiting of the fig tree was described. [3]

It is difficult to mention in the article all the symbolic plants which it uses for the creation
of the Biblical gardens and the monastic gardens. Due to the climatic and geographical barriers,
some plants were used only abroad, while others were only in Poland. From the biblical plants
used in both garden assumptions, it is worth mentioning also: Cedar Lebanese (Cedrus
Lebanon), Cyprzyk Czteroklapowy (Tetraclinis articulata), cypress Evergreen (Cupressus
sempervirens), Rock Oak (Quercus coccifera), J Wild Boar (Malus sylvestris), flax (Linum
usitatatissimum), European Olive (Olea europaea), Pinia Pine (Pinus pinea), Winoro$ (Vitis
vinifera), Almond (Prunus dulcis).

Fig.4 Gossypium herbaceum (Bawelna zielona), author: Aneta Bladzinska

CONCLUSIONS

In ancient times, the Middle Ages as well as modern plants are used not only because of
their aesthetic values. Their useful properties and symbolism are very important. The use of
these advantages of plants is large significantly in garden art. In the Middle Ages in the gardens
created by the monasteries were used plants which were mentioned on the cards of the Bible
because of, among other things, their symbolism. This allowed the creation of a garden that
reflected the enthusiasm of man to the world as the work of God, and forced contemplation and
reflection. This was especially important when establishing wirydarz. Today, attempts to
recreate the old garden assumptions with the use of these plants are undertaken. Biblical
gardens are an excellent form of using alternative plants not only for decorative purposes, but
also for scientific and awareness.
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ABSTRACT

SYMBOLIKA ROSLIN BIBLIJNYCH UZYWANYCH
W SZTUCE OGRODOWEJ

Badania nad Pismem Swigtym i pézniejsza literatura ko$cielng, malarstwem, rzezba,
architekturg, oraz odkrycia archeologiczne pozwolity wyodrebni¢ gatunki rodlin zwane
biblijnymi. Kazda ro$lina zakwalifikowana do tej grupy posiada swoje symboliczne znaczenie
bardzo czesto wykorzystywane miedzy innymi w Sredniowieczu. RoSliny te stuzyly do
tworzenia ogrodéw przyklasztornych w ktérych w sktad wchodzit wirydarz, czyli kwadratowy
dziedziniec wewnatrz budynkéw koSciota i klasztoru. Byt to ogréd zamknigty dla $wiata
zewngtrznego, stuzyl do modlitwy i kontemplacji zakonnikéw. Wirydarz obsadzano ro§linami,
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ktérych symbolika kierowata mys$li ku Bogu. Poza funkcjg ozdobna, rosliny pehity funkcje
lecznicza oraz byly elementem, ktéry podkreslal sfere sacrum i nawigzywat do tesknoty za
rajem. Niektore jak r6za, lilia czy naparstnica odnosity si¢ do symboliki Maryjnej. Z kolei inne
jak meczennica wiazane byly z Chrystusem. Z kolei Bukszpan i bluszcz kojarzono z
wieczno$cig 1 nieSmiertelno$cia. Wirydarz przeznaczony do rekreacji. Dostepny tylko dla
zakonnikéw. Przy klasztorze tworzono takze ogréd uzytkowy i ogrédd szpitalny obsadzany
ro§linami dekoracyjnymi, uzytkowymi i ziolami. Wiele z nich byto charakterystycznych dla
chrzedcijanstwa, kojarzono je z wydarzeniami biblijnymi. Wspoéltcze$nie ro$liny te mozna
spotka¢ w przydomowych ogrodach, parkach, przy osrodkach wypoczynkowych oraz ogrodach
edukacyjnych. Przykladem takich zalozen sg ogrody biblijne, zakladane na caltym $wiecie, w
tym w Polsce. Ogrody te stanowig doskonate miejsce do badan nad flora biblijng. Jednym z
takich ogrodéw jest biblijny ogréd w Myczkowcach. Jego funkcja jest przyblizenie wydarzen
opisanych w Pi§mie Swigtym. Ogréd zostat zalozony w 2010 roku, znajduje si¢c w nim 110
gatunkéw roslin, ktére zostaly wspomniane na kartach Biblii. W ogrodzie wyrézni¢ mozna
poszczegllne przystanki opowiadajace odrebng histori¢. Przy kazdym z przystankéw zostaty
umieszczone tablice z cytatami z biblii oraz przykazaniami, oraz opis poszczegélnych ro§lin.
Poza symbolikg biblijna rodliny te maja szerokie zastosowanie wspdtczes$nie. Poza walorami
ozdobnymi posiadaja zastosowanie w kuchni, w perfumerii, stosowane sg do wyrobu lekéw i
farmaceutykéw. W artykule wymieniono zaledwie kilka z obszernej listy ro$lin o symbolice
biblijnej. Dyptam jesionolistny (Dictamnus albus) sporych rozmiardw krzew, kwitngcy od maja
do czerwca na kolor biaty jest nazywany takze krzewem Mojzesza i gorejacym krzewem. Swoje
odniesienie do ptongcego krzewu zawdzigcza duzej ilosci olejkdw lotnych, ktére w upalne dni
mogg ulec samozapaleniu, bez uszkodzenia rosliny. Mirt zwyczajny (Myrtus communi) w Biblii
wspomniany przez Zachariasza symbolizuje nie$miertelno$¢ i zwycigstwo zycia nad §miercia.
Do dzi$ gatgzkami mirtowymi zdobi si¢ wianki i welony §lubne. W Polsce uprawiany jest jako
doniczkowa roSlina pokojowa, poniewaz ze wzgledu na brak mrozoodpornosci nie zimuje w
gruncie. Ciekawostka jest fakt, Zze mirt nasyca powietrze w mieszkaniach korzystnymi dla
cztowieka jonami. Wawrzyn szlachetny (Laurus nobilis) wspdtczesnie wykorzystywany
glownie jako przyprawa, poza walorami ozdobnymi jest takze sktadnikiem wielu lekow
i farmaceutykéw. W Mitologii uznawany za drzewko bogdéw, symbolizowal chwalg
izwycigestwo. W Biblii przypisywano mu symbol zwycigstwa nad grzechem. Biblijnych
wzmianek o daktylowcu wlasciwym (Phoenix dactylifera) jest bardzo wiele. Najpowszechniej
kojarzony jest z momentem, kiedy Jezus wjezdzat do Jerozolimy. Tamtejsza ludno$¢ witajac go
trzymata wiasnie liscie daktylowca powszechnie nazywanego palmg. Powiedzenie ,listek
figowy” pochodzi z zawartej w Ksiedze Rodzaju przypowiesci, w ktérej pierwsi ludzie
przebywajacy w raju skosztowali owocu z Drzewa Poznania Dobra i Zta. Czyli z drzewa
figowego. Po u$wiadomieniu sobie, iz sg nadzy, spletli z galazek figowych przepaski. Jak
wykazaly badania warto pami¢ta¢, ze zardwno dawniej, jak i wspolczesnie walory ozdobne nie
sa jedynym powodem, dla ktérego stosuje si¢ takie a nie inne rosliny.
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ANALYSIS OF AGE-RELATED CHANGES IN EYE
REFRACTION IN CHILDREN

Abstract. In the work highlighted statistics on epidemiological study of eye disease in children
of different age groups. The analysis detection of decreased visual acuity among pupils Truskavets
according checkups. Found that most of today's pupils discovered ophthalmologic pathology that
leads to visual impairment. Most pupils diagnosed myopia weak and average degree and spasm of
adoption, that pathology in the genesis of any significant value owned by visually-intense activities
inherent to school. Ophthalmic pathology detection rate increases in direct proportion to age. Among
the possible causes of incomplete detection of ophthalmic pathology, it should be noted the low
interest of children and their parents in the timely diagnosis and correction of the pathology of the
visual organ, drawbacks in the organization of preventive examinations, as well as the inadequate
efficiency of primary health care physicians in the health care system conserning the allocation of
risk groups and targeted preventive work with them.

Keywords: children, refraction, refractometry, myopia, hypermetropia, astigmatism, eutropia.

INTRODUCTION

The subject of state's special care should be the health of children and youth.
Unfortunately, in recent years its condition can’t be called satisfactory by many parameters.
Among many negative factors that influence on the health and reveal a disturbance of vision in
children of preschool age and schoolchildren of all ages are illnesses, injuries and excessive
enthusiasm by computers [22].

An important link in the activities of the domestic health care system and one of the most
urgent medical and social problems is the protection of children's vision: prevention and
treatment of diseases and eye injuries, prevention of blindness and weak vision, reduction of
disability due to eye diseases [4, 5, 16].

The problem of child's blindness and weak-vision is one of the most pressing problems of
ophthalmology, and overcoming of child's blindness is a priority direction of the world's health
care system. According to the global problem of fighting blindness of WHO «Vision — 2020»,
in the world there are almost 1.5 million blind children and every minute one child is blind. It is
believed that by preserving such negative trends, the number of blind children in the world will
reach 2 million to 2020. It is proven that in 50% of cases, blindness and weak vision can be
prevented. To do this, it is necessary to implement preventive and rehabilitation measures at the
national level which will reduce the number of children with reduced vision, to ensure
implementation of the basic rights of the child to health, education, worthy life, as well as
reduce the economic burden of this problem for the national budget. According to the data of
appeals to the health care institution the morbidity of children and teenagers, not only doesn't
decrease, but also tends to increase [8].

According to scientists and practitioners, the scope of work aimed at preventing visual
impairment in children is extremely low [28]. While pathology of the organ of vision is one of
the main reasons restricting the choice of a profession by pupils [12].

It is admitted that 80% of schoolchildren experience unreasonable stressful overworks at
school [31]. A distinctive feature of modern education and upbringing is the computerization of
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pre-school and school establishments and the development of children's computer vision
syndrome. In addition, schools often use out-of-date equipment that is unsuitable for use [28].

During the last two decades, in Ukraine have occurred the decline in the standard of living of
the population and a reduction in the availability of medical care and all this has hit, first of all, to the
most vulnerable groups of the population to the children [9, 26, 30]. This situation has had a negative
impact on the qualitative indicators of the health of the child population, including ophthalmology.
Pathology of the organ of vision in children may be the result of adverse social, economic,
behavioral, medical and organizational and other factors of the environment [14].

According to the Ministry of Health of Ukraine, during the last 10-15 years, the number of
children with pathology of the organ of the vision increased significantly. About 840 thousand
children suffer from various ophthalmologic diseases: myopia, hyperopia, strabismus,
astigmatism, amblyopia [30].

In recent years, in Ukraine there has been a negative dynamics of indicators that
characterize the state of ophthalmic health of the children's population. According to many
authors, this tendency is stipulate both to the influence of socio-economic factors and to the
methodological shortcomings in the development of the health care system, in which the
priority was given mainly to the medical and diagnostic direction. There was an imbalance
between therapeutic practice and medical prophylaxis in favor of the first, which complicated
the implementation of the strategy of health promotion and prevention of diseases among
children, including ophthalmologic.

For Ukraine, ophthalmologic pathology in school-age children is extremely relevant to the
socio-medical problem. The increase of the morbidity and prevalence of eye diseases and adnexa
among children is noted. In the structure of the pathology revealed during child's preventive
examinations during 2006-2016 the first place was occupied with decreased visual acuity.

A number of authors affirm that over 30% of modern schoolchildren suffer from myopia and
an alarming tendency of increasing the prevalence of visual impairment today not only doesn’t
decrease but doesn’t stabilize. The given indicators of morbidity and prevalence of diseases of the
organ of the vision testify to the insufficient effectiveness of the measures taken in Ukraine as to
their prevention. In children's health programs, special attention should be given to schoolchildren,
the largest contingent, which make up for about 70% of the total child population [19, 28].

The analysis of scientific and methodological literature shows that the vast majority of research
on the problem of ophthalmic pathology in children is devoted to the study of its clinical aspects and
the organization of specialized ophthalmologic medical care for children with already formed
pathology [2, 4, 5, 8, 15, 24, 25].

As to the problem of prevention of visual impairment, the vast majority of works relate to the
issues of hygienic assessment and standardization of visual work of schoolchildren and the provision
of sanitary and hygiene support for school activities. Deeply studied causes of visual disturbances
have been studied, ways of their prevention and correction [6] have been developed, while observing
the hygienically regulated mode of the day, work on the computer.

The state of ophthalmic health of children is one of the integral indicators of the health of
the nation. Significant intensity of the defeat of the child population with ophthalmic diseases
raises the problem of preserving and strengthening ophthalmologic health as one of the most
important and relevant ones.

The aim of the study is carrying out a statistical analysis of refractive changes in children
of different age groups.

METHODS

According to S. O. Rykov the deterioration of vision in children is stipulated both the
influence of socio-economic factors and the formation of an disbalance between therapeutic
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and preventive care in favor of the first, which complicates the implementation of the strategy
of strengthening the ophthalmic health of children [30].

The analysis of the state of ophthalmologic health was carried out in a complex way
with the use of all possible sources of information and included an assessment:

- frequency of detection of reduced visual acuity during medical examinations of
children and pupils of separate age groups;

- frequency of detection of visual impairment with an analysis of their causes with a
specially conducted ophthalmologic examination of school-age children.

Compulsory ophthalmologic examination of schoolchildren included: assessment of
visual acuity (visiometry), and refractometry.

Refractometry is the objective definition of refraction, which was carried out using a
Hartinger refractometer or autorefractometer.

The object of the observation at the stage of the research were the students of 6-11
classes (at the age of 11-16, in which the most frequent is the formation of visual impairment)
of comprehensive schools in the Truskavets city. All students were studied at schools that
were located in typical buildings, they had a one-off work regime and satisfactory sanitary
conditions for the education of children.

The study followed by ophthalmologic examination enrolled 180 students 6-11 classes.
The average age of children was 13.9 + 2.7 years. Girls accounted for 54.2 = 3.1% of all
examined.

The statistical processing of the study materials was carried out using Statistica 6.0 and
Microsoft Excel 2010 statistical software packages.

RESULTS OF RESEARCH

Unfavorable tendencies in the ophthalmic morbidity of the children's population
necessitate constant control over their visual functions during preventive medical
examinations. The medical-statistical method analyzes reporting forms No. 31 of sectoral
statistical reporting of the Ministry of Health of Ukraine [29].

The analysis is done dynamically in terms of three groups of schoolchildren, pupils of 6-
7 classes, pupils of 8-9 and 10-11 classes.

Frequency and the procedure for carrying out obligatory medical preventive examinations of
schoolchildren in Ukraine are regulated by the Order of the Ministry of Health of Ukraine. In
accordance with this order, the junior specialists with medical education carry out the examination of
pupils' visual acuity every year. Obligatory review of children is provided by ophthalmologist for 6
years (before entering the school) and 11 years. Schoolchildren of another age are looked at by an
ophthalmologist for shows. Such a system of preventive examinations does not allow timely
detection of ophthalmologic pathology among schoolchildren.

Therefore, the problem of timely diagnosis of visual impairment and eye diseases in
children of other age periods, whose visual analyzer is subject to considerable stress, is
particularly relevant.

The analysis of the frequency of detection of reduced visual acuity among Truskavets
city schoolchildren according to the preventive examinations carried out in the context of the
separate age groups of schoolchildren showed the following unfavorable tendencies:

- the frequency of detecting reduced visual acuity among schoolchildren in Truskavets
city increases with schooling from 41.6% among schoolchildren of the sixth grade to 51.6%
among pupils ofthe ninth grades and 55% anomg eleventh grades, more than 1.1 times for
time at school.

In order to obtain more complete information on the incidence of visual impairment
among school children, we conducted a special research in which an ophthalmologic
examination of 180 schoolchildren (pupils of 6, 7, 8, 9, 10, 11 classes) was performed.
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The results of the research are presented in Table 1.

Table 1.
The results of ophthalmologic examination of schoolchildren in Truskavets city

The number Ophthalmologic pathology is revealed

of exaqlllned Myopia Hypermetropia Astigmatism Emeteropia
pupils

(180) abc | P=m (%) | abc | P+m (%) | abc 1::,_7;1 abc | P+m (%)

(V]

6-7 grade 10 | 17#42 | 6 9432 9 | 15#3,7 | 35 | 59+5,1
(n=60)

8-9 grade 12 | 20£39 8 13433 | 11 | 19439 | 29 | 4843
(n=60)

10T grade |y 1 o3uay | 9 | 14236 | 10 | 17237 | 27 | 46242
(n=60)

According to the materials presented in this table, almost half of modern schoolchildren
(49,4 £ 3,3%) found ophthalmologic pathology, which leads to visual impairment of pupils.
Most often, myopia was diagnosed of the weak and middle degrees (20 = 2,6%), as well as
spasm of adoption (16,6 = 2,4%) , that is, pathology in the genesis of which significant
importance belongs to the visual-intense activity inherent in school education. The analysis of
the correlation between the frequency of detection in prophylactic examinations of reduced
visual acuity and other abnormalities in schoolchildren's health (hearing loss, speech defects,
scoliosis and posture disorders) revealed a relationship between vision and posture
impairment. It is established that increasing the duration of study at school raise the density
of this connection between the specified pathology.

The frequency of detection of ophthalmic pathology increases directly in proportion to
the age of children from 41.6 + 3.1% among sixth grades pupils to 55.0 + 3.9% among
graduates of schools. First of all, this dynamics is due to an increase in the frequency of
spasm of adaptation and myopia of weak degree (see Diagram 1).

Diagram 1.
The structure of the pathology prevalence of the visual analyzer among children
(11-16 years) in% (n = 180)

Myopia
B Hypermetropia
B Astigmatism
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The results of our researches confirm the data of other authors regarding the increase in
the prevalence of visual impairment with the experience of schooling, as well as the higher
frequency of detection of this pathology during special studies, compared to the official
statistical reporting [6].

The analysis of preventive with schoolchildren showed that it is not conducted
qualitatively, therefore, in order to improve the effectiveness of preventive measures,
improve the ophthalmologic service of students, develop a healthy lifestyle and ensure the
safety of the educational process, the following measures should be taken:

- to expand the application of the experience gained in advanced ophthalmologic clinics
in Ukraine as to the work with school contingents and school medics;

- to form prevention programs for a healthy lifestyle involving schoolchildren and their
parents in their organization;

- to conduct prophylactic examinations of schoolchildren with the involvement of
parents in accordance with the orders of the Ministry of Health of Ukraine with the following
phases: medical nurse - pediatrician - specialists;

- to create conditions for a screening examination of children in order to detect hidden
pathology of vision, the formation of "risk groups";

- to provide high-quality specialized and highly qualified ophthalmic care, as well as to
increase the level of sanitary education of parents and children on issues of hygiene and
vision prevention.

- to ensure continuity in the work of preschool-school and district outpatient-polyclinic
services;

- to equip school's medical cabinets according to the current equipment plan with the
involvement of local educational institutions for their organization;

- to provide the complete set of posts of the medical staff, which are in the regular
layout of schools;

- to provide conditions for motor activity of children in schools, prevention of
hypodynamia, physical education, and support for other initiatives aimed at strengthening
children's health.

Among the possible causes of incomplete detection of ophthalmic pathology, it should be
noted the low interest of children and their parents in the timely diagnosis and correction of the
pathology of the visual organ, drawbacks in the organization of preventive examinations, as
well as the inadequate efficiency of primary health care physicians in the health care system
conserning the allocation of risk groups and targeted preventive work with them.

CONCLUSIONS

1. According to the results of a specially conducted ophthalmologic examination, 180
schoolchildren in Truskavets city found that almost half of students (49,4 * 3,3%) had
ophthalmologic pathology, which leads to visual impairment. Most often students were
diagnosed with myopia (20 + 2.6%), as well as spasm of adaptation (16.6 + 2.4%)).

2. The frequency of detection of ophthalmic pathology increases directly in proportion to
the age of children from 41.6 * 3.1% among sixth grades pupils to 55.0 + 3.9% among
graduates of schools. This dynamics is due to the increase in the frequency of spasm of
adaptation and myopia of a weak degree.

3. The conducted researches have revealed the features of the formation of refraction in
children of different age groups. The accelerated eutrophication in children 11-13 years old and
retardation of refractogenesis in children aged 14-16 years, as well as the connection of
refraction with the indicators of physical development and general-somatic pathology were
revealed.
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AHOTAIIS

AHAJII3 BIKOBUX 3MIH PE®PAKIIIi OKA Y JITER

BuBuYCcHHS BIUIMBY CIOCOOY XHTTSA Ha PO3BUTOK JiTel Ta (OpPMYBaHHS OpraHa 30py €
OJIHIEI0 3 aKTyaJbHHX MPOOJIEM COIANbHOI METUIIMHUA Ta CIPSAMOBAHC Ha BU3HAUCHHS
peATbHUX MOXKJIMBOCTEH IIICCIPIMOBAHOTO 30CPEIKEHHS 3I0POB’S Ta 30py MiJAPOCTAKOYOTrO
mokoJIiHHA. Ha ocobnuBy yBary moTpeOyroTh MIKOJSIPI — HAHOUTBIT YHUCICHHUNW KOHTHHIEHT,
SIKUH cTaHOBUTH O01u3bKk0 70% cepe BChbOTO AUTSIIOTO HACETICHHS.

BcranoBieHo, mo yMOBH Ta CIOCIO JKHUTTS Cy4acHHX MIKOJISIPIB CYTTEBO BiIXHISFOTHCS
BiJ pallioHaJIFHUX Ta HEOOXiTHUX A (opMyBaHHSA 3J0POBOTO IMigPOCTAIOYOTO ITOKOJIIHHS i
30epekeHHss (QYHKIT oprana 30py. HaiGinpll TOMUPEHUMH COMiANLHO-TITiIEHIYHUMH
YMHHUKAMH HEraTHBHOTO BIUIMBY HAa 3[0POB’S Cy4acHOl MOMyJsiiii IIKOJSIPIB €
HEpaIiOHAIBHUN PEKUM JHS, 30KpeMa, CKOPOUCHHS TPUBAIOCTI HIYHOTO CHY, IepeOyBaHHS Ha
CBKOMY TIOBITpi, HemocTaTHs (hi3WYHA aKTHUBHICTH, NACHBHUI BIAMOYMHOK (32 KOMIT IOTEPOM
abo TeNeBi30pOM), a TaKOX HE3aJ0BiIbHA OpraHi3allis IMO3allIKUIbHOI isUTBHOCTI Ta
ririeniyHoro 3a0e3mnedyeHHst 30poBoi poboru. Jlito nmx 4YMHHUKIB 3a3Hae moHany 50% mitei
LIKUJIBHOTO BIKY.
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3aBepiIeHHs PO3BUTKY OpraHa 30py Ta CTaHOBJICHHA O0araThOX 30pOBHX (YHKIIN
BiZOyBa€eThCS Y Billi, SIKUH CITiBIIA/Ia€ 3 TIEPiOJOM HaBYAHHS Y IIKOII, K€ € 30POBOHAIPYKEHOIO
nisutbHicTio. [laTosorist oprana 30py € OAHUM 3 HaH4YacTIIMX BIJXWICHb y CTaHi 3JI0POB’S
Cy4YaCHHX IIKOJISIPiB. YacToTa BUSIBJICHHS 3HIXKCHOI TOCTPOTH 30pY 33 Yac HABYAHHS Y IIKOJI
3pocrae y 3-5 pasiB i B 11 knaci cranoButh 30 %.

Jlist 3a0e3nieyeHHs OpMyBaHHS MOBHOLIHHOTO TPYIOBOTO MMOTEHIIANY KpaiHU HEOOXiTHO
LIYKaTH MOXJIMBOCTI 30€peKeHHsI 30py Cy4acHOi MOMmyJsuii AiTel, MOCTIHHO BIOCKOHAIIOBATH
poOOTYy 3 OXOPOHH 30py MiJPOCTAKOUOro MOKONiHHA. [lepeBakHa OUNBIIICTH JOCIIJKCHB,
CHPSIMOBAaHMX HA OOIPYHTYBaHHs TNPEBEHTUBHHX 3aXOJIB Yy HIKOJISIPIB, KOHIEHTPYETHCS
Ha BHBUYCHHI Ta 3aro0iraHHi HeraTHBHOMY BIUIMBY CaHITapHO-TITi€HIYHUX YHHHUKIB MIKiTBHOTO
cepenoBuIna. MeHII JOCTIIPKEHa pOJb KEPOBAHMX MOBEMIHKOBHX (HaKTOPIB PHUHUKY
y ¢opMmyBaHHI maToJOTii OpraHa 30py y OiTeH HIKITBHOTO BiKy, X04a O3JOPOBJICHHS CIIOCOOY
KHUTTS € MOTY)KHHM Ba)keJIeM BIUIMBY HA CTaH SIK COMAaTHYHOrO, Tak i O(TaJbMOJIOTiYHOIO
3JI0pOB’ S JIITEH.








