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HABITAT CONDITIONS THAT DRIVE PLANT TRAITS IN GRASSLANDS:
PHYTOINDICATIVE ANALYTICAL APPROACH

Abstract. Plant communities of the 31 pastoral grasslands have been assessed using the
phytoindicative analytical method of Ellenberg (1974) in order to compare the community reactions
on the habitat-climatic and habitat-edaphic conditions of the following 3 physic-geographical zones of
Chernivtsi Region in Ukraine: Plain, Foothills and Mountains. An average realized niche of each
plant species has been assessed along the gradients of the study factors of habitat-climatic conditions,
such as: insolation, thermal regime and the degree of continentality, as well as the following habitat-
edaphic conditions: the soil moisture, acidity, and nitrogen content. The deviations of the pastoral
plant communities from their potential climax states have been assessed.
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YMOBUW CEPEAOBULIA AK BU3HAYAJIbHI ®AKTOPU POCJIMH
JNTYYHUX EKOCUCTEM: ®ITOIHOAUKALIMHUMX AHANITUYHUAM NIAXIA

Awnotanis. bins 78 % ciiscekorocogapchkux IpyHTIB (56 % Bin 3arampHOi ILIOII 3eMelb
VYkpaiHu) € opHUMH, [0 CKIaJae HAWBUIMK piBeHb PO30paHOCTi IpyHTIB B €Bpormi (Sutton, 2008).
JlerpajioBaHi MacoBHIIHI JIyKH JIJUPYIOTh B CIIUCKY TaKHX, L0 KOHBEPTYIOTh B OpHI arpOCHCTEMH,
TaKUM YMHOM PYIHYIOUH JIy4HYy eKocucTeMy. MeToto poboTu OyJI0 BH3HAYCHHS OCOOIMBOCTEH peaKiiii
YIpYNOBaHb POCIMH JIy4HHX €KOCHCTEM MACOBUIIHOTO TUITy BUKOPHCTAHHS Ha KJIIMATH4HI Ta IPYHTOBI
(haxTopu B Mexax Tpbox (izuko-reorpadiuaux 30H YepHiBenpkoi obmacTi YKpaiHu: piBHUHHA 30Ha,
mepenrip’s Ta Tipceka 3oHa (Kapmartm), KokHa 3 SKHX XapaKTEPH3YeEThCS cneundigHIM
MAaKpOKJIIMaToM, €BOJIIOLIEI0 POCIMHHUX YIPYNOBaHb, OCOONMBOCTSAMH JaHIMA(Ty, BHCOTOIO HAal
PpiBHEM MOpSI, BIKOM i TUITaMH TiPCHKUX MOPIJ.
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OO0’ekTaMu  JIOCTIDKeHHsT OynM POCIMHHI  yrpynoBaHHS 31 MAacOBHINHOI EKOCHCTEMH.
JlocmipKyBaHi JIyKH BUKOPHCTOBYIOTBCSI HACEIICHHSAM JUIsl BUNIACY BEJIMKOIO poraToi Xyoou. PocinnHi
3pasku uis GiToiHaMKaLil BigOMpany mia yac miKy ce30Hy Bererauil (depBeHb—iumnenb) B 2005, 2006 i
2007 3 pocmimaux AuttHOK 10 M X 10 M A7t KOKHOTO 3 MOPIBHIOBAaHUX MAacOBUIL. BU3HaUa BUIOBY
MIPUHATEKHICTh POCIMH Ta YHCENBHICTh KOXKHOTO BHIY B YrpymoBaHHi. JloCHimKyBaHi POCIHHHI
YIPYHOBaHHS aHATi3yBalM 3a JONOMOroro (iToiHauKamiifHoro asamitHdHOro Mmerony EmnenGepra
(1974) ms mopiBHSHHS peakiii yrpyrnoBaHHs Ha KIIMAaTHYHI YMOBH CEpelOBHUINA Ta (paKTOpU IPYHTY.
Cepennst peali3oBaHa Hillla KOXKHOTO By POCIIHH OI[IHEHA 3a MPaJliEHTaMK JOCIIDKCHHS KIIIMATHIHUX
(akTopiB, TAKUX SIK: IHCOJISALIIT, TETUIOBOTO PEXKUMY 1 CTYTIEHS] KOHTMHEHTAJIBHOCTI, @ TAKOXX HACTYITHHX
IPYHTOBHX YMOB: BOJIOTOCTi, KHCJIOTHOCTI Ta BMicTy a3ory. OLIHEHO BiIXWJICHHS  POCIHHHHX
YrpyHoBaHb Bifl IX MOTEHIIHHOTO KJIIMaKCOBOTO CTaHy.

BukopucraHHs TOKa3HHWKa CepelHBOi peaizoBaHOI HIllli BHOIB POCIHH B3HOBX TPami€HTY
JOCTIDKYBaHUX KITIMaTHYHAX Ta IPYHTOBHX (DaKTOpiB TOKa3ajo, M0 POCIWHHI YTPYMOBaHHS €
YyTIMBHMHM 1HAMKATOPaMH IOAO 3MIiH YMOB CepelOBHIIA. BCTaHOBIICHO, IO BiAXMICHHS POCIMHHHX
YIpyHOBaHb Bil iX MOTEHIIHHOTO KIIMAaKCOBOTO CTaHy 3pOCTa€ IPH MEpecyBaHHI y HANpsSIMKY BiX
TipCchKOT 30HM 10 PIBHUHHOI, 110 MO)ke OyTH OOYyMOBIICHO 30UIBIICHHSM aHTPOIIOI€HHOrO BIUIMBY Ta
NaCTOPAIBLHOI0 HABAHTA)XKEHHS HA JTyYHI €KOCHCTEMH B HAIPSIMKY BiJ] Tip 10 pIBHMHHOI 30HU.

Knrouosi cnosa: ghimoinouxayis, gpimoyenos, nacosuwe, ayka, anarimuynui memoo Ennenbepea.
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YCNnoBuA CPEAbI KAK ONMPEOENAIOLLUE ®AKTOPDI
PACTUTEJIbHbIX COOBLUECTB NYroBbIX 3KOCUCTEM:
PUTONHOAUKALMOHHbIN AHANTUTUYECKUM NOAxXoa

AnHoTanus. CrenaHa OICHKAa PacTHTENBHBIX coodmiecTB 31 macTOMIIHON 3KOCHCTEMBI C
TOMOIIBI0  (PUTOWHAWKAIIMOHHOTO aHATUTHYeCKOro Meroaa JmieHOepra (1974) mnsa cpaBHeHHSA
peaKkIuu aHTPOIIOT€HHO-TPAHC(OPMHUPOBAHHBIX COOOMIECTB HA KIMMATHIECKHE YCIOBHS CPEAbl U
snadudeckre (akTopel B Ipenenax Tpex (HU3HMKo-Teorpadmueckux 30H UepHOBUIKOH obiacTn
VYkpauHbl: paBHHHHas 30Ha, npexnropse U ropel (Kapmater). Mcmonb3oBanue moxaszaterns cpemHei
peaNn30BaHHOM HHIIM BHJOB PACTEHHH BJOJIb TpaJMEHTa MCCICAYEMBIX KINMAaTHYECKUX U
snaduyeckux (HaKTOPOB IOKA3aJ0, YTO PACTHTEIBHBIE COOOLIECTBA SIBISIIOTCS YyBCTBUTEIBHBIMU
UHANKATOpaMH HW3MCHEHUH YCIOBMil Cpelbl. YCTaHOBJICHO, 4YTO OTKJIOHEHHE PACTUTENIbHBIX
COOOIIECTB OT UX IOTCHIMAJIBHOTO KIMMAKCHOTO COCTOSHHS BO3PACTAeT IPU IEPE/BHKCHUM IO
HAINpaBJICHUIO OT TOPHOIl 30HBI K PAaBHMHHOH, YTO MOXET ObITh OOYCIOBJICHO YBEIHYCHHEM
AHTPOIIOTEHHOT'O BO3/ICHCTBUS M MAcTOpaIbHOH HArpy3KH Ha JIyTOBBIE SKOCHCTEMbI B HAIPABICHUN
OT Iop K paBHUHHOI! 30HE.

Kniouesvie cnoea: gumounouxayus, gumoyenos, nacmoéuwe, nye, AHATUMULECKUL Menoo
Dnnenbepea.

INTRODUCTION

Near 70 % of Ukraine's total land area of 60 million hectares is classified as agricultural
land, which includes cultivated land (grains, technical crops, forages, potatoes and vegetables,
and fallow), gardens, orchards, vineyards, and permanent meadows and pastures (US
Department of Agriculture, 2004; 2014). Due to the Ukrainian National Department of the
Soil Fertility Conservation the 78 % of the agricultural lands (56% of the Ukraine's total land)
are arable, and it is the highest level of land plowing in a Europe (Sutton, 2008). Such
increase dramatically in land arable and soil cultivation is a result of the large industrial farms
shifting away from cattle toward crop production since 2000. Cattle livestock is not quickly
profitable and not as attractive to investors as the other types of farming. The collapse of the
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Soviet Union in 1991 increased feed and production costs and reduced profitability for cattle
livestock enterprises (US Department of Agriculture, 2014). Because of reduce in cattle’
inventories the demand for forage is continuing to shrink, which is followed by the
transferring of the natural pastoral grasslands to the plowed lands in order to supply the crop
production. These anthropogenic influences are dramatically crucial and irreversible for the
native ecosystems. Ukraine’s agricultural sector is estimated to cause 3540 percent of all
environmental degradation (US Department of Agriculture, 2004).

The aim of the current paper is to define the special characteristics of the flora
community reaction on habitat conditions within the three geographically different areas
(Plain, Foothills and Mountains); each one is determined by specific macroclimate and
history of vegetation development. The null hypothesis is that flora composition of the
grassland communities reacts the most vigorously to changes in abiotic conditions, and
reflects anthropogenic influences the most quickly.

MATERIALS AND METHODS

The study objects are the plant communities of the 31 grassland ecosystems, which are
located within the three distinct physical-geographical zones of Chernivtsi Region (47°43" —
48°41' N x 24°55' — 27°30' E) of Ukraine: Plain, Foothills, and Mountains, each one is
determined by specific characteristics of landscapes, climate, elevation, age and type of rocks.
The physical-geographical zonation of Chernivtsi Region is due to mapping of Voropaj (2004):
Plain zone is located in a north part of a region between rivers Prut and Dniester; Foothill zone
is a central before-mountain area of Chernivtsi Region; and Mountain zone is presented by
Bukovina Carpathian Mountains, which are located on the south of the study region. All of the
study grasslands, unmanaged since 1992, are used as commons for cattle pasturing by private
household farms, which typically have two to three head of cattle per farm.

The sampling and analysis methods were performed in the same way for each of the
compared ecosystems. Biological samples for phytoindication analysis were gathered during peak
growing seasons (June — July) in years 2005, 2006 and 2007. Study plots for each of the compared
pastures were 10 m x 10 m. Plant specimens were identified to species. Plant cover (C; ) in study
communities was measured as a visual assessment of the relative area covered by each species
i=1,...n within the composition of community in a study plot Im X 1m, and then recorded as a
continuous variable ¢ between 0 and 100 % and transferred into the Braun-Blanquet (1965) cover
classes (C; ) as follows: C; =5, when ¢ > 75 %; C; =4, when 50 % > ¢ <75 %; C,; =3, when
25>¢<50%; C;=2,when 5 >¢<25%;and C;=1, when 1 > ¢ <5 %.

Each of plant species i within the study communities was analyzed using the
analytical method of Ellenberg (1974) in order to assess the factors f of habitat-climatic
conditions, such as: insolation L, thermal regime 7 and the degree of continentality K, as
well as the following habitat-edaphic conditions: the soil moisture F, acidity R, and
nitrogen content N. The index for each factor f'(n=1...6) is a continuous variable f;, which
is assessed for each species 7, as follows in table 1.

The phytoindication measure X, of a total community reaction on a factor f was
calculated as follows: X , = >Cf;, / >C;, where C; is a plant cover class (C;=1...5) of
species i=1,...n assessed by the Braun-Blanquet method; f; is a value of factor f of each
species i=1,...n within the community, where f is 1 of the following 6 factors analyzed
using the analytical method of Ellenberg (1974): L, T, K, R, F, N. The X, expresses an
average realized niche of species along the gradients of the study factors f.

The reference value for each factor f is linked to its mean (my) assessed across all
pastures within each of study physic-geographical zone of Chernivtsi Region (fig. 1). Due
to Didukh and Gaiova (2008) the reference value expresses potentially the reference climax
state of the study community.

Relative deviation ry of the measured values of f from the reference value was
assessed as follows (Didukh and Gaiova, 2008): ry= X ; - m,/ max,* 100%, where X sis a
phytoindication measure of a total community reaction on a factor f; m, is a mean value of
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X rassessed across all pastures within each of study physic-geographical zone of Chernivtsi
Region; max;, is a maximum possible value within the scale of factor f.

An overall deviation of plant community relatively to the reference point was
quantified as an average of relative deviations r, of the measured values of f from the
reference values: r=73r,/n, wheren is a number of factors f(n=6).

Table 1

Description and abbreviation of the factors funder assess driven
from the analytical method of Ellenberg (1974)

abfaerlzfz(i);{iﬂon max;, Description
Habitat-climatic conditions:
Insolation, Z 9 indic.a.tes the relative strength of .insolati(')r}; vary from 1 (species
requiring full shade) to 9 (plant species requiring full light).
describes the resistance of a species to the frequency and length of
Degree of 9 occurrence of dry periods in the growing season, as well as to the
continentality, K length of the pre-frost period; vary from 1 (the most features of an
Atlantic climate) to 9 (the most continental features).
Degree of the indicates the resistance of a plant species to the thermal regime; vary
temperature 9 from 1 (species requiring low temperatures) to 9 (species requiring
regime, T high temperatures).

Habitat-edaphic conditions:
expresses the ecological reaction of species in relation to the humidity
of the substrate in the growing season; vary from 1 (species requiring
extremely dry soils) to 12 (aquatic plants that are mostly completely
submerged in water).
reflects biologically the acidity of the substrate experienced by plants
Soil acidity, R 9 from; vary from 1 (species requiring highly acid soil [pH < 3.5]) to 9
(species requiring neutral or basic soils [pH > 6.5]).
expresses the ecological reaction of species to the content of nitrogen in the
9 soil; vary from 1 (species only occurring in soils poor in nitrogen) to 9
(species only occurring in soils with high content of nitrogen).

Soil moisture, F 12

Nitrogen content
in the soil, N

RESULTS AND DISCUSSIONS

Within the study area the measure of phytocenosis reaction on the soil humidity Xy varies
from 3.4 to 5.3 with an average value m=4.2 (SD(+)=0.4). In general these data expresses the
high level of the soil humidity within the study pastures from the prospective of the
phytoindication analysis. It can be explained by the leaching (permacidous) type and periodic
leaching type of soil moister regimes, where the soil returns less moisture to the atmosphere than
it receives. Comparative analysis of the X within each of the three physic-geographical zones
of Chernivtsi Region shows the following minimum, maximum, and mean values respectively:
for Plain zone (3.6 < Xr <4.8; m=4.2, SD(+)=0.4); for Foothills zone (3.4 <Xp<5.3; m=4.2,
SD(+)=0.5); and for Mountains (3.7 < Xp < 4.7; m=4.2, SD(+)=0.3). Grasslands of wet
foothills from time to time are perched by groundwater, because the excess moisture is
percolated down to the dead horizon of desiccation.

The important property of soils is also their acidity. The reaction of plant
communities on the soil acidity R expressed by the measure X varies in general within the
study area as follows: 2.3 < X 5.7, m=4.0, (SD(+)=0.8). Within 12 pastures of Plain area
Xy vary between a low of 2.3 and a high of 5.0 with the mean value m = 3.7 (SD(+)=0.9).
Within 12 pastures of Foothills the measure Xy ranges from 3.0 to 5.7 values (m = 4.4,
SD(+)=0.7). The minimum, maximum, and mean values are respectively 3.5 < Xz < 4.5,
m = 3.9 (SD(+)=0.4) for the measure X within 7 pastures of Mountain area. Plain area
has a high diversity of soil types, which may explain the high variety in values of measure
Xy within the plant communities of Plain zone. Foothill area has acidic soils, but also it is
an ecoton between two other zones, which may explain the high range of values of Xj.
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Mountain soils are mostly acidic, that is expressed by mountain plant communities as low
range and variation in plant reaction to the soil acidity.

Table 2
The phytoindication measures X of the study communities’ reactions on factors f

Study grasslands X, of factors f under assess:
F N R L T K
Vikno 4.6 4.7 3.6 7.3 3.8 2.4
Kostryzhivka 4.3 3.9 5.0 7.4 4.3 3.3
Luzhany 4.3 4.0 4.4 7.2 7.2 3.0
Polyana 3.6 3.2 2.5 6.2 2.1 3.0
9 | Chornyvka 3.9 4.3 3.3 6.9 2.9 3.8
S | Zelena 4.3 3.0 2.8 7.3 3.3 3.2
€ | Vovchynec 3.8 4.0 5.0 7.9 5.0 3.5
&~ Stavchany 3.6 3.5 3.7 6.9 2.5 2.6
Grushivey 4.4 5.6 2.3 6.8 3.3 3.2
Myhalkove 4.4 5.1 3.5 7.3 3.9 4.0
Magala 4.8 4.3 4.6 7.2 2.9 3.3
Zarozhany 4.4 2.8 3.2 7.1 2.6 3.1
o | Ternavka 3.7 3.5 5.0 7.5 3.7 3.7
= | Gorbovo 4.3 4.1 4.3 7.1 3.6 3.2
§ Valya Kuzmyna 4.1 3.6 4.6 7.2 4.3 3.9
™ | Myhalcha 3.4 2.3 5.7 7.0 3.1 4.1
Cher. Dibrova 4.2 3.9 4.6 7.2 4.3 3.4
Dubovo 4.1 3.7 5.0 7.5 3.2 3.8
« | Kostynsy 4.6 3.9 43 6.9 3.1 2.7
= | Brusnyca 4.1 3.4 4.4 7.5 3.5 3.6
S | Chereshenka 53 52 3.0 75 2.1 2.4
= Banyliv Pidgirnyj 4.4 3.1 3.2 6.9 2.8 3.1
Krasnoyilsk 4.6 3.6 4.6 7.4 3.5 3.0
Staryj Vovchynec 4.1 4.6 4.5 6.5 3.4 34
Stebnyk 3.7 3.4 4.1 3.9 3.2 3.5
2 | Lopushna 4.0 3.0 4.4 6.4 3.1 3.8
é Selatyn 4.1 3.8 3.8 7.0 3.8 3.1
2 | Shepit 4.0 2.8 3.5 7.2 2.6 3.5
= Dolyshnij Shepit 4.2 3.7 3.6 6.6 2.3 2.9
Percalab 4.7 4.4 4.5 6.9 3.2 3.5

Soil fertility is characterized by bioavailable macronutrients’ supply, including mineral
nitrogen (N). The ecological reactions of plant communities to the soil content of nitrogen Xy
vary from 2.3 to 5.6 (m = 3.8, SD(+) = 0.7) in general within the study pastures of Chernivtsi
Region. The minimum, maximum and mean values of Xy assessed separately within each of the
three physic-geographical zones of the study area are as follows: 2.8 < Xy < 5.6; m = 4.0,
SD(+)=0.8 within the Plain zone; 2.3 < Xy < 5.2; m=3.7, SD(+)=0.7 within the Foothills; and
2.8 < Xy < 4.4; m=3.6, SD(+)=0.5 within the Mountains. This data are consistent with the
studies of soils of Chernivtsi Region that show in general the decrease in soil fertility while
moving in direction from Plain to Mountains physical-geographical zones.

Habitat-climatic conditions of the study 31 pastoral plant communities are expressed
by their reaction on the relative strength of insolation X, thermal regime X7, as well as by
the community resistance Xk to the frequency and length of occurrence of dry periods in
the growing season, as well as to the length of the pre-frost period.

The resistances of the study plant communities to the thermal regime X7 vary from
2.1 to 7.2 (m=3.4, SD(+)=0.9) within the study grassland of the study area. In term of
physic-geographical zoning of Chernivtsi Region the analysis of range and variability of
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X7 values in grasslands under study shows the following results for each of physic-
geographical zones: for Plain zone (2.1 < X7 < 7.2; m = 3.7, SD(+)=1.4); for Foothills
(2.1 £ X7 <43, m = 3.4, SD(+)=0.6); and for Mountains (2.1 < X < 3.8; m = 2.9,
SD(+)=0.6). Our data are consistent with the general data related to the climate thermal
regimes of the study physical-geographical zones showing the decrease in mean daily
temperatures while moving in direction from Plain to Mountains.

The communities’ reactions to the relative strength of insolation is expressed by measure
X, which varies betweena low of 3.9 and a high of 7.9 with the mean value
m = 7.0 (SD(+)=0.7). Our phytoindication data show that the Mountain communities
experience lower insolation (3.9 < X; < 7.2; m = 6.4, SD(+)=0.4) in comparison to the Plain
(62 <X, <79; m= 7.1, SD(+)=0.3) and Foothills (6.5 < X; <7.5; m = 7.2, SD(+)=1.2).
These data are expected due to increase in elevation, which is followed by increase in
transparency of atmosphere. It increases an effective radiation, especially at night. Furthermore,
during the summer seasons, while the solar radiation is highly intensive, the probability of clear
skies in the mountains is at 10—15 % less than in the area between the revers Prut and Dniester.
That highly reduces the direct solar radiation reaching the Earth's surface of the Mountain area.

The measure Xy expresses the community resistance to the frequency and length of
occurrence of dry periods in the growing season, as well as to the length of the pre-frost period.
It changes its values from 2.4 to 4.1 (m = 3.3; SD(+)=0.4) within the study grasslands
throughout the Chernivtsi Region. The grassland communities assessed separately within the
Plain and Foothill areas show the close results in the minimum, maximum, mean values, and
variations of the measure Xx (m ~ 3.2; SD(+)~0.4)., while the mountain grassland communities
show the comparatively lower range and variability of values: 2.9 < Xy < 3.8; m = 3.3,
SD(+)=0.3. That can be driven by intensification of the extreme external conditions. In general
the study area experiences the Temperate Continental Climate which is highly influenced by the
humid air masses from Atlantic. Complex terrain of Chernivtsi Region causes variety in climate
of different zones: in the east it is more continental, and while moving in direction from foothills
to mountains it becomes more severe due to the cold and short summer.

The deviation “r” of plant communities from the reference value, which is assessed
relative to the physical-geographical zone, varies from 1.9 to 11.4 and shows how far each
one of the study phytocenosis is from its climax state (figure). Average values of the
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Fig. 1. Overall deviation “r” of plant communities (a) of the study pastoral grasslands from
the relative reference values, which are the mean values m, of the study factors fassessed
respectively for each of study physic-geographical zone: Plain (b), Foothills (c), and Mountains (d).
Dashed line indicates the average deviation of plant communities within each of the study zones
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deviations assessed separately for each of physical-geographical zones show the decrease in
deviation of plant communities from the reference value while moving from Plain area
toward the Mountains. It can be explained by the decrease of anthropogenic influence on
the study grasslands in direction from plain to mountains.

CONCLUSIONS

An average realized niche of species along the gradients of the study factors of
habitat-climatic conditions, such as: insolation, thermal regime and the degree of
continentality, as well as the following habitat-edaphic conditions: the soil moisture,
acidity, and nitrogen content shows plant communities to be vigorous indicator of external
ecosystem conditions. The deviation of the pastoral plant communities from their potential
climax states increases while moving in direction from the Carpathian Mountains through
the Foothills to the Plain physical-geographical zone of Chernivtsi Region that can be
driven by anthropogenic influence increase in the direction from mountains to plane area.
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