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ABSTRACT

This paper aim was to analyze ivy leaves behavior on various environments. This
species is evergreen, common in numerous habitats, growing on trees or on soil.
Therefore, Hedera became a widely used species in air and urban environment quality
studies. Assessments on ivy leaves are not expensive and they can be done rapidly. For
this study, four data sets were used. The samples were collected from a beech forest, at
250 m asl. The first set was collected from trees and the second set was represented by
leaves grown on top of the soil. The third data set was collected from the surface of
trees grown in Cathedral Park, Timisoara and the fourth data set was obtained from
an intense circulated boulevard in Timisoara. The samples were dried in an oven and
then incinerated. The analyzed indices were: leaf dry weight, leaf ash content, tissue
mineral deposition, leaf organic matter and leaf organic content. Statistical analysis
conducted to numerous variations between the study samples. After the completion of
the analysis of variance, the values were found to be heterogeneous. Significant
differences between data sets were found.

KEY WORDS: organic content, leaf features, evergreen species, bioindicator, urban
habitat

INTRODUCTION

Hedera helix L., commonly known as ivy, is an evergreen (i.e. foliar material
can be sampled throughout the year), perennial plant, native in the Northern
Hemisphere zones, North America, Western, Southern and Central Europe, and Asia
(Al-Snafi, 2018). The genus Hedera L., which belongs to the family Araliaceae Juss.,
has twelve species (McAllister & Marshall, 2017) common to the vegetation of the
Europe and Asian continents. Of these, the species H. helix L. has an extensive
European-Mediterranean area of distribution. Species and cultivars of the genus
Hedera differ between them by a host of morphological and biological characteristics.
The diversity across their growth pattern, size, shape, and coloration of the leaf lamina
plays the greatest role in ornamental gardening, but also for the ability to tolerate really
intense insolation (Khailenko et al. 2021).

This species leaves were widely used for the treatment of chronic
inflammatory bronchitis and productive cough (Cwientzek et al. 2011; Stauss-Grabo et
al. 2011). Moreover, studies confirmed the antifungal, anti-inflammatory,
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animicrobial, antioxidative, antitumor and spasmolytic activities of H. helix leaves
extracts (Trute et al. 1997; Mendel et al. 2011; Greunke et al. 2015).

The biologically active compounds which offer the medical benefits of H.
helix are triterpene saponins (Fazio et al. 2009; Stauss-Grabo et al. 2011; Greunke et
al. 2015;). a-hederin in particular is one of the triterpene saponins that mostly offer all
effects of H. helix and leaf has f2-adrenergic activity (Sieben et al. 2009; Stauss-Grabo
etal. 2011).

Ivy leaves showed to be a suitable bioindicator for urban PM and metal
pollution assessments. It is an evergreen plant widely available in Romania, as well as
in most Europe, and offers a great potential for air pollution biomonitoring with a high
temporal- and spatial- resolution. Time-integrative monitoring is of particular interest
as most PM related- health impacts are also due to long-term exposure (Castanheiro et
al. 2016).

The cultivation of ivy as an ornamental plant dates back about 150 years
(Khailenko et al. 2021). At present, ten species introduced into the culture have more
than two thousand varieties, most of which belong to the species H. helix L. (H. helix
L., H. rhombea Hort.)

Urban habitats frequently present altered abiotic and biotic conditions,
including elevated levels for artificial light (Russ et al. 2015), drier soils and higher
temperatures (Kuttler, 2008), but also a greater ecosystem fragmentation in a matrix of
sealed surface (Alberti, 2015). Trace metals that appear due to human activity are of
particular interest within airborne particulate matter (PM), given its non-degradability
in the environment (Qian et al. 2014). As the main air contaminant, particulate matter
(PM) represent a mixture of solids and liquids, comprising heavy metals, black carbon,
chemical elements, polycyclic aromatic hydrocarbons and other substances in the air
(Bell et al. 2011). Yang et al. (2005) discovered that 772 tons of PMy in Beijing are
removed in one year by city plants. In a Flemish research on the chemical composition
of PMyg, the elements Cr, Cu, Fe, Mn, Pb and Zn, were identified as traffic-related
species (Vercauteren et al. 2011). Urban zones are therefore unique, challenging our
traditional understanding of how species assemblages may have an influence on
stability, ecosystem functioning, and ecosystem service delivery (Kowarik, 2011;
Alberti, 2015; Datcu et al, 2017; Datcu et al, 2018; lanovici et al, 2020).

The transfer of metals to the biosphere (Koci¢ et al. 2014) as constituents of
particulate matter is one of the most complex part from the air pollution problem.
Moreover, socio-economic circumstances and human decisions act as further selection
and facilitation filters for community structure and biodiversity in various emerging
ecosystems, giving the possibility for novel species to form assemblages (Kowarik,
2011; Swan et al. 2011). Also, the functional composition of species assemblages may
have shifted due to modified biotic and abiotic conditions (Williams et al. 2009;
Kowarik, 2011), leading to short-lived and non-native plant species and to the
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dominance of seed producing (Concepcion et al. 2015; Williams et al. 2015; lanovici,
2020).

The aim of this study was to evaluate the behavior of a known bioindicator in
urban, urban green and green areas, using some gravimetric and ecophysiological
indices for leaves tests.

MATERIALS AND METHODS

The biological material to be assessed was represented by leaves belonging to
Hedera helix. For this study, four data sets were used, each represented by 25 leaves.
The samples from the first and the second data sets were collected from a beech forest,
from Hunedoara County, situated on 250 m asl. in October 2020. The first set (data set
1) was collected from trees and the second set (data set Il) was represented by leaves
grown on top of the soil. The third sample set (data set 111) was collected from the
surface of trees grown in Cathedral Park, Timisoara and the fourth sample set (data set
IV) was obtained from an intense circulated boulevard in Timisoara. The last sets were
collected in May 2021 and can be considered young. The leaves were intact and
healthy.

An analytical balance (Kern model) with the precision of 0.0001 g was utilized
for all mass measurements. All the samples were dried in an oven (Sauter model) at
100 °C for 2 hours and weighed, resulting leaf dry weight (LDW). Dried probes were
incinerated to ash in a furnace (Nabertherm model) at 500 °C for 2 h. After the
completion of the cooling process, the mass of the leaf ash content (LAC) was
determined. Leaf ash content is the inorganic residue left after burning the organic
matter and represents the mineral content of leaves (lanovici, 2016; lanovici et al,
2017). Using this parameter, some indices were calculated, as follows: TMD — Tissues
mineral deposition (Eg. 1), LOM — Leaf organic matter (Eg. 2), LOC — Leaf organic
content (Eq. 3)

TMD = (£} 1000 (1)

LOM = LDW — LAC (2)

LOC = (100=LOM) 3)
LDW
Statistical processing was realized using Microsoft Office Excel 2016 and
PAST Software 3.20 (Hammer et al. 2001). ANOVA test was accomplished.
Probability (p) values less than 0.05 were considered significant.
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RESULTS AND DISCUSSIONS

Table 1 presents the minimal and maximal values of the analyzed indices for
Hedera helix leaves from four different sites.

LDW presented the lowest value for the probes from data set Il and the biggest
between the probes of the fourth data set (Table 1). LAC presented the lowest value for
a probe from data set 1V and the highest for a probe from the second data set. TMD
presented the lowest and the maximum values for probes from data set Il. LOM had
the minimum between the probes of the second data set and maximum between the
probes of the fourth set. LOC presented both, the minimum and the maximum for
probes belonging to data set II.

LDW presented the biggest mean for the probes from the data set IV and the
lowest values for the probes from the second data set (Fig. 1).

LAC presented the biggest mean for the probes belonging to the first data set
analyzed and the lowest mean value for the third data set (Fig. 2).

TABLE 1. Minimal and maximal values obtained for the analyzed indices
Dataset | Value | LDW (g) | LAC(g) | TMD (%0) | OM (g) | OC (%)
min 0.0208 0.0019 91.3461 0.0189 | 80.9434
max 0.1024 0.0192 190.5660 | 0.0832 | 90.8653
min 0.0170 0.0017 38.6363 0.0128 | 75.2941
max 0.0973 0.0100 | 247.0588 | 0.0873 | 96.1263
min 0.0181 0.0012 62.1259 0.0169 | 89.7226
max 0.1069 0.0092 102.7732 | 0.0977 | 93.7864
min 0.0204 0.0010 49.0196 0.0194 | 87.8620

v max 0.1536 0.0146 121.3793 | 0.1390 | 95.0980
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FIG 1. LDW (g) values for all data sets analyzed (box FIG 2. LAC (g) values for all data sets analyzed (box plots
plots with mean + SE) with mean + SE)
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FIG 3. TDM (%o) values for all data sets analyzed (box  FIG 4. LOM (g) values for all data sets analyzed (box plots
plots with mean + SE) with mean + SE)

TDM had the highest mean values for the probes belonging to data set | and
the lowest mean values for data set 4 (Fig. 3).

LOM had the highest mean value for the probes belonging to the fourth data
set and the lowest mean values for the probes from the second data set (Fig. 4).

LOC had the highest mean value for the probes belonging to the data set 1V
and the lowest mean value for the probes from the first data set analyzed (Fig. 5).

Table 2 presents the results obtained after the completion of ANOVA test.
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FIG. 5. LOC (%) values for all data sets analyzed (box plots with mean + SE)
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TABLE 2. Analysis of variance between the analyzed data sets for LDW, LAC, TMD, OM and OC on H. helix

Parameter Levene's test Welch F test
F df p
LDW (g) 0.000709 2.131 52.32 0.1074
LAC () 0.008196 5.112 51.92 0.003567
TMD (%o0) 0.01116 46.84 49.6 1.67E-14
OM (g) 0.000562 2.731 52.18 0.05307
0OC (%) 0.01116 46.84 49.6 1.67E-14

All data were heterogeneous. In this case we applied F Welch test. The values
of LAC (p = 0.003567), TMD (p = 1.67E-14) and LOC (p = 1.67E-14) were
significantly different for the studied sets. LDW (p=0.1074) and OM (p=0.05307) did
not presented significant variations. For the samples collected from the soil surface
(data set I1), leaf dry weight and organic matter presented the lowest means, although
these parameters did not presented a p lower than 0.05. Also, the samples collected
during the spring (data sets Il and IV) did not present high ash content values,
probably because they were young.

Urban trees and herbs has been ordinarily documented to influence positively
the problem of atmospheric pollution through PM accumulation (Janhéll, 2015; Weber
et al. 2014). Plants are known to filter air pollutants including NOy, CO; and SO,
(Yang et al. 2005; Ottele et al. 2010) and there are numerous species which provide
additional ecosystem services such as biodiversity, urban heat island mitigation and
improved aesthetics (Abhijith et al. 2017; Weber et al. 2014).

Ivy is a species widely found in urban ecosystems, with morphological
particularities that allow rapid assessments. The micro-morphological features of plant
leaves, with irregular structure, promote the accumulation of different atmospheric
particulates on their surface (Grote et al. 2016; Weerakkody et al. 2018).

Leaves dust depositions are principally influenced by specific leaf structure,
plant species, the type of plant, atmospheric conditions (Litschke and Kuttler, 2008;
Mo et al., 2015; Chen et al. 2017). Also, the tolerance to pollution in plants depend on
the biochemical indices like total chlorophyll content, relative water content, abcisic
acid content, leaf extract pH (ascorbic acid content total chlorophyll, relative water
content and leaf extract pH (Agarwal, 2017).

In the case of Hedera, differences between the analyzed indices appeared for
tissue mineral deposition, ash content and organic content. Thus, leaves accumulated
different types of compounds depending on the zone. Further studies are necessary to
observe possible bioindicator and bioaccumulation potentials on ivy leaves.

CONCLUSIONS

The study purpose was to analyze ivy leaves behavior regarding
ecophysiological and gravimetrical traits. The species presented variations for some
indices, when the plants grown in different environments. The data were
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heterogeneous and significant differences appeared in the case of leaf ash content,
tissue mineral deposition and organic content. For the samples collected from the soil
surface, leaf dry weight and organic matter presented the lowest means. Also, the
samples collected during the spring did not present high ash content values.
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