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Abstract: This study was conducted to determine the uptake of essential mineral elements by endemic Salvia absconditiflora species
growing in the natural habitats of Kirsehir province and its dependence on some physical and chemical properties of soil. The plant
and soil samples were collected from 10 different locations. It was found that in the collected plants, K concentration was inade quate
(0.344%), Fe had an excessive amount (541.853 mg kg1), while Cu, Zn, Mn, Mg and Ca concentrations were adequate (6.154 mg kg,
32.610 mg kg1, 43.395 mg kg, 0.507% and 3.650%). The soils had sandy clay loam texture, slight alkaline reaction (pH=7.92), an
average amount of organic matter (3.06%), high amount of calcareous (35.61%) and low amount of soluble salts. It was also
determined that soils had adequate K, Ca and Mg concentrations and 80% of the soil samples had inadequate level of P. Since Cu
concentration was adequate in terms of microelement stock, concentrations of Zn were inadequate (0.292 mg kg1). It was found that
Salvia absconditiflora plant had the ability to grow in the soil with inadequate Zn and Mn.
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1. Introduction

Turkey is famous for growing many medicinal and
aromatic plants and microclimate richness. Salvia species
is one of the important medicinal aromatic plants which
are cultivated widely throughout the world and belongs
to Lamiaceae family. 89 species of Salvia genus have been
identified in Turkey and 45 of these are endemic (Yilar
and Altuntas, 2017).

Salvia absconditiflora (Greuter & Burdet) is a perennial
plant spread between 700 m and 2500 m altitude in
Turkey and has been found to be endemic in lime soils
(Saadia et al., 2010; Dogan et al,, 2017). It prefers dry
habitat like the other Salvia species and survives in the
soil even in drought and at high temperature typically. It
develops well in the places, having low groundwater, in
rocky slopes and sunny places. Alkaline, sandy, loamy soil
with high lime rate and well drainage that warms easily
is ideal for Salvia farming (Yilar and Altuntas, 2017). It is
known that Salvia sclarea L. is a plant tolerant to heavy
metals and can be cultivated in polluted soils. It is
classified as the accumulator of zinc and cadmium and
the hyperaccumulator of lead (Angelova et al.,, 2016).
Kirsehir, the study area, is located in the Central
Anatolian region and in Irano-Turanian Floristic Region.
This area includes the arid and sub-arid regions of the
Anatolian Plateau. No study was found in the literature
including the nutrition elements concentration of Salvia

absconditiflora (Greuter & Burdet) plant growing in
natural ecosystems, the physical and chemical properties
of the soil where it grows and examining the heavy metal
amounts of soil.

This study was conducted to determine the uptake of
basic nutrition elements by endemic Salvia
absconditiflora (Greuter & Burdet) species growing in the
natural habitats of Kirsehir province and its dependence
on soil physical and chemical properties. It will lead the
studies on developing the non-agricultural rural

industries in order to support the rural development.

2. Material and Methods

The plant and soil samples of Salvia absconditiflora
(Greuter & Burdet) growing in the natural flora were
collected from 10 locations in Kirsehir province and its
districts between May and July 2018. Soil sample was
taken from 0-30 cm depth. The collected plant and soil
samples were brought to Kirsehir Ahi Evran University
Central Research and Application Laboratory.

2.1. Analysis Methods of Soil Samples

The soil samples from the studied areas were collected in
accordance with the principles reported by Jackson
(1962), were dried in the laboratory and they were sifted
out through a sieve of 2 mm. The soil reaction was
performed according to Thomas (1996), electrical
conductivity was performed according to Rhoades
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(1996), texture and total calcerous were analyzed
according to Klute et al. (1994), the organic matter was
analyzed according to Nelson and Sommers (1996),
exchangeable K, Ca, Mg, and Na
determination was performed according to Helmke and

concentrations

Sparks (1996), available phosphorus was analyzed
according to Olsen and Sommers (1982). The analyses of
the plant available microelement (Fe, Cu, Zn, Mn) was
performed based on DTPA (diethylenetriamine penta
acetic acid)+TEA (triethanolamine) (pH:7.3) method
stated by Lindsay and Norvell (1978) and the
concentrations of the elements were determined in
Atomic Absorption Spectrophotometer. The available Fe
was evaluated according to the reference range reported
by Lindsay and Norvell (1978), Mn, Zn and P were
evaluated according to Silanpaa (1990), K, Ca and Mg
were evaluated according to Sumner and Miller (1996),
Cu was evaluated according to Follet (1969).

2.2. Analysis Methods of Leaf Samples

Salvia absconditiflora (Greuter & Burdet) plant samples
were washed with tap water and then distilled water,
placed into paper bags separately without using any
metal tool and dried in circulating air drying oven at 65°C
until reaching the fixed weight. The dried plant samples
were pounded in porcelain mortar and were grounded
with a porcelain pestle. They were kept in the locked
plastic bags in a dark and cool environment. The plant
samples were burnt using nitric acid and perchloric acid
mixture following block digestion procedure, defined by
Jones and Case (1990), and the homogeneous extractions
of the samples obtained. The
concentrations of the total Mg, Ca, Mn, Cu, Zn and Fe were
determined in Atomic Absorption Spectrophotometer
and the elemental concentrations of total K and Na were

were elemental

determined in flame spectrometer in the clear solutions.
2.3. Statistical Analysis

The results obtained were assessed by using analysis of
variance and multiple comparison test (Duncan'’s test)
(Genc and Soysal, 2018) of the SPSS software (version
21.0). Cluster analysis was also performed on data sets
obtained through the study (Ali et al,, 2019).

3. Results and Discussion

Figure 1 shows the results of the soil samples analyses
obtained from each location of Salvia absconditiflora
species. When the sand, clay and silt rates were
examined, the texture of studied soils was classified as
sandy clay loam (Ulgen and Yurtsever, 1995), in general.
Accordingly, the habitat has suitable physical properties
in terms of water holding capacity, porosity and
ventilation for plant growing. Dengiz et al. (2007)
reported that a great majority of the surface soil of
Biiytlikcay basin such as 67.6% was included in sandy
clay loam and clay loam texture classes.

The values of basic soil properties: pH and concentration
of total salt, lime, organic matter, phosphorus and
potassium were classified according to the limit values
reported by Ulgen and Yurtsever (1995). The pH values

of soils varied between 7.63 and 8.21, and 100% of them
had slight alkaline properties. The soil organic matter
concentration fell into the middle range and was found to
be between 1.30% and 3.53%. The lime concentration in
soils was quite changeable between 3.45% and 65.28%
and the area was included in a high lime class according
to the average value (Figure 1).
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Figure 1. Analysis values of some chemical properties of
soils.

The elemental concentration distribution of the soils
obtained from each natural location of S. absconditiflora
species was compared using Duncan’s test by performing
one-way analysis of variance (Table 1). It was found that
the K concentration varied between 175.9 and 415.1 mg
kg1, the available Mg between 165.410 and 761.600 mg
kg1, Ca from 6525 to 10045 mg kg1, Na from 251.0 to
285.98 mg kg1, and available P varied between 2.701 and
21.215 mg kgt It was determined that there was no
problem related to K and Mg availability throughout the
studied area and these nutrients were in an adequate
level and the Ca had an excessive concentration.

In the studied area, the existence of the P inadequacy was
determined as a result of the analyses. It was observed
that Salvia absconditiflora plants could grow in soils with
P deficit. It was observed that soils of VI, IX and X among
the study locations had high pH and calcerous values and,
on the contrary, the plant available P concentration was
inadequate. It has also been reported in the studies by
Zhou and Li (2001) that the available P concentration is
low due to high amount of clay and inadequate humidity
in addition to high pH and calcerous concentration.
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Table 1 indicated that according to microelement levels
of the soil samples, the plant available Fe concentration
varied between 0.027 and 2.413 mg kg!, Mn between
1.274 and 8.470 mg kg1, Zn 0.165 and 0.541 mg kg-1, and
Cu varied between 0.027 and 0.747 mg kg1. Accordingly,
it was found that in all of the soil samples, there was
inadequacy of Mn, Fe adequacy limit, while Zn and Cu
were inadequate in 10% of the soil samples and adequate
in 90% of the soil samples.

The results of the analyses performed to determine some
of the macro and micro nutrition elements of Salvia
absconditiflora plant were assessed via Duncan’s test by
performing one-way analysis of variance and were
presented in Table 2. The concentration of K in plants
varied between 0.30% and 0.39%, Ca from 2.50% to
5.75%, Mg 0.26%-0.87% and Na 0.01%-0.02%. When the
micro nutrition elements of the plant samples were
examined, it was found that Fe was between 250.050 and
1357.525 mg kg1, Cu was between 4.600 and 7.260 mg
kg1, Zn was between 20.760 and 43.160 mg kg-! and Mn
was between 7.250 and 93.250 mg kg-1. It was observed
that K was inadequate in all of the collected plant
samples and these plants had high concentration of Ca
and adequate level of Mg. In all of the study soil samples,
K was at an adequate level and all the plants had
inadequate K due to the antagonistic effect of Ca on K.
The Mn inadequacy was determined mostly in the plants
in III location, Zn inadequacy was determined in the
plants in VII location, and Cu inadequacy was determined
in the plants in V location. In general, the micro element
levels of the plants were found to be adequate based on
their average values.

Sardans et al. (2004) have stated that there is a low rate
of extractable P concentration in the calcareous, alkaline
soils with high pH. It has been reported in a study
examining the growth of Pinus halepensis, Rosmarinus
officinalis and Cistus albidus in calcareous and siliceous
soils in PACA region of Southeastern France that there
was higher yield from the calcerous-rich soils and based
on the chemical analysis compound of calcerous soils, the
available P was 44.67 mg kg1, Ca was 9.33 mg kg1, K was
590.20 mg kg1, Mg was 106.02 mg kg1 and the Ca levels
of the soils with high pH were high. When Ca is high in
the soils of arid regions, it has an antagonistic effect on
absorption of some nutrition macro and micro elements.
Many studies have revealed that high concentration of Ca
ion reduces the effectiveness of P in soil and K, Fe and
other elements are converted into forms that plants
cannot benefit. It has been reported that the presence of
high concentration of K in soil does not make a harmful
effect on plants contrary to excessive nitrogen and P or
excessive amount of K that negatively affects the intake
of Fe and Zn by plants (Bosgelmez et al.,, 2001). It has
been revealed that the reasons of the inadequate plant
available concentration of Zn in soil include high pH, clay
percentage, calcerous concentration, low organic matter
and moisture concentration and it was assessed as an
expected result that the plant available Zn is low in the

soils with high pH and calcerous concentration (Abu-
Darwish et al,, 2011). It was recorded that Zn was at least
95.81 mg kg! and Fe was 935.40 mg kg! in Salvia
officinalis species in Ash-Shoubak University research
farm and Cu concentration was between 7.02 and 13.07
mg kg -1 (Abu-Darwish et al.,, 2011).

The calcarous and alkaline soils of the arid and semi-arid
regions with low organic matter lead the amount of plant
available Fe to be inadequate by decreasing the solubility
of Fe. The pH value of many soils containing calcium
carbonate varies between 7.3-8.5 and the Fe solubility
within these limits was at the lowest levels. In addition,
the events such as soil compaction, flood, long-term
precipitation or irrigation
inadequacy. In addition, high amount of Cu causes Fe
inadequacy. Upon organic matter is bonding Cu very
strongly, high amount of available Cu may be observed in
the soils poor in organic matter. It has been reported that
Salvia can grow in the soils polluted by heavy metals such
as Cu and Zn in Southern Europe and it has tolerance to
these metals (Bolat and Kara, 2017). It is reported by
Yilar et al. (2020a) that S. absconditiflora species can
grow in alkaline soils, high CaCOs3 levels, medium organic
matter levels and clay loam soils. In another study, Yilar
et al. (2020b) for Salvia species water saturation 58.3%,
pH 8.09, total salinity 0.008%, total calcerous ratio
14.074%, organic matter 3.501%, K20 98.766 kg da! and
P20s5 3.914 kg da! have obtained data.

Hierarchical clustering analysis was applied to categorize
the physical and chemical properties included in the
plant and soil data set examined in the study based on
their similarities more easily. Figure 2 shows the
dendrogram obtained as a result of the hierarchical
clustering analysis performed in order to categorize the
similarities of 10 different When the
dendrogram demonstrating the cluster analysis results
was examined, it was observed that the soils were
categorized in two main groups. According to the
classifications in dendrogram, II, 1V, VII, VII], IX, and X

excessive cause iron

locations.

locations were perceived to be similar with each other in
the first group and
perceived to be similar in the second group.

I, III, V and VI locations were

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine
0 5 10 1 20 25
1

1 E1==

Figure 2. Dendrogram obtained by Cluster analysis of
Salvia absconditiflora species.
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4. Conclusion

In all of soil samples taken from Kirsehir province and its
districts, potassium was adequate but all of the plants
had inadequate K and this may be associated with the
antagonistic effect of Ca on K. It was observed that K
concentration in most of the plant sample is included in
these limit values. According to the results, Ca
concentrations in the soil and plant samples were
parallel to each other and this was supported by the
previous studies, as well. It was found that Zn, Mn and Cu
had a high concentration in the plant samples of some
areas included in the study.

Studied soils belongs to the class of alkaline soils with
high pH and high calcerous concentration and these
conditions negatively affected mainly Mn intake. It was
determined that the studied soils with average amount of
organic matter had inadequate P concentration for plant
growth, but 70% of them were adequate in terms of K
and 80% of them were adequate in terms of Mg and all of
them were adequate in terms of Ca availability for plants.
According to the plant analysis results, 100% of the plant
samples had inadequate K concentration, an excessive
concentration of Fe and adequate levels of Ca, Mg, Mn, Cu
and Zn. As a result of the analysis performed with Salvia
absconditiflora plant and soil, it was determined that
although Mn nutrition elements were inadequate in the
soil, the plants
adequately. It also could be conclude that soils in III, VII,
IX and X locations had the most suitable properties for
cultivation of Salvia absconditiflora.

absorb these nutrition elements
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