
97

INTRODUCTION

Gypsum-specific plants, called gypsophiles, have a high 
affinity for gypsum soils (1). It is still not clear why gyp-
sophiles have a higher affinity for gypsum soils. Parent 
material, also called substrate, is an important abiot-
ic factor in biodiversity (2). The gypsum and salt-rich 
outcrops are the best model examples of an edaphic 
island-like habitat and contain rare and endemic spe-
cies, many of which are threatened (3). Plant species 

that grow in gypsum soils with high calcium and sul-
fur ratios and have high affinity for gypsum are also 
called edaphic endemics (4). Plants grown in gypsum 
habitats are named specialist plants called gypsophiles 
and generalist plants called gypsovags according to 
their affinity for gypsum (5). These habitats are natural 
wonders of biogeological heritage that contain rare 
and endemic species. Considering the distribution of 
gypsum in the world (6), Turkey is one of the important 
countries. Gypsum areas cover a large area of the Cen-
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ABSTRACT

Objective: The aim of this study is to reveal the biochemical fingerprints of Achillea gypsicola Hub.-Mor., Alyssum nezaketiae 
Aytaç & H.Duman, Onobrychis germanicopolitana Hub.-Mor. & Simon, Paracaryum paphlagonicum (Bornm.) R.Mill and Thymus 
leucostomus Hausskn. et Velen. grown in extreme gypsum habitats with the Attenuated total reflection-Fourier transform 
infrared (ATR-FTIR) technique, and to determine the differences and densities of organic and inorganic compounds reflected 
by extreme environmental conditions. 

Materials and Methods: Using ATR-FTIR spectra, the chemical content of endemic plants was elucidated. In addition, band 
intensities were calculated using the ATR-FTIR spectra. By doing soil analysis, the physical and chemical properties of the 
regions where the plants grow were tried to be understood.

Results: As a result of the detailed analysis of the ATR-FTIR spectra, it was understood that the chemical substance content 
was similar, but the amount was different from plant to plant, regardless of soil. These results showed that the same plant 
species contain different amounts of chemicals.

Conclusion: FTIR spectroscopy is an effective tool that reveals the biochemical fingerprints of plants by contributing to the 
determination of organic and inorganic compounds in the structures of plants grown on gypsum substrates. Our results 
provided evidence for the presence of sulfate from organic molecules and the presence of gypsum and calcium oxalate from 
inorganic compounds. This study, which is the first to determine the biochemical fingerprints of plants growing in gypsum 
habitats in Turkey, will enrich the generality of future studies and the interpretation of other gypsophytes in the world.
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tral Anatolia region (7), and the diversity of endemic plants in 
these areas is also quite high.

Gypsum soils present the extreme physical and chemical 
characteristics of plant species with important adaptations, 
such as gypsophilic flora (8). Habitats with high gypsum and 
salt content are in the position of disjunct areas that are de-
scribed as ecologic islands in regions with arid and semi-ar-
id climatic conditions (3, 9-11). Studies on the determination 
of ecological strategies based on phytochemical analyzes of 
plants grown in gypsum soils have attracted a lot of attention 
recently. However, these studies are based on more floristic 
diversity and elemental composition analyses. Most of these 
studies have been carried out by phytochemical analysis of 
the leaf part of the plant. Phytochemical content analysis in 
other organs of plants is not sufficient. Since the results in 
phytochemical analyses are more general, biochemical finger-
printing techniques that allow the identification of functional 
chemical groups of plants are needed to know whether they 
are the same as comprehensive analyses of plant biochemis-
try. Approaches based on the FTIR technique are important 
in our country, which has a wide range of gypsum habitats, 
in terms of shedding light on the biochemical and physiolog-
ical adaptations developed by plants to survive in harsh envi-
ronments. This study is based on the first biochemical finger-
printing technique to help understand the life of five endemic 
plants growing on gypsum substrates in harsh environments 
which have similar affinity to gypsum.

Attenuated Total Reflection-Fourier Transform Infrared (ATR-
FTIR) spectroscopy has popular biological applications, from 
protein content determination to imaging cancer tissues (12-
14). FTIR spectroscopy, which performs chemical analysis of 
biological samples in a practical, cost-effective, and non-de-
structive way, is a valuable tool in biochemical fingerprinting 
determination and allows the identification of both organic and 
inorganic compounds (15-18). Although the use of FTIR spec-
troscopy is increasing day by day and it is widely used in plants, 
its application to edaphic endemism studies is very rare in the 
literature. Palacio et al. reported the similarities and differences 
of the groups by comparing the FTIR results of the plant groups 
that developed different ecological strategies grown on gyp-
sum (19). Nikalje et al. elucidated the salt stress responses of 
the roots and leaves of the halophyte Sesuvium portulastrum (L.) 
L. by determining the FTIR profile (20). Calcium oxalate crystals 
that occur as intravacuolar deposits (21) are observed in most 
plants growing in gypsum habitats because of adaptation to 
extreme conditions (22). Calcium oxalate, calcium carbonate, 
and amorphous silicas are the most common biominerals (23). 
FTIR spectroscopy also reveals the biochemical activity of the 
organism and the presence of biominerals (24) formed because 
of local accumulation of elements in the extreme environment 
in which it lives (23).

Approaches based on the FTIR technique are important in our 
country, which has a wide range of gypsum habitats, in terms 
of shedding light on the biochemical and physiological adap-

tations developed by plants to survive in harsh environments. 
This study is based on the first biochemical fingerprinting 
technique that will help to understand the life of five endemic 
plants growing on gypsum substrates in harsh environments. 

The aim of this study is to reveal the biochemical fingerprints 
of Achillea gypsicola Hub.-Mor., Alyssum nezaketiae Aytaç & 
H.Duman, Onobrychis germanicopolitana Hub.-Mor. & Simon, 
Paracaryum paphlagonicum (Bornm.) R.Mill and Thymus 
leucostomus Hausskn. et Velen. grown in extreme gypsum 
habitats with the ATR-FTIR technique, and to determine the 
differences and densities of organic and inorganic compounds 
reflected by extreme environmental conditions. The 
biochemical fingerprints of the plants were revealed for the first 
time by analyzing the root, stem, and leaf parts of five endemic 
gypsophytes specific to gypsum substrates with the help of 
ATR-FTIR spectroscopy. In addition, physical and chemical 
analyses of the soil where the plants were grown were done, 
and the results of the ATR-FTIR of the plants were correlated 
with some analysis results of the soil.

MATERIALS AND METHODS

Collection of Plant Species and Study Area
Five gypsophyte plants were selected for analysis: Achillea 
gypsicola Hub.-Mor., Alyssum nezaketiae Aytaç & H.Duman, 
Onobrychis germanicopolitana Hub. -Mor. & Simon, Paracaryum 
paphlagonicum (Bornm.) R.Mill and Thymus leucostomus 
Hausskn. et Velen (Figures 1A, 2A, 3A, 4A, 5A). All of them were 
taken in gypsum soils in May-June 2021. 

Plants were taken as whole individuals from gypsum habitats. 
The plant samples brought to the laboratory were first rinsed 
with tap water and then purified from dirt and soil. Taxonom-
ic identifications of gypsophytes were done according to the 
Flora of Turkey and the East Aegean Islands (25, 26). Also, the 
categories of A. gypsicola, A. nezaketiae, O. germanicopolitana, 
P. paphlagonicum, and T. leucostomus were evaluated accord-
ing to the IUCN Red Data Book (27). The IUCN categories of the 
studied species are VU, CR, EN, LR (cd), and VU, respectively. All 
the examined specimens are preserved in Çankırı Karatekin 
University, Department of Biology as a personal collection.

This study was conducted in gypsum areas between the 
Aşağıpelitözü and Balıbağı villages (750-900 m a.s.l., 40°30’ N, 
33°42’ Çankırı, East of Central Anatolia, Turkey). The study area, 
which is under the influence of a semi-arid Mediterranean cli-
mate, is located within the Irono-Turan phytogeographic region. 
Vegetation was composed predominantly of shrubs, subshrubs, 
grasses and steppe plants, like, Achillea phrygia Boiss. & Balan-
sa, Asperula bornmuelleri Velen, Asperula cankiriense B.Şahin & 
Sağıroğlu, Bromus tomentellus Boiss., Campanula pinnatifida 
Hub.-Mor., Genista albida Willd., Gypsophila parva Barkoudah, 
Gypsophila eriocalyx Boiss., Helianthemum germanicopolitanum 
Bornm., Paracaryum ancyritanum Boiss., Salvia absconditiflora 
(Montbret & Aucher ex Benth.) Greuter & Burdet and Teucrium 
polium L. 
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ATR-FTIR Spectroscopic Analysis
The infrared spectra of dried roots, stems and leaves were ob-
tained by ATR-FTIR spectroscopy, model Thermo Nicolet 6700, 
supplied by OMNIC and recorded at room temperature in the 
wavenumber range from 400 to 4000 cm-1 at a resolution of 4 
cm-1 and 32 scans. The intensities of the bands that could be de-
termined and measured in the ATR-FTIR spectra were calculated 
with the help of the OMNIC software.

Soil Analyses
Soil samples were taken from a depth of 0-20 cm to characterize 
the substrate on which the gypsophytes were grown. After the 
soil samples were brought to the laboratory, they were dried at 
room temperature. Air-dried soil samples are passed through a 
2 mm mesh sieve and stone, etc. The materials were removed 
and made ready for analysis. Soil samples taken from the study 
area were analyzed according to the following methods. The 
electrical conductivity (EC) was measured with a glass electrode 
EC-meter in the soil-water extract prepared at a ratio of 1:1 (28) 
and the soil reaction (pH) were measured with a pH-meter with 
a glass electrode in the soil-water extract prepared at a ratio of 
1:2.5 (29). Exchangeable cations (Ca, Mg, Na and K) were deter-
mined by saturating with 1 M ammonium acetate at pH 7 (30). 
The percentage of gypsum content in the soil was determined 
gravimetrically by comparing samples dried at 60°C and 105°C 
(31).

RESULTS

The results of the ATR-FTIR spectra for the vegetative organs 
of the A. gypsicola, A. nezaketiae, O. germanicopolitana, 
P. paphlagonicum and T. leucostomus are summarized. The 
frequencies and assignments of the identified main peaks are 
given in Table 1. The presence of bands belonging to functional 
groups provided important information about the chemical 
composition of these specialist plants that can survive in harsh 
gypsum habitats.

The S-O bending functional group in the gypsum compound was 
detected at 669 and 600 cm-1, and the O-H stretching functional 
group was detected broadly at 3000-3500 cm-1. The S-O bending 
functional group in the sulphates compound was detected at 
680-630 cm-1 and 900-1180 cm-1. The C-O plane bending func-
tional group in the calcium carbonate compound was detected at 
720 and 875 cm-1. The C-O stretching bending functional group, 
which is also found in the calcium oxalate compound, was de-
tected at 1318 and 1580-1680 cm-1. In addition, another function-
al group in the calcium oxalate compound, COO¯ bending, was 
determined at 775 cm-1. The functional band of long chain (> C4) 
alkane structures was seen at 730 cm-1. The band of aromatic CH2 
functional groups of lignin compound is at 830 cm-1, the band of 
lignin backbone is at 1185-1290 cm-1, the functional band for lig-
nin-phenolic backbone containing aromatic carbons is at 1505-
1510 cm-1, lignin and other bands belonging to aromatic double 
bonds determined to belong to aromatic structures were detect-
ed at 1580-1680 cm-1. The broad band determined at approxi-
mately 950-1100 cm-1 for polysaccharides, silicates, sulphates, 

and phosphates represents the functional groups found in these 
species. Bands defining esters were detected at 1185-1290 and 
1730-1735 cm-1, respectively. Bands of phenolic (lignin) and al-
iphatic structures, carboxylate/carboxylic structures were seen 
at 1380-1480 cm-1. The plane (amide-II) band of N-H in protein-
aceous origin was detected at 1555 cm-1. The bands belonging 
to the carbonyl functional group of the carboxylic acid groups 
were determined at 1707-1703 cm-1. Bands belonging to aliphat-
ic CH2 groups in fats, wax and lipids were seen at 2850-2920 cm-1. 
Hydroxyl bands in cellulosic structures were determined at 3000-
3600 cm-1. The presence of bands belonging to functional groups 
provided important information about the chemical content of 
gypsum species (Table 1).

The band areas of the bands at 900-1180, 1185-1290, 1380-
1480, 1580-1680, 2850-2920 and 3000-3500 cm-1, which can be 
determined for each plant species and can be measured, were 
calculated. The band intensities at 900-1180 cm-1 for the root, 
stem, and leaf parts of A. gypsicola were calculated as 3125, 
2280 and 2900 a.u. (arbitrary units), respectively. It was deter-
mined as 125, 10 and 100 a.u. for the bands at 1185-1290 cm-1. 
Band intensities at 1380-1480 cm-1 were measured at 315, 150 
and 190 a.u. Intensities in the band range of 1580-1680 cm-1 

were calculated as 360, 280 and 490 a.u. The areas of the bands 
at 2850-2920 cm-1 were found to be 215, 250 and 680 a.u. The 
areas of the bands at 3000-3500 cm-1 belonging to the hydroxyl 
band representing the gypsum were calculated as 2750, 2780 
and 2300 a.u., respectively (Figures 1B and C).

Different results were obtained when the band intensities 
of A. nezaketiae were compared with those of A. gypsicola. In 
this context, band intensities were calculated as 2400, 2280 
and 4000 a.u. for root, stem, and leaf at 900-1180 cm-1 in A. 
nezaketiae. The band at 1185-1290 cm-1 was observed only in 
the root with a band with an intensity of 385 a.u., while the 
intensity of this band could not be detected in the stem and 
leaves. Band intensities at 1380-1480 cm-1 were calculated as 
110, 550 and 500 a.u. The intensities of the bands, which are 
thought to belong to lignin and other aromatics and observed 
at 1580-1680 cm-1, were found as 360, 160 and 200 a.u. Band 
intensities at 2850-2920 cm-1 were calculated as 520, 400 and 
335 a.u. Hydroxyl band intensities were found in this plant 
species in 1880, 2100 and 1850 a.u. (Figures 2B and C).

In the qualitative analysis of the root, stem, and leaf of O. ger-
manicopolitana, band intensities at 90-1180 cm-1 were found 
to be 3400, 245 and 3350 a.u., respectively. Band intensities at 
1185-1290 cm-1 were calculated as 140, 150 and 180 a.u. The 
band intensities of the functional groups at 1380-1480 cm-1 
were determined as 530, 220 and 360 a.u. The band intensi-
ties of the aromatic C=C double bonds at 1480-1580 cm-1 were 
found to be 850, 550 and 420 a.u. Band intensities of symmetric 
and antisymmetric aliphatic functional groups were calculated 
as 750, 670 and 1280 a.u. The band intensities of the hydroxyl 
stretch band at 3000-3500 cm-1 were found to be 2850, 5025 
and 6200 a.u., respectively (Figures 3B and C).
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Figure 1. A. Achillea gypsicola habit (from Çankırı province). B. ATR-FTIR spectra of A. gypsicola. C. Graph of band intensities of A. gypsicola.

Figure 2. A. Alyssum nezaketiae habit (from Çankırı province). B. ATR-FTIR spectra of A. nezaketiae. C. Graph of band intensities of 
A. nezaketiae.
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The following data were obtained because of the calculation of 
the band intensities for the root, stem, and leaf parts of the P. 
paphlagonicum. 3700, 2250 and 2670 a.u. band intensities were 
determined for the 900-1180 cm-1 band range. For the 1185-
1290 cm-1 range, band intensities were calculated as 275,190 
and 110 a.u., respectively. The band intensities of the functional 
groups at 1380-1480 cm-1 were found to be 210, 280 and 56 a.u. 
The intensities of the bands at 1580-1680 cm-1 were calculated 
as 320, 300 and 250 a.u. Band intensities of 150, 510 and 521 a.u. 
were calculated for the band range at 2850-2920 cm-1. The band 
intensities of the hydroxyl groups of gypsum in the plant spe-
cies at 3000-3500 cm-1 were found to be 3350, 2400 and 2910 
a.u., respectively (Figures 4B and C).

Finally, the regions and intensities of the bands that can be 
detected in the ATR-FTIR spectra and whose band intensities 
can be measured were determined for root, stem, and leaf 
of T. leuscotomus. The band intensities in the broad band at 
900-1180 cm-1 were found to be 2500, 2620 and 3000 a.u., 
respectively. The band intensities of the functional groups at 
11850-1290 cm-1 were calculated as 230, 50 and 85 a.u. While 
the band intensities at 1380-1480 cm-1 were calculated as 480, 
120 and 350 a.u., the band intensities at 1585-1680 cm-1 were 
found as 275, 350 and 530 a.u. The intensities of the bands at 
2850-2920 cm-1, which are thought to belong to oils, lipids, and 
waxes, were calculated as 595, 675 and 1250 a.u. The intensities 
of the broad band at 3000-3500 cm-1 were found to be 4850, 
2550 and 3600 a.u., respectively (Figures 5B and C).

In summary, at the 900-1180 cm-1 band content, the variety of 
inorganic compounds (silicates, phosphates, and sulphates) is 
more than organic compounds (polysaccharids). It was deter-
mined that the C-O-C stretching, C-N stretching, C-O stretching 
of phenolic and/or aryl-methyl ethers bending seen at 1185-1290 
cm-1 were very high in terms of organic compounds including es-
ters, amide, and indicative of lignin backbone. It was determined 
that the C-H deformations, symmetric C-O stretch from COO¯ 
or stretch and OH deformation, C-O stretching bending seen at 
1380-1480 cm-1 were very high in terms of organic compounds 
including phenolic (lignin) and aliphatic structures and carbox-
ylate/carboxylic structures (humic acids). It was determined 
that the symmetric and antisymmetric CH2 stretching bending 
seen at 2850-2950 cm-1 were more abundant in terms of organic 
compounds including fats, wax, and lipids. It is understood from 
the band intensities that the roots, stems and leaves of the five 
gypsophytes, the gypsum inorganic compound belonging to the 
broad O-H stretching bending seen at 3000-3500 cm-1, are in ex-
cess in the ATR-FTIR spectra (Table 1, Figures 1C-5C).

The plant species selected in this study were selected from 
plants grown in gypsum habitats. Knowing the physical and 
chemical properties of the substrate, that is, the soil, on which 
these gypsophytes grow, has helped to understand the ex-
treme conditions under which gypsophytes grow. For this pur-
pose, soil properties such as pH, electrical conductivity (EC), 
exchangeable Ca, Mg, Ca, K, cation exchange capacity (CEC), 
exchangeable sodium percentage (ESP), gypsum content (%) 

Figure 3. A. Onobrychis germanicopolitana habit (from Çankırı province). B. ATR-FTIR spectra of O. germanicopolitana. C. Graph of band 
intensities of O. germanicopolitana.
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Figure 5. A. Thymus leucostomus habit (from Çankırı province). B. ATR-FTIR spectra of T. leucostomus. C. Graph of band intensities of T. 
leucostomus.

Figure 4. A. Paracaryum paphlagonicum habit (from Çankırı province). B. ATR-FTIR spectra of P. paphlagonicum. C. Graph of band 
intensities of P. paphlagonicum.
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were also analyzed (Table 2). According to the soil physical anal-
ysis, the pH is 7.76 and the EC value is 2.76 dS m-1. Exchangeable 
Ca, Mg, Ca, K values are 27.04, 4.33, 1.09 and 0.41 meq/L, respec-
tively and CEC is 26.81 meq/100g. The ESP, gypsum values are 
7.64 and 68%, respectively.

DISCUSSION

The functional groups and band intensities of the root, stem, 
and leaf parts of five different gypsophiles were measured by 
ATR-FTIR. The functional groups of A. gypsicola, A. nezaketiae, O. 
germanicopolitana, P. paphlagonicum, and T. leucostomus, en-
demic to gypsum soils, were similar. Nedyalkova et al. detect-
ed that the S-O bending band at 611 cm-1 and showed similar 
results in this study as it was seen at 605-610 cm-1 in gypsum 
plants (32). Ashfag et al. recorded the wave number of the S-O 
bending band as 669 cm-1 in sulfates, and the related band was 
observed at 665-670 cm-1 in this study (33). Jha et al. determined 
that the S-O stretching vibrations in sulfates at 1100-1200 cm-1 
and reported that the band width and density increased with 
the overlapping of each band in plants (34). In the literature, the 
band of aromatic CH2 functional groups of lignin is at ~830 cm-1, 
the band of lignin backbone is at ~1185-1290 cm-1, the func-
tional band for lignin-phenolic containing aromatic carbons is 
at ~1505-1510 cm-1, lignin and other bands belonging to aro-
matic double bonds determined to belong to aromatic struc-
tures were detected at ~1580-1680 cm-1 (19, 35, 36). Within the 
scope of this study, results compatible with the literature were 
obtained for the wavelengths mentioned in the ATR-FTIR spec-
tra. Palacio et al. reported the presence of sulfates, phosphates, 
silicates, and polysaccharides at 1150-950 cm-1 in the ATR-FTIR 
spectra of gypsum plants (19). In this study, the broad band ob-
served at 1200-950 cm-1 was attributed to the functional groups 
of these species. Since the functional bands of silicate, sulfate, 
phosphate, and polysaccharides of plant species came to the 
same spectrum region, the band was seen as very broad at 950-
1200 cm-1. In the literature, hydroxyl bands of cellulose contain-
ing structures with broad hydroxyl bands have a broad band 
at 3000-3500 cm-1 (37). The broad band of cellulosic groups 

found in plants is due to dense hydroxyl groups. The presence 
of bands belonging to functional groups provided important 
information about the chemical content of gypsum plants.

In this study, the presence of gypsum, one of the inorganic 
compounds, is observed in the vegetative organs of 
gypsophytes. Palacio et al. reported the presence of gypsum 
inorganic compound in the leaves of wide gypsophiles in their 
FTIR spectroscopic studies with gypsophiles and gypsovags (19). 
The presence of gypsum compound is compatible with studies 
(38, 39) specific to Turkey on the phytochemical compositions 
(as total ash, Ca, and S) of gypsum plants. Duvigneaud and 
Denaeyer-DeSmet suggested that S accumulates in the form 
of calcium sulphate (40), but for the first time Palacio et al. 
reported the presence of the mineral gypsum (19). The presence 
of mineral gypsum, which is one of the inorganic compounds 
from gypsophytes, was reported for the first time in Turkey 
with this study. He et al., suggested that plants that can survive 
in gypsum soils form oxalate and sulfate crystals to detoxify 
excess Ca and S (41). The presence of calcium oxalate crystals in 
the vegetative organs of the plants in this study also supports 
the results (42). Kayabaş and Kurt reported that Aethionema 
turcica and A. dumanii, which are gypsovags grown on gypsum, 
contain high N (39). Palacio et al. have documented that 
gypsophite Lepidium subulatum has a high N, amino acid, and 
protein content (43). The presence of protein, peptide, amino 
acid, and other organic compounds in gypsophytes with high 
N content may be due to both N and S richness. These results 
indicate that the phytochemical content of the plant will be in 
parallel with the results of ATR-FTIR spectroscopy. This study has 
also documented that the ATR-FTIR technique is a very valuable 
method for the removal of biochemical fingerprints of plants, 
since performing these and similar studies with the help of 
the ATR-FTIR technique provides positive benefits in terms of 
practicality, time and cost.

When the main soil characteristics summarized in Table 2 are 
examined, according to the Baize criteria (44), the soil in which 
the plants grow shows data saline characteristics. About 10% of 
the earth is affected by soil salinity and/or sodicity (45). The sum 
of the exchangeable cations (Ca2+, Mg2+, Na+, K+), which signifi-
cantly affect the physicochemical properties of the soil, is equal 
to the cation exchange capacity (CEC). The best indicator for 
calculating this ratio is the calculation of the percent exchange-
able sodium (ESP). ESP is the ratio of exchangeable sodium to 
the CEC of the soil (28). Exchangeable cations significantly affect 
the physicochemical properties of the soil. The ESP value of the 
gypsum soil analyzed in this study is 7.64%, and the ESP values 
are between 0.4-76.5 % when the literature is examined (27, 45-
52). Hazelton and Murphy described the soils with 6-14% ESP 
value as sodium (53). Since the ESP value of the soil analyzed in 
this study is 7.64%, it also shows high sodium feature. Soils with 
an ESP value of 6-14% are considered sodium rich (53, 54). High 
salinity and sodium in the soil negatively affects germination 
and growth (55). The high percentage of gypsum and sodium 
content in gypsum soils causes the gypsophytes growing in 
these habitats to adapt to extreme conditions and thus to spe-

Table 2. Main soil characteristics (n=3)

pH 7.76

EC (dS m-1) 2.76 (very saline)

Exchangeable Ca (meq/L) 27.04 

Exchangeable Mg (meq/L) 4.33

Exchangeable Na (meq/L) 1.09

Exchangeable K (meq/L) 0.41

CEC (meq/100 g) 26.81

ESP (%) 7.64

Gypsum (%) 68
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cialize in gypsum. The presence of gypsum crystals may not be 
relevant to survival strategy in high gypsum-containing soils. 
There is no gypsum crystal in every plant that grows in soils 
with high gypsum content and has high S content (42).

As a result, FTIR spectroscopy is an effective tool that reveals the 
biochemical fingerprints of plants by contributing to the deter-
mination of organic and inorganic compounds in the structures 
of plants grown on gypsum substrates. Our results provided ev-
idence of the presence of sulfate from organic molecules and 
the presence of gypsum and calcium oxalate from inorganic 
compounds. This study, which is the first to determine the bio-
chemical fingerprints of plants growing in gypsum habitats in 
Turkey, will enrich to the generality of future studies and the 
interpretation of other gypsophytes in the world.

CONCLUSION 

Our study investigated the fingerprint properties of endemic 
gypsophytes which are grown in gypsum habitats by using FTIR 
techniques. Additionally, the characteristic FTIR spectra of the A. 
gypsicola, A. nezaketiae, O. germanicopolitana, P. paphlagonicum 
and T. leucostomus were obtained. In this study, the ATR-FTIR 
technique was applied for the first time in Turkey for plants 
growing in gypsum habitats. By performing the chemical 
analysis of the ATR-FTIR spectra of the plants and the gypsum 
soil in which the plants grew, data on the chemical contents of 
these plants were obtained to understand their adaptation to 
extreme habitats. ATR-FTIR spectra were taken from vegetative 
organs of each plant. With the help of functional groups in 
the ATR-FTIR spectra, the chemical contents of gypsophytes 
were elucidated. By calculating the band intensities, it was 
determined that each plant species and part had different 
chemical contents. For the first time, within the scope of this 
study, changes in band intensities were calculated by using 
ATR-FTIR spectra and information about the chemical content 
and amount of gypsophytes was presented within the scope of 
this study. This study will shed light on many future studies on 
the chemical analysis gypsophytes.
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