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Abstract. In the Black Sea biogeographical region on the territory of Bulgaria there are only two Salinas — Atanasovsko lake and Pomorie lake. Since 1980 the
north part of Atanasovsko lake has been declared nature reserve. Since 1999 the northern a part of the lake has been re-categorized as Managed Nature
Reserve according to the new Protected Areas Act. Since 2001 Pomorie lake has been declared Protected Site. The aim of the study was to assess the
relationship between soil salinity and halophyte plants distribution — Salicornia europaea agg., Bassia hirsuta (L.) Asch. and Petrosimonia brachiata (Pall.)
Bunge on the territory of both protected areas. The period of investigation was between September and October, 2013. A total of 22 soil samples were taken
from a depth of 0— 20 cm. In each sample taking point vascular plants of Salicornia europaea aggr., Bassia hirsuta and Petrosimonia brachiata existing there,
were also collected. The collected soil samples were analyzed for electrical conductivity (EC), pH, CI', CO, and HCO, content. The soil from the studied
territory of Atanasovsko lake Manage Nature Reserve was characterized with alkaline to strong alkaline reaction and high level of salinity. The alluvial deposit
from Pomorie lake Protected Site was characterized with neutral to alkaline reaction and light to high salinity. Salicornia europaea forms populations on
alkaline soil, with salinity from 2 to 44 mS/cm, but dominates on high salinity soil, above 14 mS/cm. Bassia hirsuta forms populations on soil with neutral to
moderate alkaline reaction and from light to high salinity, with EC up to14 mS/cm. Petrosimonia brachyata forms populations on alkaline soil, from light to

moderate salinity, with values of EC from 2to 6 mS/cm.

Keywords: electrical conductivity, soil salinity, salinas, Salicornia europaea aggr., Bassia hirsuta, Petrosimonia brachiata

Introduction

Salt and alkaline lakes could be found on every continent.
Within salt lakes, alkaline wetlands form a hydro chemically distinct
group. They include numerous large lakes, but the majority are
shallow, often seasonal still wetlands. Bare, dry lakebeds are
characterized by scattered, annual halophytic plants (Boros, 2003).
A halophyte is a plant that completes its life cycle in a salty
environment and shows optimal growth in the presence of very high
concentration of salt. Some of these halophytes have specialized
morphological adaptations to cope with high salinity, such as
glandular hairs or succulence (Z6rb etal., 2013). On the other hand,
the large majority of plant species, which include all major crop
plants are damaged by salinity (Penkov et al., 1985; Zaprianova et
al.,2007; Zérbetal., 2013)

In the Black Sea biogeographical region on the territory of
Bulgaria there are only two Salinas — Atanasovsko Lake and
Pomorie Lake. The objects of our study were soil salinity and
distribution of halophytes Salicornia europaea agg., Bassia hirsuta
(L.) Asch. and Petrosimonia brachiata (Pall.) Bunge on the territory
of both lakes. The northern part of the Atanasovsko lake has been
declared Nature Reserve (State gazette, Ne 70/1980). Since 1999
the northern part of the lake has been re-categorized as Managed
Nature Reserve according to the new Protected Areas Act (1998).
Atanasovsko ezero is hyper saline near the coastline, divided in two
parts by the road Bourgas — Varna. Both parts of the lake have been
salt-pans since 1906. The lake level is about 1 m lower than the sea
level. Pomorie lake is a natural hyper-saline lagoon, being part of the
* e-mail: todorova72@yahoo.com

most significant complex of wetlands along the Bulgarian Black sea
coast — Burgas Wetlands. It is separated from the Black Sea by a
sand bar. Since 2001 Pomorie lake has been declared Protected
Site.

The climate in the study area is continental-Mediterranean. The
absolute maximum of temperature exceeds 40°C, while the
absolute minimum is — 20.3°C. (Tsenkova-Bratoeva et al., 2010).
The average precipitation value is between 520 and 580 mm. The
highest values are reached in June and November, and the lowest —
in August and September. The annual average air temperature is 12
- 13°C, and the temperature in January varies between 20.5 -
21.5°C.

There are many publications found in the literature about the
vascular plants in Pomorie lake Protected Site and Atanasovsko
lake Managed Nature Reserve (Grozeva, 2004, 2005; Grozeva et
al., 2004; Stojanov, 2010), but a few of them reported controversial
results about the relationship between soil salinity and halophyte
plant distribution. For instance, Ivanova et al. (2006) reported soil
salinity in the sand bar near Pomorie lake from 659 to 850 mg/g
which values are too low for halophyte plants from Bassia,
Petrosimonia, Salicornia, whereas Stimer et al. (2010) reported that
species from genus Salicornia grow well at 70 g/l dissolved solids.

The present study attempts to answer two main questions: 1. Is
there any difference of level of salinity between the territories of
Atanasovsko and Pomorie lakes which are inhabited by
communities of annual halophytes from Bassia hirsuta,
Petrosimonia brachiata, Salicornia europaea aggr., 2. Does soil
salinity level influence the distribution of those halophytes.
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Material and methods

Sample collection

The period of investigation was between September and
October, 2013. The location maps of the studied areas and sampling
points of Pomorie lake and Atanassovsko lake are shown on Figure
1. Atotal of 22 soil samples were taken from a depth of 0 — 20 cm. In
each sample taking point the plants from Bassia hirsuta,
Petrosimonia brachiata, Salicornia europaea agg. existing there
were also collected. Soil samples were air-dried and then passed
through a sieve with a 2 mm mesh. Soil samples were analyzed for
electrical conductivity (EC) and pH. Soil pH was determined on air-
dry samples using 1:2.5 soil water ratio. EC (mS/cm) was measured
using 1:5 soil water ratio and used as an indicator of salinity
(Popandova, 2001). The level of salinization was evaluated
according to values of EC, mS/cm (Table 1). Determination of CI,
CO, and HCO, content was performed according to classical
chemical methods. Content of SO,” was determined by UV/VIS
spectrophotometer DR 5000 Hach Lange (Germany).

To assess the status of the population of Bassia hirsuta,
Petrosimonia brachiata, Salicornia europaea agg. methodology for
monitoring vascular plants in Bulgaria has been used. The voucher
specimens are deposited in the herbarium of the Institute for
Biodiversity and Ecosystem Research, Bulgarian Academy of
Sciences (SOM).Chemometrics was used to establish relations
between the soil properties and distribution of the vascular plants in
the studied areas. Principal component analysis (PCA) was applied
to the experimental data to assess the relationship between values
of EC and pH in soil samples and distribution of the samples in
multimensional space. Chemometrics was carried out by
Unscrambler X 10.2 (CAMO Software AS, Norway).
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Results and discussion

Soil salinity in both protected areas

The descriptive statistics of values of the EC for the soil samples
from the territory of Pomorie lake Protected Site and Atanasovsko
lake Managed Nature Reserve are presented on Figure 2. According
to the soil saltiness scale the samples were classified as different
level of salinization from light to high saline. A difference of the level
of soil salinity between both studied areas was found. Forinstance,
soil samples from the territory of Atanasovsko lake are characterized
with more salinization than samples from the territory of Pomorie
lake. The minimum values of EC 1.78 mS/cm of samples from
Pomorie lake were lower than the minimum values of EC in samples
from Atanasovsko lake with EC 2.59 mS/cm. The same trend was
found with average and maximum values. The mean values of
electrical conductivity of the soil samples from the area of
Atanasovsko lake were two times greater than those for the samples
from Pomorie lake. The maximum value of EC (42.6 mS/cm) of the
samples from Atanasovsko lake area was much higher than that of
Pomorie lake samples, EC=12.61mS/cm.

The studied territory of Atanasovsko lake is occupied by Lake
Solonchaks, which are characterized by water dissolved salts
content with high level of salinity (Trendafilov, 2001). Therefore, the
soil samples from Atanasovsko lake were characterized by alkaline
reaction with values of pH (H,0) between 8 and 9.2 in comparison to
the samples from Pomorie lake with values of pH (H,0) between 7.1
and 8.9, which characterized the neutral to alkaline reaction of the
samples (Figure 3).

Acorrelation between EC and values of pH in the samples from
the present study with R = 0.60 was found. Alkaline reaction and high
values of EC in saline soils were mainly due to the presence of water-

Google eartt
:

Google earth

Figure 1. Location map of studied area and sampling points from the territory of Pomorie lake Protected Site and

Atanasovsko lake Managed Nature Reserve.
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Table 1. Classification of saline soils according to EC values

Table 2. Water dissolved salts in the studied samples

Classification of saline soils EC, mS/cm Minimum  Average = Maximum
Non saline <1 HCO, , meq/100 g 0.15 0.31 1.35
Light saline 1-4 S0,7, meq/100 g 0.02 0.26 0.93
Moderate saline 4-8 Cl, meg/100 g 0.43 5.57 21.0
High saline 8-16
typically contains 40 grams per liter (g/l) of dissolved salts, mostly
EC mS/cm sodium chloride. Kolev et al. (2013) reported that the surface ion
45 496 concentrations of salts evaporated from Black sea water were with
40 ' higher values of CI' =47.40 at,% as comparedto HCO, =2.09 and
C0,=0.26 at,%. The main reason of salinity in the studied areas was
35 capillary rise from high ground water due to sea water influence.
30 Evaporation of water by capillarity resulted in salt accumulation on
the soil surface (Stimer etal. , 2010).
25 With regard to chloride content in the samples, the chloride
20 concentrations in the samples from the Atanasovsko lake area were
higher than Pomorie lake, the ranges were between 3.8 and 21
15 meq/100 g and between 2. 710 9. 5 meq/100 g, respectively (Figure
4).

10 Based on the data for chloride content and EC values,
5 correlation between chloride content and EC values in the soil
0 | solution (R =0.79) was found (Figure 5). By increasing the chloride

Pomorie lake Atanasovsko lake content, the EC values of soil solution also increased.
O min  maverage B max Relationship between soil salinity and halophyte plants

Figure 2. EC values, mS.cm™ in the soil samples
from Pomorie lake Protected Site and Atanasovsko
lake Managed Nature Reserve

soluble chlorides with values between 0,43 and 21 meq/100 g for all
soil samples (Table 2). Carbonates were not established in the soil.
The content of water-soluble sulphates and hydrogen carbonates
was low — between 0. 02 and 0. 93 meq/100 g and from 0. 15 to
1. 35 meq/100 g, respectively. It is not surprising that sea water

pH (H,0)
95

9.2

8.5

8.3

7.5 1

6.5

Pomorie lake Atanasovsko lake

O min MW average M max
Figure 3. The values of pH (H,0) in the soil samples
from Pomorie lake Protected Site and Atanasovsko lake

Managed Nature Reserve

distribution

On the territory of Pomorie lake the population of Bassia hirsuta
is characterized by the greatest number and area, whereas in the
researched areas of the Atanasovsko lake Salicornia europaea agg.
is dominating. Populations of Petrosimonia brachiata are limited in
number and area.

On the basis of the values of EC and pH for soil samples
Principal component analyses were performed to investigate the soil
samples distribution in multimensional space (Figure 6). In the score
plots, the grouping of objects can be recognized. Factor 1 explained
93% of the data variance, and formed clearly one group of soil

CI' meq/100g
25
21

20
15
10 9.5
5

27 3 ﬁ
0 - ‘

Pomorie lake Atanasovsko lake

O min MW average M max

Figure 4. The values of CI', meq/100 g in the soil
samples from Pomorie lake Protected Site and
Atanasovsko lake Managed Nature Reserve
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Figure 5. Relationship between CI', meq/100 g content and EC values in the soil samples.
samples. PC1 completely described variable — soil electrical between 7.1-8.9. Under these soil conditions the dominant species

conductivity, therefore EC is the more dominant soil parameter for
group formation than pH. Soil samples belonging to that group are
characterized by light to high salinity, with EC values between 2 - 14
mS/cm and with neutral to moderate alkaline reaction with pH values

was Bassia hirsuta. There is the second scattered group of samples
inthe PCAspace with five soil samples with alkaline soil and high soil
salinity from 6 to 44 mS/cm. Under these soil conditions the
dominant species was Salicornia europaea agg. Figures 7 and 8

10
8
6
O
<4
=
N\
£ 2 ] []
0o L ]
n‘ L' m [
4 | : : : : : :
-10 -5 0 5 10 15 20 25 30 35 40
PC-1(93%)
Petrosimoni Salicornia
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brachiata europaea agg.

Figure 6. Score plot of the soil samples on the first two principal components according to values

of pH and EC
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graphically illustrate the distribution of Salicornia europaea agg.,
Petrosimoinia brachiata and Bassia hirsuta according to EC and pH
(H,0) values in soil samples. The species from genus Salicornia
form a population in the soil salinity from 2 to 44 mS/cm and is
predominant in salinity above 14 mS/cm. According to the present
study, Petrosimonia brachiata grew in the slight saline soils on both
of the studied territories with EC values from 2 to 6 mS/cm.
Therefore, halophytes such as Salicornia europea agg. and Bassia
hirsuta form populations in different soil salinity level. Simer et al.
(2010) also reported that species from genus Salicornia as
Salicornia fragilis survive in higher soil salinity than Petrosimonia
brachiate. The authors pointed higher values of EC = 67.62 and
49.13 dS/m as compared to the data in our study. Zérb et al. (2013)
also reported that Salicornia fragilis grew at EC values of 64 dS/min
the upper soil layer and about one-half salinity at depth of 510 cm
(33dS/m) and Petrosimonia brachiata grew at 48 — 49 dS/m at depth
up to 5 cm, but salinity values strongly decreased at 5 to 10 cm and
10 to 15 cm to values of approximately 16 — 28 dS/m. Therefore, one
of the reasons for lower soil salinity established in our study is
because of the depth of soil samples taken from 0 to 20 cm.
Salicornia europaea grew in alkaline soil with pH above 8.1,
whereas Bassia hirsuta could be grown on soil with neutral to
moderate alkaline reaction.

Conclusions

The soil from the studied territory of the Managed Nature
Reserve near Atanasovsko lake is characterized by high level of
salinity and alkaline to strong alkaline reaction. The studied alluvial
deposit from the territory of Pomorie lake Protected Site is
characterized by light to high salinity and neutral to alkaline reaction.
Salicornia europaea agg. forms populations in Pomorie lake
Protected Site and Atanasovsko lake Managed Nature Reserve on
alkaline soil, with salinity from 2 to 44 mS/cm, but dominates on high
salinity soil, above 14 mS/cm.

Bassia hirsuta (L.) Asch. forms populations in both protected
areas on soil with neutral to moderate alkaline reaction and from light
to high salinity, with EC up to14 mS/cm. Petrosimonia brachiata
forms populations in both lakes — Pomoriisko and Atanasovsko on
alkaline soil, from light to moderate salinity, with values of EC from 2
to6 mS/cm.
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Instruction for authors

Preparation of papers

Papers shall be submitted at the editorial
office typed on standard typing pages (A4,
30 lines per page, 62 characters per line).
The editors recommend up to 15 pages for
full research paper ( including abstract
references, tables, figures and other
appendices)

The manuscript should be structured as
follows: Title, Names of authors and
affiliation address, Abstract, List of
keywords, Introduction, Material and
methods,Results, Discussion, Conclusion,
Acknowledgements (if any), References,
Tables, Figures.

The title needs to be as concise and
informative about the nature of research. It
should be written with small letter /bold, 14/
without any abbreviations.

Names and affiliation of authors
The names of the authors should be
presented from the initials of first names
followed by the family names. The
complete address and name of the
institution should be stated next. The
affiliation of authors are designated by
different signs. For the author who is going
to be corresponding by the editorial board
and readers, an E-mail address and
telephone number should be presented as
footnote on the first page. Corresponding
authorisindicated with *,

Abstract should be not more than 350
words. It should be clearly stated what new
findings have been made in the course of
research. Abbreviations and references to
authors are inadmissible in the summary. It
should be understandable without having
read the paper and should be in one
paragraph.

Keywords: Up to maximum of 5 keywords
should be selected not repeating the title
but giving the essence of study.

The introduction must answer the
following questions: What is known and
what is new on the studied issue? What
necessitated the research problem,
described in the paper? What is your
hypothesis and goal ?

Material and methods: The objects of
research, organization of experiments,
chemical analyses, statistical and other
methods and conditions applied for the
experiments should be described in detail.
Acriterion of sufficient information is to be
possible for others to repeat the experi-
mentin order to verify resullts.

Results are presented in understandable

tables and figures, accompanied by the
statistical parameters needed for the
evaluation. Data from tables and figures
should not be repeated in the text.
Tables should be as simple and as few as
possible. Each table should have its own
explanatory title and to be typed on a
separate page. They should be outside the
main body of the text and an indication
should be given where it should be
inserted.

Figures should be sharp with good
contrast and rendition. Graphic materials
should be preferred. Photographs to be
appropriate for printing. lllustrations are
supplied in colour as an exception after
special agreement with the editorial board
and possible payment of extra costs. The
figures are to be each in a single file and
their location should be given within the
text.

Discussion: The objective of this section
is to indicate the scientific significance of
the study. By comparing the results and
conclusions of other scientists the
contribution of the study for expanding or
modifying existing knowledge is pointed
out clearly and convincingly to the reader.
Conclusion: The most important conse-
quences for the science and practice
resulting from the conducted research
should be summarized in a few sentences.
The conclusions shouldn't be numbered
and no new paragraphs be used.
Contributions are the core of conclusions.
References:

In the text, references should be cited as
follows: single author: Sandberg (2002);
two authors; Andersson and Georges
(2004); more than two authors: Andersson
et al.(2003). When several references are
cited simultaneously, they should be
ranked by chronological order e.g.:
(Sandberg, 2002; Andersson et al., 2003;
Andersson and Georges, 2004).
References are arranged alphabetically by
the name of the first author. If an author is
cited more than once, first his individual
publications are given ranked by year, then
come publications with one co-author, two
co-authors, etc. The names of authors,
article and journal titles in the Cyrillic or
alphabet different from Latin, should be
transliterated into Latin and article titles
should be ftranslated into English.
The original language of articles and books
translated into Englishisindicated in
parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, ifin the Cyrillic, Mongolian =

Mo, Greek = Gr, Georgian = Geor.,
Japanese = Ja, Chinese = Ch, Arabic = Ar,
etc.)

The following order in the reference list is
recommended:
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volume, pages. Example:

Simm G, Lewis RM, Grundy B and
Dingwall WS, 2002. Responses to
selection for lean growth in sheep. Animal
Science, 74, 39-50

Books: Author(s) surname and initials,
year. Title. Edition, name of publisher,
place of publication. Example:
Oldenbroek JK, 1999. Genebanks and
the conservation of farm animal genetic
resources, Second edition. DLO Institute
for Animal Science and Health,
Netherlands.

Book chapter or conference proceedings:
Author(s) surname and initials, year. Title.
In: Title of the book or of the proceedings
followed by the editor(s), volume, pages.
Name of publisher, place of publication.
Example:

Mauff G, Pulverer G, Operkuch W,
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of
unconverted and converted C3. In:
Provides of the Biological Fluids (ed. H.
Peters), vol. 22, 143-165, Pergamon
Press. Oxford, UK.

Todorov N and Mitev J, 1995. Effect of
level of feeding during dry period, and body
condition score on reproductive perfor-
mance in dairy cows,IX" International
Conference on Production Diseases in
Farm Animals, September 11-14, Berlin,
Germany.

Thesis:

Hristova D, 2013. Investigation on genetic
diversity in local sheep breeds using DNA
markers. Thesis for PhD, Trakia University,
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not
responsible for incorrect quotes of
reference sources and the relevant
violations of copyrights.

Animal welfare

Studies performed on experimental
animals should be carried out according to
internationally recognized guidelines for
animal welfare. That should be clearly
described in the respective section
“Material and methods”.
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