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WELCOME NOTES

You are welcome to our V. AGBIOL Conference that is organized by Trakya University. The
aim of our conference is to present scientific subjects of a broad interest to the scientific
community, by providing an opportunity to present their work as oral or poster presentations
that can be of great value for global science arena. Our goal was to bring three communities,
namely science, research and private investment together in a friendly environment of Edirne,
Turkey in order to share their interests and ideas and to get benefit from the interaction with
each other.
In September 2018, we organized the first AGBIOL Conference with more than 700 scientists
and researchers from all over the world with over 800 scientific papers. Due to COVID-19
situation, Il. AGBIOL 2020 has organized fully on-line event which was one of the biggest
online conferences in recent years in the world with 499 papers and 1133 authors with 333 oral
and 166 e-poster presentations from 55 countries. Due to COVID-19 situation, AGBIOL 2021
was organized online again. AGBIOL 2022 conference was organized with a worldwide
participation from 44 countries over 522 papers contributed by over 1300 authors.
There is a worldwide participation from 33 countries 833 papers contributed by over 2000
authors with 522 oral and 311 poster presentations in AGBIOL 2023.
The AGBIOL 2023 will be normal participation as well as with online participation in Trakya
University Balkan Congress Center in Edirne, Turkey on 18-20 September, 2023. The program
will include oral talks by invited prominent scientists and oral and e poster presentations by
participants in selected topics from the submitted ABSTRACTSs focusing on Agriculture,
Biology and Life Sciences topics.
With care for our nature and environment, we aim the green congress, meaning that as little as
possible papers will be used. ABSTRACT book will be published in electronic book and will
be distributed to the participants on flash memory stick as well as by e mail for online
participants. All the e-posters should be prepared in electronic form and then submit to via the
conference e mail and will exhibit in electronical poster boards as well as in online e poster hall
in our web page during the conference.
The participants with paid conference fee will be able to access all the normal and virtual
presentation talks in each session, as well as to visit the virtual poster hall via preliminary
provided participant ID and codes. The selected ABSTRACTs will be published in the
Conference ABSTRACT and Proceedings Book. Participants might send us their full papers,
which based on their preferences will be published either in our Conference ABSTRACT and
Proceedings Book or in selected International Indexed Scientific Journals.
Conference Topics:
Agriculture, Forestry, Life Sciences, Agricultural Engineering, Aquaculture and Biosystems,
Animal Science, Biomedical science, Biochemistry and Molecular Biology, Biology,
Bioengineering, Biomaterials, Biomechanics, Biophysics, Bioscience, Biotechnology, Botany,
Chemistry, Chemical Engineering, Earth Sciences, Environmental Science, Food Science,
Genetics and Human Genetics, Medical Science, Machinery, Pharmaceutical Sciences, Physics,
Soil Science.
We would like to thank all of you for joining this conference and we would like to give also
special thanks to our sponsors and collaborators for giving us a big support to organize this
event.
Prof Dr Yalcin KAYA
Head of the Organizing Committee
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ABSTRACT

A precise knowledge of existing forest resources, as well as their evolution, should focus
essentially on the floristic composition and on the structure of valuable species. This study aims
to evaluate the productivity of Pinus halepensis and its evolution in the forest of Terni Monts
Tlemcen (Algeria). For this study, four plots were randomly selected. Stationary data and
dendrometric measurements were carried out on all the trees of each plot in order to assess the
floristic diversity of this forest. The inventories carried out on 368 trees made it possible to
determine 7 species distributed in 6 genera and 4 families of which the Fabaceae is the dominant
one. The average values of the highest diversity indices are H' (1.3) and D (0.60). The highest
percentage of Aleppo pine is 29% in plot 3. The average density of Aleppo pine stems is 75
individuals/ha, representing an average basal area of 0.84 m2/ha and an average volume of 5.12
m3/ha. These results will enable the decision maker and concession holders to implement a
better sustainable forest management strategy.

Keywords: Forest, Pinus halepensis, diversity, dendrometric, management strategy.

INTRODUCTION

Algeria is the largest country on the African continent after Sudan. This geographical location
gives it a particular climatic and ecological diversity. This vast territory is very diversified by
its climate, its relief, its soils and its natural vegetation (Letreuch Belarouci, 1995). Algeria has
one of the most diverse and original flora of the Mediterranean basin where it has 3139 species
divided into 150 families. The Aleppo pine (Pinus halepensis Mill.) is considered as a main and
essential component of the Mediterranean forest and represents a high value forest capital by
the majority of countries around the Mediterranean and more particularly in Algeria (Boudy,
1950; Nahal,1962).

In Algeria, the Aleppo pine covers 35% of the wooded areas in the north, i.e. around 850,000
ha. It forms significant forests with variable ecological values (Bentouati and Baritea, 2006;
Guit et al., 2015). It is largely located in its natural state in the eastern and central regions of
the country, mainly on the Atlas, Tellian and Saharan mountains (Guit et al., 2015). This
species, which is present in all bioclimatic stages, from the coast to the Saharan Atlas, finds its
optimum growth mainly in semi-arid zones (Kadik, 2005; Djerrad, 2016). Its great plasticity
and robust temperament have made it a pioneering species for major reforestation (Quézel,
2000; Kadik, 2005; Guit et al., 2015; Djerrad, 2016). Aleppo pine wood can be used, after
removal of the resin, for the manufacture of paper pulp (Nahal, 1962; Soltani, 2016) Pine buds,
very resinous, also have a medicinal use, as balsamics and diuretics, transformed in particular
into syrups and lozenges (Zenzen, 2016). Our work consists in inventorying the stand of Pinus
halepensis in the forest of Tessera Mramet region of Terni Monts de Tlemcen (Algeria) using
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dendrometric measurements. Knowledge of the dendrometric parameters of forest species in
plantations is an important element for decision-making, particularly those relating to
management interventions for this species and to enhance it.

MATERIALS AND METHODS
Presentation of the study area

The Tlemcen region is located in the west of the country, it falls under the semi-arid bioclimatic
stage with cold winters. The forest of Tessera Mramet region of Terni is located between the
coordinates (34.758209°/ 34.773545°) of north latitude and

(-1.326612°/ -1.348188°) of west longitude (Figure 1). It extends over an area of 1379 ha,
consists entirely of maquis of which 647 ha are dense and 732 ha are clear (B.N.E.D.E.R, 2008).

%
0 »
# " +.
th
~ ’ y -
~
- § . T
5
3 -
- ¥
A.367755° 1.348188* A.328812" -1,305776" $
Projection : UTM WGS 84 O
0 2km
Fordd de texsars
©  Stationa d'dtude

Data gathering

The dendrometric characterization is carried out by means of a forest inventory on the stands
of 4 square plots of 0.09 ha in the study area where station and dendrometric data are collected
at the level of each sampling unit. Inside each of them, the diameter at breast height (dbh) and
the total height are measured for each individual. Height is the most important characteristic for
measuring or estimating volume. The study of the heights makes it possible to appreciate the
fertility of the stations. The inventory of regeneration to concern woody plants with a diameter
of less than 5 cm.

Data processing

The data collected is processed and the parameters concerned are:
- Basal area is a good indicator of site richness. It is calculated by the following ratio:
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g = c2/4m (c: circumference at 1.30m).

- The total basal area is the sum of the cross-sections at 1.30m from the ground of all the trees
in the stand, it is expressed in square meters, reduced to the hectare (Rondeux,1999).

- The density corresponds to the number of trees on a given surface per hectare (N/ha).
N=ni/s
ni: number of trees in a plot; s: area of the plot in ha.

- Average height is used to calculate the productivity and the average volume m3/ha of the
Aleppo pine stand. Their uses are becoming increasingly widespread in the practice of the
forestry profession (Lecomte, 2008). The arithmetic mean height of the stand is determined by
the following mathematical equation:

H= X hi/Nt
H: average height (m); hi: total height of a tree; Nt: Number of trees measured.

- Diversity indices used for the analysis of the state of each plot:

= Species richness

One of the first indices of diversity is species richness (SR). This index assesses the number of
tree species in the stand (Parde and Bouchon, 1988). Although it makes it possible to distinguish
diversity according to the number of species, it does not give any information on the weight of
each species in the mixture (Gongalves et al., 2010).

=Shannon index

Shannon Index (H”) is an example of a distance-independent algorithm (Shannon, 1948). This
index is undoubtedly the index most used to describe the diversity of species. It makes it
possible to express diversity by taking into account the number of species and the abundance
of individuals within each of these species. Thus, a community dominated by a single species
will have a lower coefficient than a community in which all species are codominant (Grall and
Coic, 20006). If only one species is recorded in the plot, the Shannon H' index is equal to zero.
For k species with equal proportions, H' corresponds to In (Pi) (Keren et al., 2020). It derives
from information theory and measures the entropy of a sample, or the “saturation” of the
community. The index (H") is given by the formula:

RS
H' = Z Piln Pi
i-1

Pi: ni/N; RS: total number of species; ni: number of individuals of a species in the sample; N:
total number of individuals of all species in the sample.

= Equity Index

The evenness index (E) is the ratio between the calculated diversity H' and the maximum
theoretical diversity H'max which is represented by the log2 of the total richness S (Blondel,
1979). This index varies from zero to 1 (Barbero et al., 1987). An equitability equal to 1
corresponds to a community whose numbers are perfectly evenly distributed between the

18



V. International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 18-20 September 2023

species, i.e. where all the species have the same number of individuals. Evenness is O when a
single species dominates. Thus, equitability takes into account the potential absolute diversity
of the community represented by H'max, thus reflecting the capacity of the system to support S
species represented with equivalent proportions. This index measures equitability in relation to
a theoretical equal distribution for all species:

E = H'/H'max
H’max: log S (number of species)

=Simpson's diversity index (D) is obtained by the formula:
D =X fi2 and fi = ni/N

Ni: number of individuals of the given species; N: total number of individuals.
The maximum diversity being represented by the value 1, and the minimum diversity by the
value zero (Rita, 2000).

RESULTS AND DISCUSSION

The inventory carried out at the level of the study forest made it possible to determine 7 species
(Quercus ilex, Pinus halepensis, Juniperus oxycedrus, Cupressus sempervirens, Abies alba,
Rosa canina, Quercus canariensis) divided into 6 genera and grouped into 4 families. Holm oak
is the dominant woody species. The most represented families are the Fagaceae followed by the
Cupressaceae. The results of this study showed that the Aleppo pine stands have percentages
that vary from 21% in plot 1 to 29% in plot 3 (Figure 2).

WPl mP2 mP3 P4

Figures 2. Aleppo pine frequency from four plots.
The average values of species richness, Shannon diversity index, and Piélou evenness are
presented in Table 1.
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Table 1. Diversity indices.

Plots RS H’ E D
P1 43 0.9 0.43 0.23
P2 81 1.3 0.32 0.29
P3 50 1 0.41 0.25
P4 194 0.72 0.6 0.13
Average 92 0.98 0.13 0.225

According to the previous results, the studied forest massif is not very diversified. The Shannon
index varies from 0.72 to 1.3. The values of the diversity index of Simpson are variable, its
minimum is recorded for P2 (0.32) and its maximum for P4 (0.60), this difference explains that
the floristic diversity is low in this forest where the most dominant species takes the high
potential. Evenness tends towards 0, which explains the dominance of a single species (holm
oak). We can conclude from these data that this forest is in a state of weakness and very
advanced degradation due to the lack of species caused mainly by anthropogenic pressure and
the impact of climate change which has been in place for a long time.

According to the results in Table 2, the average density of Aleppo pine at stand level is 75
individuals/ha with an average basal area of 0.84 m?/ha and a volume of 2.66 m>.

Table 2. dendrometric parameters of the study plots.

Parameters P1 P2 P3 P4 Average
N/ha 33 55 44 167 75
G (m?/ha) 0.68 0.18 0.39 212 0.84
D (cm) 16.24 6.05 10.35 13.2 11.46
H (m) 7.06 3.97 5.62 6.04 5.67
V (m?3) 2.49 0.37 1.13 6.65 2.66

The analysis of the average diameter and height, which are respectively 11.45cm and 5.67m,
indicates that the Aleppo pine stand in this forest is dominated by young individuals. The
analysis of the dendrometric parameters shows that the plots are characterized by a low density
due to the increase in competition between the trees, especially in relation to environmental
resources. The average density of Aleppo pine is 75 individuals/ha. This density is lower
compared to that of the forest of Hamimet (Oum EI Bouaghi), which is around 378
individuals/ha (Yahi et al., 2021) and that of Chettaba (Constantine) which is 442 individuals/ha
(Rached-Kanouni et al.,2020). Structural characteristics are major indicators for measuring the
qualitative and quantitative evolution of forest stands (Oosterhoon and Kappelle, 2000). The
population density of Aleppo pine in the Terni forest is low compared to other forests in Algeria.
The difference in stand densities could be related to the ecological characteristics of the study
environments, including soil types, topography, climate, cover and especially the altitudinal
gradient (Rabiou et al., 2015 ; Rached-Kanouni et al.,2020). We note that this pine is in good
condition, with the absence of insect attacks such as the pine processionary caterpillar.

CONCLUSION
The national forest of Tessera Mramet Terni Monts Tlemcen is considered as a forest area not

very rich in terms of biological diversity, it is in the form of matorral. This forest is composed
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mainly of holm oak which is currently in a much degraded state by fires, anthropogenic
pressures. It is also composed of Aleppo pine which is a very interesting reforestation species
in terms of wood production, soil protection and the development of other products. The
objective of this study is to know the current state of the Aleppo pine in the national forest of
Tessera Mramet. The results show that the density, the specific richness, the basal area and the
volume of Aleppo pine are low in this forest. It is important to take these results into
consideration for the proposal of a management plan necessary for the management of this
stand, in particular through silvicultural work for improvements and the protection of this stand
against environmental problems.

REFERENCES

Letreuch Belarouci, N., 1995. Reflection on forest development: areas with production
potential. The objecf. OPU. Algiers 69p.

Boudy, P., 1950. North African forest economy, volume 2 (Monograph and treatment of forest
species). Edit. Larose, Paris, France, 619p.

Nabhal, 1., 1962. The Aleppo pine, Taxonomic, phytogeographical, ecological and Sylvicultural
study. Annals of the National School of Waters and Forests. 19 (4): 533-627.

Bentouati, A., Bariteau, M., 2006. Reflection on the decline of the Atlas cedar of the Aurés
(Algeria). Mediterranean Forest, XXVII (4): 317-322.

Guit, B., Nedjimi, B., Guibal, F., Chakali, G., 2015. Dendroecology of Aleppo pine (Pinus
halepensis Mill.) according to site parameters in the Senalba forest massif (Djelfa —
Algeria). Journal of ecology. (Earth Life), 70: 32-43. http://hdl.handle.net/2042/56308

Kadik, L., 2005. Phytosociological and phytoecological study of Aleppo pine formations (Pinus
halepensis mill) of the Algerian semi-arid bioclimatic stage. Doctoral thesis in natural
sciences. USTHB. Alger. 350p.

Djerrad, Z., 2016. Phytoecological study of Aleppo pine (Pinus halepensis Mill.) provenances
from the central part of the Saharan Atlas, comparison of morphological and chemical
variability with the semi-arid eastern Algerian pine forests. Doctoral thesis in natural
sciences. USTHB, Fac. Sc. Biol., Algiers. 182p.

Queézel, P., 2000. Taxonomy and biogeography of Mediterranean pines (Pinus halepensis and
P. brutia). In: Ne'eman G, Trabaud L, editors. Ecology, Biogeography and Management
of Pinus halepensis and P. brutia Forest Ecosystems in the Mediterranean Basin
Backhuys, Leiden. The Netherlands. 1-12.

Nabhal, 1., 1962. The Aleppo pine, Taxonomic, phytogeographical, ecological and Sylvicultural
study. Annals of the National School of Water and Forests; 19 (4): 533-627.

Soltani, A., 2016. Typology and Fertility of Aleppo pine stations in the Benjloud forest (Saida),
dissertation, master in forestry, univ. Tlemcen, 141 p.

Zenzen, W., 2016. Use of S.1.G for the analysis of the structure of the Ouennougha forest in the
Wilaya of Bordj Bou Arréridj, dissertation, master in forestry, univ. Tlemcen 60p.
B.N.E.D.E.R., 2008. National forest inventory study, report on the characterization of forest

formations (Wilaya of Tlemcen).

Rondeux, J., 1999. Measuring forest stands. Gembloux, Belgium, Les Presses agronomiques,
Gembloux, 522 p.

Lecomte, H., 2008. Dendrometry, Preparation for accession to the degree of graduate in
forestry. Training Department.

Parde, J., Bouchon, J., 1988. Dendrometry. 2nd ed.E.N.G.R.E.F. , Nancy. 328p

Gongalves, C. C., Paiva, P. C., A., Dias, E. S., Siqueira, F. G., Henrique, F., 2010. Evaluation
of the cultivation of Pleurotus sajor-caju (Fries) Sing. on cotton textile mill waste for
mushroom production and animal feeding. Ciencia e Agrotecnologia, 34 (1): 220-225.

21


http://hdl.handle.net/2042/56308

V. International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 18-20 September 2023

Shannon, C.E., 1948. “A Mathematical Theory of Communication”. In: The Bell System
Technical Journal 27: 379-423.

Grall, J., Coic, N., 2006. Synthesis of methods for evaluating the quality of benthos in coastal
environments. European University Institute of the Sea. University of Western Brittany
Laboratory of Marine Environmental Sciences. 7-86.

Keren, S., Svoboda, M., Janda, P., Nagel, TA., 2020. Relationships between Structural Indices
and Conventional Stand Attributes in an Old-Growth Forest in Southeast Europe. Forests,
11(1): 4. https://doi.org/10.3390/f11010004.

Blondel, J., 1979. Biology and ecology. Ed. Masson, Paris, 173 p.

Barbero, M., Bonin, G., Loisel, R., Quézel, P., 1987. Incidence of exogenous factors on the
regeneration of Pinus halepensis after fires. Ecologia Mediterranea. 13:51-56.

Rita B. (2000). Analysis of the spatial distribution of objects in a landscape. Registration form,
Ecosystem Management Lab (GECOS), Lausanne, 18p.

Yahi, D., Redjaimia, L., Haddad, A., Zerrouki, A., Rached-Kanouni, M., 2021. Valorization
and characterization of the forest of el Hamimet (Alegria).. SGEM International
Multidisciplinary Scientific GeoConference EXPO Proceedings Section ecology and
environmental studies.

Rached-Kanouni, M., Hani, I., Bousba, R., Beldjazia, A., Khammar, H., 2020. Structural
variability of Aleppo pine stands in two forests in northeastern Algeria. Biodiversitas
21(6): 2848-2853. https://doi.org/10.13057/biodiv/d210663.

Oosterhoon, M., Kappelle, M., 2000. Vegetation structure and composition along an interior-
edge-exterior gradient in a Costa Rica montane cloud forest. For. School. Manage. 126:
291-307. https://doi.org/10.1016/S0378-1127(99)00101-2

Rabiou, H., Diouf, A., Bationo, B.A., Segla, K.N., Adjonou, K., Kokutse, A.D., Radji, K.,
Kokou, R., Mahamane, A., Saadou, M., 2015. Structure of natural populations of
Pterocarpus erinaceus Poir. In the Sudanese domain, in Niger and Burkina Faso. Woods
and forests of the tropics. 325(3):72-83.https://doi.org/10.19182/bft2015.325.a31274

22


https://doi.org/10.3390/f11010004
https://doi.org/10.13057/biodiv/d210663
https://doi.org/10.1016/S0378-1127(99)00101-2

V. International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 18-20 September 2023

DETERMINATION OF SOME WILD PLANT SPECIES CONSUMED AS
VEGETABLES IN FETHIYE (MUGLA)

Omer Faruk COSKUN

'Hatay Mustafa Kemal University, Faculty of Agriculture, Department of Horticulture, Hatay,
Turkey
*Corresponding author’s e-mail: omerfaruk.coskun@mku.edu.tr

ABSTRACT

Some plants that spread spontaneously in nature and are not cultivated are important in
terms of human nutrition and their contribution to the economy locally. There are many plant
species that grow naturally in Fethiye and its surrounding vegetation and are considered as
vegetables. In this study, the plants considered as vegetables, the general characteristics and
consumption patterns of these plants were determined by conducting field studies in Fethiye
and its surroundings. In the region, 27 plant species belonging to 15 families, which are most
evaluated as vegetables, were identified. The families with the highest number of species are
Brassicaceae, Polygonaceae and Amaranthaceae. Seasonally, these plants are collected by the
public, mostly in the spring, they are sold in the markets and consumed. Some of these plants
are dried, frozen, canned, but most of them are consumed raw. Determining the wild plant
diversity adapted to the natural environment will provide important benefits in the studies on
plant breeding in the future.

Keywords: Fethiye, vegetable, wild plants

INTRODUCTION

Turkiye is one of the countries rich in plant diversity. Turkiye's geographical structure
and different ecological conditions are the most important factors of this diversity. Turkiye is
the primary or secondary homeland of many plant species. Wild relatives of many cultivated
plant species have found wide distribution. Changes in climate and topography in Turkiye have
also led to an increase in habitat types and thus the rate of endemism. Turkiye has 9.222 plant
species and a total of 12.006 taxa, with 2.981 endemic species and 3.778 endemic taxa. Until
2011, the number of taxa in the flora of Turkiye increased to 12.755 (Kayike1 et al., 2012).
Studies to determine this genetic resource richness of Turkiye are increasing rapidly.

Since ancient times, human beings have benefited from the plants around them in
various ways. Since ancient times, some plant species have grown spontaneously in nature and
have been used as food by humans. Humans have collected and consumed plants as food
throughout history (Turner et al., 2011). These plants, which grow in the natural environment
and are not exposed to any human intervention, have also become important in terms of their
medicinal effects (Sekeroglu et al., 2005). However, lifestyle changes have led to reductions in
the collection and use of wild plants. This situation causes a decrease in traditional knowledge
about wild plants considered as vegetables (Luczaj et al., 2012; Menendez-Baceta et al., 2017).

23



V. International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 18-20 September 2023

In Turkiye, which has a rich plant diversity, many wild plant species are collected and
consumed as vegetables by the public. Awareness of plants considered as vegetables in the
world and in Turkiye has increased recently. It is important to maintain the plant collection
traditions related to the plants considered as vegetables in order to ensure food safety and
sustainability. The names and characteristics of wild plants, which are considered as vegetables,
have been transferred from generation to generation through oral and written sources.

Wild plants considered as vegetables are an important part of the Mediterranean food
culture (Luczaj and Pieroni, 2016). Mugla city is very rich in terms of endemic plants as well
as having a high plant diversity. There are 1219 taxa and 1164 species within the provincial
borders of Mugla. Of these, 238 of the species are endemic (Davis et al., 1965-1985; Giiner et
al., 2000). There is an important wealth of information in terms of ethnobotany in the province
of Mugla. However, factors such as migration, developing technologies, and changes in
people's diets cause a decrease in the knowledge of new generations about wild plants growing
in nature. For this reason, it is important to determine the plant varieties that are considered as
vegetables and their consumption patterns. This study was carried out with the aim of
determining the plants that are widely distributed in Fethiye (Mugla) and its surroundings and
considered as the most consumed vegetable.

MATERIAL AND METHOD

This work was carried out in 2023 in Fethiye district of Mugla province, which is located
in the Aegean Region of Turkiye, and in the surrounding districts. Scanning was carried out in
the area between 0 and 2000 meters altitude, including the coastal and highland regions. In
addition, information on the subject was obtained from people who lived in that region for a
long time. The types of plants consumed as vegetables in the place where they are found, the
local names given to the plant and the way they are consumed are recorded.

RESULTS AND DISCUSSION

The list of plants identified from the research area is given in alphabetical family order.

Amaranthaceae

Amaranthaceae family is a crowded family in terms of the number of genera. Many
species belonging to the family are widely produced as vegetables or are harvested seasonally
from their growing areas. It is mostly seen in degraded lands, near wetlands, by the roadside
and sometimes in vacant fields. It is common in Africa, Asia, Europe, North and South America
(Gelin et al., 2003). Amaranthus sp. about 10 of the species in the genus are considered as
vegetables, cereals and ornamental plants. In Fethiye and its surroundings, this family member
is one of the most common types evaluated as 3 types of vegetables. Amaranthus retroflexus L.
(horozibigi) is now grown in some regions for its vegetable value. Young leaves are consumed
raw or cooked. Chenopodium album L. (sirken) is distributed in destroyed lands, seaside,
roadside and fields. This plant, which shows a wide distribution area all over the world, grows
especially in agricultural lands in and around Fethiye. Its leaves are consumed raw and cooked.
A. retroflexus and C. album are also fast-growing weeds in agricultural areas and are subject to
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agricultural struggle in aquaculture. Salicornia europaea L. (deniz boériilcesi) is distributed
along the sea coasts of the European continent. This plant, which is consumed raw or cooked,
has found a growing area on the coast of Fethiye.

Amaryllidaceae

Most of the species belonging to the family consist of perennial, rhizome, tuber and
bulbous plants. Leaves are located at the base or stem. There are onions, garlic and leeks among
the cultivated vegetable species belonging to this family. There are also important ornamental
plants belonging to this family. Many sulfur compounds in Allium species show antimicrobial
(Casella et al., 2013), and immunomodulatory (Kumar and Brijeshlata, 2012) activities. There
are plants belonging to this family, which are considered to be vegetables that spread
spontaneously in nature. Allium subhirsutum L. (k6rmen), one of the plant species considered
as a vegetable belonging to this family in and around Fethiye, is an important plant species with
important medicinal properties. It is seen especially in high areas on bushes, stony, rocky and
slopes.

Apiaceae

It is a family characterized by species that are usually combined umbrella or rarely
umbrella. There are many types of vegetables grown in this family. The Apiaceae family
includes many vegetable products rich in flavonoids, carotenoids, vitamins and minerals (Que
et al., 2019). Carrots, parsley, dill and celery are the most important vegetables of this family.
Among the members of this family, Conium maculatum L. (baldiran) and Oenanthe
pimpinelloides L. (kazayagi) are among the wild plants that are considered as vegetables and
spread around Fethiye. C. maculatum is distributed around forests and wetlands. The leaves are
consumed by cooking. O. pimpinelloides also grows on the edge of marshes and wetlands.
Some species of the genus Oenanthe are poisonous.

Araceae

Members of this family are usually rhizome and tuberous perennial plants. There are
important ornamental plants (Arum sp., Dracunculus sp.) in the family. Many species of this
family are toxic to humans. In the southern parts of Turkiye, Colocasia esculenta (Gélevez) is
a plant species that is both cultivated and self-propagating in nature and considered as a root
vegetable collected by the public. Some species belonging to the subfamily Lemnoideae, which
are also in this family, are consumed by humans as vegetables in some parts of the world. It
includes plant species that are likely to have significant vegetable potential for Turkiye
(Coskun, 2022). Members of this subfamily include aquatic plants that make up the smallest
flowering plants in the world. Duckweed species have been observed in some aquatic areas
(Girdev plateau) belonging to Fethiye and its surroundings. This plant, which is consumed as
an important vegetable in some parts of the world, grows naturally in the region.

Asparagaceae

It is a family that includes perennial, rhizome, tuberous or bulbous species. Leaves can
be at the base or on the stem. These family members include important vegetables and
ornamental plants. Asparagus officinalis is a vegetable species cultivated in significant
quantities in the world. Asparagus acutifolius, on the other hand, spreads naturally in a large
part of Turkiye. In addition, A acutifolius is used as a diuretic and antineuralgic in traditional
medical treatments (Marc et al., 2008; Fenga et al., 2016). In Fethiye and its surroundings, A
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acutifolius has found a distribution area in nature. It is collected by the people in Fethiye and
its surroundings and sold in village markets and is generally consumed by frying or boiling.

Brassicaceae

The Brassicaceae family consists of annual, biennial or perennial herbaceous plants,
shrubs and small trees. The Brasicaceae family can be found almost everywhere in the world.
There are many field and garden plant species in this family. It is one of the plant families with
the highest number of species in the Flora of Turkiye. The Brassicaceae family is represented
by approximately 676 taxa in Turkiye (Giiner et al., 2012). Cabbage, cauliflower, broccoli,
radish, arugula and cress are the economically valuable vegetable species in this family. In this
family, there are many plant species that grow spontaneously in nature and these species are
consumed as vegetables. In Fethiye and its surroundings, Nasturtium officinale R.Br. (su teresi),
Raphanus raphanistrum L. (turp otu-hardal), Sinapis arvensis L. (hardal otu) and Capsella
bursa-pastoris (L.) Medik. (¢oban g¢antasi-kus tirnagi) are important species considered as
vegetables. N. officinale is a semi-aquatic plant and a vegetable of high medicinal importance.
This species is cultivated in large areas in many parts of the world. In Turkiye, it spreads
especially in regions close to clean water resources. It grows in high altitude plateaus (Girdev
plateau etc.) in and around Fethiye. The leaves are consumed raw or cooked. R. raphanistrum
is widespread in Fethiye and its surroundings, as in many regions of Turkiye. This species is
also an invasive species and has the capacity to grow in large areas. S. arvensis has been
observed on roadsides and damaged areas in this region. It is a type of plant that is consumed
by adding young leaves to salads. C. bursa—pastoris has hamostatic properties, it is consumed
raw or boiled.

Caryophyllaceae

This family is widespread in most of the world and has a large number of species. This
family consists of about 700 species found in the northern temperature regions, Africa and
South America (Melzheimer, 1988). Popular ornamental plants have an important place in this
family. Dianthus sp and Silenesp genera are popular ornamental plants in this family. Silene
vulgaris (Moench) Garcke (gtyisgan), which has found a distribution area in Fethiye and its
surroundings, can be seen in meadows, slopes and bushes. Fresh leaves are added to salads,
while mature leaves are boiled or fried. Another wild plant that can be considered as another
vegetable belonging to the Caryophyllaceae family in this region is Stelleria media (L.) Vill.
This plant species can be consumed raw and has a very delicious taste.

Compositae

It is generally herbaceous, with very few shrubs, trees, and woody wrapping plants.
Flowers are in head or capitulum states. It is one of the richest families in terms of the number
of species in the Flora of Turkiye and there are approximately 1209 species (Ozhatay and
Kiiltiir, 2006; Dogan, 2007). This family has important species spreading all over the world.
Field and garden crops with economic value such as lettuce, sunflower, artichoke belong to this
family. In addition, many medicinal plants such as yarrow, chamomile, calendula are members
of this family. This family member also includes species that are not cultivated, grow
spontaneously in nature and are consumed as vegetables. It has been observed that Taraxacum
sp. (hindiba) and Tragopagon sp. (Tekesakali) are found in Fethiye and its surroundings. The
fresh leaves of these plants are consumed by adding them to salads.
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Dioscoreaceae

Plants belonging to this family are in climbing and winding formations. There are plants
used as food and ornamental in this family. It also includes starchy plant species such as
Dioscoreales rotundata, whose tubers are edible. There are 350-400 species in the genus
Dioscorea (Caddick et al., 2002). Dioscorea communis (L.) Caddick & Wilkin (ac1 ot) plants,
which are considered as vegetables belonging to this family, were observed in Fethiye and its
surroundings. Young shoots of this plant species can be consumed and used in making pastries.
The tubers of this plant are known to be poisonous (Yesil and Inal, 2021).

Lamiaceae

It spreads almost all over the world, except for the cold polar regions (Abdelhalima and
Hanrahan, 2021). Family members include important medicinal and aromatic plants. Due to the
essential oil content of this family members, it is included in the composition of cosmetic
products and is used in the preparation of various foods and beverages. Mint, thyme, sage,
lavender, rosemary and basil are important species in this family. It has been observed that the
Mentha pulegium L. (yarpuz-narpiz) plant belonging to this family can naturally find a
distribution area, especially on the edges of wetlands, in the lands in Fethiye and its
surroundings. The leaves and fresh shoots of this plant are used as vegetables and spices.

Malvaceae

It is a family of mostly grasses and rarely shrubs and trees. It is important in terms of
vegetable, ornamental and medicinal plant species. Many Malva species are used as a vegetable
or herbal medicine (Pandy, 2006). Famous plant species such as linden, cotton, cocoa,
marshmallow, okra are included in this family. There are plants that are considered to be
vegetables that grow naturally in this family, which spreads in most of the world. Malva
nicaeensis (ilmik otu) and Malva sylvestris L. (ebegiimeci) are distributed in and around
Fethiye. It has been widely observed in the area in fields, devastated lands and roadsides. These
plants are collected from nature and their aboveground organs are consumed fresh or cooked.

Papaveraceae

Turkiye is a gene center for Papaver sp. species as well as for many plants (Kapoor
1995). There are species with distinctive crown and bowl in the family. The flowers are usually
showy and spread throughout much of the world. This family includes many popular
ornamental plants (Dicentra spectabilis; Hunnemannia fumariifolia; Meconopsis betonicifolia).
Papaver rhoeas L (poppy), which is in the family and spreads naturally in Fethiye, is considered
as a vegetable. Before blooming in early spring in the region, the above-ground parts are boiled
and roasted and consumed as food. Papaver rhoeas is used in the form of syrup as cough
suppressant, sedative, sugar reducer, pain reliever, expectorant and sweat remover, and its
leaves are consumed as salad or roasted (Duke, 1973; Akin, 2011).

Polygonaceae

The family includes climbers, grasses and shrubs distributed throughout the world,
especially in temperate regions of the northern hemisphere. The family includes species grown
as food (Fagopyrum esculentum) and ornamental plants (Fallopia sachalinensis). Within this
family, there are species used as food (Ozudogru et al., 2011) and for traditional medicine
(Howes and Perry, 2011). In this family, the number of species consumed as a self-growing
vegetable in nature is also high. Rumex acetosella L. (kuzukulagi), Rumex crispus L., Rumex
patientia L. (labada) and Polygonum aviculare L. (kus ekmegi) in and around Fethiye are
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important plant species in this context. They is consumed raw and cooked, R. patientia’s leaves
are usually cooked, and P. aviculare is consumed by cooking aboveground organs. The leaves
of this species contain oxalic acid and can be consumed raw or cooked. It is added to salads
because of its sour taste.

Portuguese

It is a family of annual or perennial herbs and shrubs. It is widespread in most of the
world. There are plants considered as ornamental plants (Portulaca grandiflora) and vegetables
(Portulaca oleracea) in this family. This is a plant rich in important phytochemicals with
medicinal and nutritional properties (Uddin et al., 2014; Zhou et al., 2015). P. oleraceae
(semizotu), which is considered to be an important vegetable in terms of Omega-3, is distributed
in Fethiye and its surroundings. It is consumed fresh or roasted in salads.

Urticaceae

Members of the Urticaceae family consist of herbs and shrubs. Plants of this family are
widespread in most of the world. One of the most important species of this family is Urtica
dioica L. (1sirgan otu). Stinging nettles are easy to digest and highly nutritious. The leaves are
rich in iron, vitamins A and C (Allardice, 1993), essential amino acids (West, 2000) and
essential fixed fatty acids (Guil-Guerrero et al., 2003). This plant has found a wide distribution
area in the geography of Turkiye. It is a plant that can grow in wetlands, destroyed lands and
forest borders in and around Fethiye. It is an important plant species that is used as a vegetable
for cooking, used in pastries, dried and used as a tea.

In this study, the plants considered as vegetables were determined in 15 families. The
families with the highest number of species are Brassicaceae, Polygonaceae and
Amaranthaceae. Aksakal and Yusuf (2008) determined that the species used for food purposes
mostly belong to the families of Lamiaceae, Rosaceae, Apiaceae and Asteraceae. Korkmaz and
Karakurt (2015) stated that Rosaceae, Asteraceae, Apiaceae, Lamiaceae, Chenopodiaceae
families ranked in the top five in terms of the number of natural plant taxa used as food by the
people living in Kelkit (Glimiishane) region.

In this study, it was determined that 27 plant species wer considered as the most
vegetable in Fethiye and its surroundings. Akan et al (2008) determined that 33 of 299 taxa
were used as food in their study to determine the ethnobotanical characteristics of Mount Arat
and its surroundings (Birecik-Sanliurfa). Yapici et al (2009), ethnobotanical characteristics and
local names of some plants identified from Kurtalan (Siirt) district were investigated. They
identified 34 ethnobotanical features. Some ethnobotanical studies have been carried out near
the region. In the study conducted in Kdycegiz district, 154 plants (Uysal, 2008), in the study
conducted in Marmaris district, 95 taxa (Giirdal and Kiiltiir, 2013) and in the study conducted
in Ortaca district, 80 plant species were identified (Kazan, 2007). In these studies, it has been
detected in medicinal and aromatic plants as well as for use as food. In this study, information
about the species used as a vegetable is given. If other field crops used as food are included, the
number of these species will increase even more.

Some plant species considered as vegetables determined in Fethiye and its surroundings
have also been detected in other parts of Turkiye (Alpaslan, 2004; Akgiinlii, 2012). However,
the local names of the determined plant species may vary from region to region. While plant
species such as Urtica dioica are usually given the same local name (nettle), there may be
significant local name variation in some other plants. Consumption patterns of plant species
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identified in this study may differ from each other. Satil et al. (2007) reported that the plants
used for food purposes in and around Madra Mountain are consumed raw as well as cooked.
Kadioglu et al. (2016) reported that wild plant species consumed as vegetables in Erzurum and
Erzincan provinces are consumed for a long time by drying, pickling, freezing or preserving as
canned, as well as consumed fresh by the local people. Koca et al. (2011) reported in their study
in Samsun and its surroundings that some of the wild plants grown are consumed raw or cooked
fresh, as well as some of them are consumed by freezing, drying, brine or processing. Wild
plant species that are considered as vegetables in Fethiye and its surroundings are mostly
consumed raw, but some of them are also consumed by boiling and frying (A. acutifolius). Apart
from this, some plant species can be consumed for a long time by drying, pickling, freezing or
preserving in canned form.

In the Fethiye region, people evaluate some herbaceous plants in every season. The most
important form of evaluation is to consume it as a vegetable in various ways. Local people have
known these plants for a long time and used them for food and medicinal purposes. These plants
are collected and consumed by the public, as well as being sold in the neighborhood markets.
Fethiye and its surroundings have been under intense pressure in terms of plant gene resources
in recent years due to factors such as agricultural practices, tourism and population growth.
However, there is a high interest in plants, which are considered vegetables due to their
nutritional regime. However, changes in diet and other factors may cause these plants to be
forgotten over time. However, there may be a gradual loss of traditional knowledge about these
plants as the intergenerational transmission of knowledge declines. For this reason, it is
important to determine the plant varieties that are considered as vegetables and their
consumption patterns. In this study, plants that are considered as vegetables, which find a
distribution area in Fethiye (Mugla) and its surroundings, were determined. Determining the
wild plant diversity adapted to the natural environment will provide important benefits in the
studies on plant breeding in the future.
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ABSTRACT

Intensive grazing leads to degradation of pastures and, accordingly, to a shortage of pasture
feed for animals. With the haphazard use of forage lands, they are trampled and the coefficient
of their use decreases, the botanical composition of phytocenoses is depleted and valuable crops
fall out of its composition. To maintain pasture productivity, it is necessary to develop a pasture
resource management system to control pasture capacity and grazing duration. The article
shows the results of studies of corral grazing of beef cattle, using remote sensing of the land in
Northern Kazakhstan.

Keywords: pastures, paddock grazing, pasture capacity, pasture turnover.
INTRODUCTION

The potential productivity of the pasture lands of the Republic of Kazakhstan, which
make up about 70% of its entire territory, reaches 25 and more million tons of fodder units. The
largest areas of pastures are concentrated in the western, central and eastern regions of the
country, and the smallest areas of pastures are concentrated in the northern regions due to the
plowing of land for agricultural crops.

However, it should be noted that the natural forage lands of the republic and the region
are used insufficiently and unevenly. Their unsystematic exploitation has led to the fact that at
present the yield of pastures and hayfields has decreased almost everywhere, the area of
degraded lands has increased, 48 million hectares of 188 million hectares of natural forage lands
are subject to degradation, of which 27 million hectares are downed. As a result, the
productivity of hayfields and pastures is significantly lower than the potential. The average
productivity of pastures in the steppe and forest-steppe zones does not exceed 5 centners per
hectare of pasture mass.

At the same time, only 30% of all pastures in the country are used for grazing, since most
of the pastures are not provided with reservoirs. All these factors require new approaches in the
use of forage lands. In this regard, the purpose of these studies was the organization of corral
grazing for the rational use of pastures using remote sensing of the land in one of the farms of
Northern Kazakhstan.

MATERIALS AND METHODS
The study was conducted by LLP "North Kazakhstan Agricultural Experimental Station™

(54°12'45.0" N 69°30'50.1"E), located in Akkayyn district of North Kazakhstan region. For the
experiment, natural forage lands and beef cattle of the Kazakh white-headed breed in the
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amount of up to 60 heads were selected. From the total area of the pastures of the farm, a
separate experimental pasture with an area of 70 hectares, with 7 paddocks of an average of 10
hectares, was selected for the organization of grazing by a corral (portion) method (Fig.1). The
paddocks were divided into the shape of a petal with a separate single outlet to the watering
hole. After the organization of the pasture territory, the animals were grazed alternately in the
paddocks during the pasture period.

When selecting and defining the boundaries of the experimental pasture site, the
following was carried out:

1) collection of information using digital technologies: land and cartographic maps,
identification numbers of farm land plots in the AIS GZK system.

2) superimposing coordinates on the map and processing satellite images using
ArcGIS.

3) Fixing the boundaries of pastures and contours using the Garmin Montana 610
GPS navigator using GPS/GLONASS satellite data.

4) Calculation of the required area for 60 heads of cattle and the number of

paddocks, the number of days for grazing for the entire pasture period.
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Figure 1. Pasture turnover scheme

The total area and paddocks of the pasture were fenced with electric fences with a battery
power system and solar panels.

After the organization of the pasture territories, the animals were grazed alternately in the
paddocks during the pasture period. During this period, aboveground records and observations
of the dynamics of the botanical composition, the projective cover, plant height, yield, before
and after the animals were pitted in the paddocks were carried out.

Analysis of the botanical composition. To determine the botanical composition of the
herbage, samples were taken from 1m? of the area. The selected samples were weighed and
divided according to the botanical composition. The botanical description of the herbage was
carried out according to the determinants [1, 2] and the method of botanical weight analysis of
hay and pasture feed samples [3].

Projective coverage (PC) is determined by the Ramensky method, with the help of a mesh
superimposed on a plot of 1m?, empty spaces are counted, which are measured by cells. Then
the number of empty cells (Ec) is divided by the total number of cells (Tc) and multiplied by
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100, % of empty cells (n) are obtained: n=Ec/ Tc * 100, then the projective cover is determined
by the following formula:

PC=100-n

Determination of pasture productivity. Productivity accounting on pastures was carried
out by the seasonal sloping method, in each contour on 10 accounting sites with a size of at
least 2.5 m? (1x2.5 m) each at a height of 5-6 cm from the ground. An average sample was also
taken to determine the absolutely dry substance and then the dry mass yield from 1 ha.

Determination of pasture capacity and load. The actual load for 1 conditional head cattle
(A, ha) is the actual pasture area for one head or the need for pasture area, determined by the
formula: A = f/p; where f is the need of animals for pasture feed during the pasture period; p is
the productivity of the pasture during the entire pasture season. The load on 1 ha of pastures
(pasture capacity or C, conditional heads) is the number of animals that can be grazed on 1 ha
without damage to pasture ecosystems, determined by the formula: C=Y/(K*D) ; where C is
the permissible load on 1 ha of pastures (heads), Y is the yield of green feed or dry mass eaten
during the pasture period (kg or feed units), K is the daily need for green feed or dry mass per
head of cattle (kg, feed units), D — duration of pasture use (day) [4].

RESEARCH RESULTS AND DISCUSSION

The soil cover of the experimental pasture site is characterized by a low humus content,
an average nitrogen content and a low phosphorus content, and in terms of exchange potassium
it belongs to a high group, in terms of volumetric weight it belongs to a medium-density group.
The degree of acidity of the soil is neutral.

The botanical composition was represented by a typical mixed-grass vegetation with a
predominance on individual contours of wormwood (Fig.3), height from 15.7 to 33.3 cm, with
a projective coverage from 55.0 to 97.7% and a seasonal yield from 5-6 centners per hectare
with a content of 5.58 to 33.59 g of digestible protein in 1 kg of pasture mass, fodder units from
0.20 to 0.55 k units, exchange energy from 2.7 to 6.2 MJ. Thus, according to the soil and
botanical characteristics, this site is a typical pasture area of the steppe zone of the northern
regions of the republic, the areas of which occupy more than 70% of the total pasture area of
the region.

The height of plants varied from 11.5 to 18.6 cm before the first grazing, NDVI indicators
were at the level of 0.24-0.39, from 11.7 to 17.6 cm before the second grazing, NDV1 from 0.31
to 0.48 (Table 1).

Table 1 — Dynamics of the height of the grass stand and NDVI1 by the periods of grazing of the
paddocks

[% Projective coverage, % NDVI

é +/- between +/- between
Qo | 1-grazing | 2-grazing | 1-stand 2-nd | 1-grazing | 2-grazing | 1-stand 2-nd
o grazing grazing

1 11,5 17,6 +6,1 0,26 0,32 +0,06

2 14,8 13,7 -1,1 0,38 0,35 -0,03

3 13,6 14 +0,4 0,39 0,36 -0,03

4 18,6 17,6 -1,0 0,24 0,48 +0,24

5 14,5 15,5 +1,0 0,32 0,39 +0,07

6 14,9 11,7 -3,2 0,31 0,35 +0,04

7 14 14,9 +0,9 0,29 0,31 +0,02
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The productivity of pastures during the second grazing was higher than during the first.
This is due to the rainfall in July, which was 12 mm higher than the annual average and helped
the herbage to recover. Whereas at the first grazing in May, the amount of rainfall was 3-4 times
lower than the average long-term indicators (Table 3).

Table 3 — Pasture productivity by paddocks

Productivity, t/ha
+/- between 1-st and 2-nd
Paddocks 1 —grazing 2 - grazing grazing
1 0,49 1,13 +0,64
2 1,49 1,26 -0,23
3 1,27 1,12 -0,15
4 1,18 2,15 +0,97
5 1,24 1,92 +0,68
6 1,08 0,86 -0,22
7 1 0,6 -0,4
LSD 0,36 0,29

For example, in paddocks No. 1, 4, 5, pasture productivity increased by 0.64, 0.97, 0.68
t/kg. And also, on the whole, productivity in all pasture paddocks improved on average by 1.29
t/ha.

Subsequently, after data collection, the required area for 60 heads of cattle of the meat
direction of the Kazakh White-headed breed was calculated and the number of days for grazing
for each paddock for the entire pasture period was determined (Table 4).

Table 4 — Calculation of the load and duration of grazing for each paddock

Paddocks | grazing area pasture mass | Actual load, Pasture area for one
duration yield, t head/ha head, ha
1 — grazing
1 7 9,94 0,49 1,69 0,59
2 8 9,26 1,49 4,50 0,22
3 5 9,57 1,27 6,13 0,16
4 7 9,52 1,18 4,07 0,25
5 6 9,7 1,24 4,99 0,20
6 5 9,68 1,08 521 0,19
7 5 9,46 1 4,83 0,21
2— grazing
1 5 9,94 1,14 5,50 0,18
2 5 9,26 1,27 6,13 0,16
3 5 9,57 1,12 5,41 0,18
4 9 9,52 2,15 5,77 0,17
5 8 9,7 1,92 5,79 0,17
6 5 9,68 0,82 3,96 0,25
7 4 9,46 0,6 3,62 0,28

Thus, during the first grazing, the cattle were grazed on average for about 6 days on each
paddock, for a total of 43 days there was completely one cycle for all paddocks.The period of
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the first grazing also depended on the type and condition of the pasture herbage. Pasture grass
should be inserted during the period of its greatest nutritional tillering, earing-budding, and it
IS necessary to finish the grazing before the beginning of flowering, when the grasses begin to
roughen.

After collecting all the data, a grazing schedule was compiled on the basis of calculations
at each paddock (Table 5).

Table 5 - Periods of use of paddocks

Paddocks pastures
1 2 3 4 5 6 7

Usage periods

17.05-25.05 Bl
25.05-02.06 B1
02.06-09.06 Bl
09.06.-15.06 Bl
15.06-23.06 Bl
23.06-1.07 Bl
1.07-11.07 B1
11.07-19.07 B2
19.07-28.07 B2
28.07-5.08. B2
5.08 -14.08. B2
14.08-22.08 B2
22.08-27.08 B2
27.08-01.09 B2
*Note: B1, B2...- the sequence of cattle grazing on corral plots

Thus, the livestock, which is consistently drove according to the developed schedule,
on average after 6 days of grazing from the previous site to the next, during the first cycle of 43
days, completely passes the entire area of the experimental site allocated for herd grazing, and
returns to the initial 1st paddock. The time before re—grazing corresponds to the time for the
restoration of the herbage according to agrotechnical standards - 40-50 days. From day 44, the
second cycle begins from the 1st paddock. Under favorable weather conditions, the grazing
time can be extended.

In our research, with the help of the organization of paddock grazing based on
calculations of pasture load, we were able to avoid degradation of pastures without loss of
fatness of animals. The organization of cattle grazing for the rational use of pastures is an
important factor for preventing the degradation of pastures, since cattle usually spend less time
in places far from water, and also do not graze on steep slopes [5].

CONCLUSION

Thus, when organizing paddock grazing for the rational use of pastures in “North
Kazakhstan Agricultural Experimental Station” LLP, a typical pasture site was selected by
geobotanical surveys, the required area for 60 heads of beef cattle of the Kazakh white-headed
breed was calculated. The average grazing area of one head of beef cattle in “North Kazakhstan
Agricultural Experimental Station” LLP, which amounted to 0.22 head/ha, as well as the
number of consistently used paddocks in the section — 7, with the exception of the possibility
of complete grazing, which will allow the farm to reduce costs for this period and increase the
use of pasture productivity, is justified.
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ABSTRACT

DNA methylation is one of the epigenetic modifications of the genome, the essence of
which is the attachment of a methyl group to nitrogenous bases. They are assumed to CpG
islands play an important role in the regulation of gene expression in sheep, coming to
regulatory elements of genes.

The interest are processes of methylation and demethylation. The methylation process
always depends on the work of enzymatic complexes and is very precisely regulated. The
methylation process largely depends on the functioning of enzymes. On other hand,
demethylation can be performed not only by enzymatic complexes, but also during DNA
replication. So, the maintenance of DNA methylation is more important. Changes in
methylation patterns are linked with gene expression and observed during embryonic
development.

Keywords: methylation, sheep, gene expression embryogenesis

INTRODUCTION

The crucial DNA modification with significant effects on gene expression is the process
methylation. There are the various forms of DNA methylation, but cytosine methylation is the
most frequent in eukaryotic cells. It is an epigenetic mechanism in which the methyl group
is transferred to the fifth carbon of cytosine and lead to formation a molecule of 5-
methylcytosine. It is catalyzed by the DNMT methyltransferase family (Fig. 1), represent a
three family groups,numbered in order of their discovery (Lyko, 2018; Bestor, 2000). These
enzymes serve the twounic processes of DNA methylation - the establishment of DNA
methylation state by de novomethylation and, thereafter, the maintenance of those states by
repication (Okano et al., 1999).DNA methyltransferase 1 (DNMT1) is actively involved in
the maintenance of DNA methylation patterns. Passive demethylation occurs after each
cellular division in the absenceof functional DNMT1. DNMT3A and DNMT3B are included
in the establishment of de novoDNA methylation. DNA methyltransferase 3L (DNMT3L)
interacts and stimulates activity of DNMT3A and DNMT3B. Ten-eleven Translocation
dioxygenases enzymes are helping (TET)active demethylation as oxidize 5-methylcytosine
(m5C) to 5-hydroxymethylcytosine (hm5C),5-formylcytosine (f5C) and 5-carboxylcytosine
(ca5C), (Lyko, 2018). The structural andfunctional identities of cells throughout cell
division are defined from DNA methylation

patterns (Moore et al., 2013).
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Figure 1. DNA methylation and demethylation machinery

The mammalian genome contains an extremely high burden of sequences. The gene
regulation is highly sensitive to the methylation status of these so-called CpG islands. The
genome of domestic sheep (Ovis aries) contains approximately 28 million CpG dinucleotides,
which are unevenly distributed, such each can be in a methylated or unmethylated form. Their
diploid number is 54, with 26 pairs of autosomes and two sex chromosomes (Jin, et al., 2011).
More than 78% of DNA methylation occurs in cytosines which are located in the CpG
dinucleotide in cells. The main of functions of this modification are genomic imprinting,
inactivation of X-chromosome, regulation of gene expression, maintenance of epigenetic

records or embryonic development (Sun et al., 2021).

During development in mammals, there are two periods of genome-wide DNA
methylation reprogramming (Reik & Walter, 2001). The first period is during primordial germ
cell differentiation and second period is during preimplantation development. To what extent
this important regulatory mechanism operates in early germ cell development and
differentiation in specie Ovis aries has not yet been clarified. This knowledge will influence the
understanding of the DNA methylation process, its impact on the stability of the genome and
reproductive biology in particular.

The aim of this report was to review the current understanding of the mechanisms of
DNA methylation and demethylation in sheep and the role of methylation in the regulation
ofgene expression and embryo development.

RESULT AND DISCUSSION

Regulation and functions during Development of gene transcription
Epigenetic regulation of transcription through DNA methylation can occur via two
mechanisms. One of this, is based on the steric hindrance of methyl groups to the interaction
oftranscription factors with DNA. The other mechanism is based on indirect involvement of
proteins, which inhibit DNA binding to transcription factors (Loaeza-Loaeza et al., 2020). It
isconsidered that approximately 40% of the genes encoding proteins contain CpG islands in
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the promoter regions. CpG dinucleotides can facilitate the binding of transcription factors to
DNA  thereby supporting gene expression (Hartl et al., 2019).

DNA methylation has long been thought to affect gene transcription alone. However,
ithas been found recently that attachment of the methyl group to cytosine may increase
diversity

of mRNAs and their protein products, by modulation of the rate of operation of RNA
polymerase Il (Shayevitch et al., 2018; Jensen et al., 2023). One of the common features of
CpG islands is that they contain fewer nucleosomes than other regions of DNA, and this
enhancing gene expression (Moore et al., 2013).

The literatuire analysis suggests that methylation does not have a suppressive effect on
gene expression, as the activity of some genes appears to be independent of methylation.
Research has also shown both positive and negative correlations between tissue-specific
methylation and gene expression.

DNA methylation during oocyte maturation is essential for viability of the embryos.
The development of a mammalian embryo depends on proper epigenetic modifications and
resources provided by the oocyte. The ability of oocytes to synthesize and store sufficient
quantities of maternal factors, such as Dnmtl, Dnmt3a, and Tet3 mRNA, during maturation,
islinked with global methylation and demethylation during oocyte maturation and respectively
early embryonic development. Epigenetic mechanisms, specifically DNA methylation
dynamics, have been implicated in the capacity of develpenting oocytes. If DNA methylation
defects occur in this phase may occur problems in the pregnancy (Liang et al., 2012).

During germ cell development, erasure of imprinted methylation is followed by
temporally asynchronous reacquisition of sex-specific imprints. This restoration of methylation
marks requires the activity of de novo MTases. The hypomethylated status of imprinted genes
in embryos derived from transplanted Dnmt3a—/— Dnmt3b+/— ovaries suggested a possible role
for these MTases in de novo imprint methylation (Hata et al., 2006). Methylation analysis of
these embryos revealed severely hypomethylated imprinted genes, suggesting an essential role
for Dnmt3a in the establishment of maternal methylation imprints during female germ cell
development. The methylation of paternally methylated imprinted gene H19 and minor satellite
sequences, appeared normal in these embryos. Likewise, spermatogonia from mutant males
also showed hypomethylation of imprinted target sequences. That suggest that Dnmt3a is
required by both male and female germ cells for the de novo methylation of imprinted genes
during gametogenesis.

The methylation targets of Dnmt3L are identical to those of Dnmt3a, with
spermatogenesis was also perturbed in Dnmt3L null males, and germ cells showed impaired
denovo methylation of the essencial gene H19. Interestingly in this case is that Dnmt3L-
deficientspermatocytes display severe meiotic defects (Bourc'his and Bestor, 2004). This
reinforces thecritical role for maintenance of DNA methylation in chromosoms stability.
Dnmt3a and 3b havebeen shown to be required for aintenance of methylation. About Dnmt1,
it remains active following replication, and may achieve this postreplication methylation in
only with Dnmt3a and/or Dnmt3b (Liang et al., 2002; Rhee et al., 2002). These results suggest
a mutual interrelatedness of the MTases to create and maintain distinctive patterns and levels
of DNA methylation.

Dnmtlo is actively transcribed and translated during oocyte growth and maturation. In
this period replication no takes place. This suggested a de novo methylase function for Dnmtlo
(Mertineit et al., 1998). In the phase MII on oocyte, characterized with distribution of the
proteins of oocyte to two- and four-cell stage embryo, included it inherits a vast store of Dnmt1o
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protein. However, there is very limited detection of the Dnmtlo transcript after fertilization.
Itis very specific that the Dnmt1 transcript can be detected throughout this period, with the
exception of the fertilized oocyte (Fig. 2), (Ratnam et al., 2002; Ko et al., 2005). Analysis of
the Dnmt3 family of proteins and activities has not been completed; however, expression of the
de novo methylase Dnmt3a is detected throughout preimplantation. Although Dnmt1s is also
present throughout this period, the absence of maintenance methylation and the observation that
imprinted methylation remains intact, suggests that Dnmt3a, in its targeting role, acts as a
maintenance methylase but only on imprinted target sequences.

| Morula Blastocyst

AO06C()

Dnmtis + + - + + + + +
Dnmtio + + + - - = = -
Dnmtip . - - - - = - =
Dnmt3a - + + + + + + +
Dnmt3b - + - - - - - +

Figure 2. Dynamics of DNA methyltransferase localization during reproductive
development: from germ cell to embryo

The epigenome plays a critical role in embryogenesis. The genome undergoes a two-
stage reprogramming process during embryogenesis; first - during the formation of primary
germ cells. During this early phase of differentiation, PGCs appear to be methylated as
measured by indirect immunofluorescence using a highly specific antibody against 5 methyl
cytidine (Seki et al., 2005); after that, both male and female gametes are arrested, the female
inmeiotic prophase and the male in mitosis. The significance of this process is to protect the
cell lines of the future embryo from mutations and second, methyltransferases to new
methylation patterns de novo (Gopinathan and Diekwisch, 2022).

The genome demethylation occurs during early mammalian embryonic development,
afew hours after the formation of the zygote as full complect of appropriately imprinted genes
are remodeled to restore a uniform diploid nucleus to the newly formed zygote (Li et al., 2008).
At the morula stage, gamete methylation patterns are completely obliterated (Bernstein, 2020).
Remethylation occurs at the blastocyst stage when methyltransferases (3a and 3b) create de
novo methylation patterns. With embryo implantation, the genome is methylated anew, forming
a characteristic pattern, which is then maintained of its cells (Gopinathan and Diekwisch, 2022).
Using an antibody approach, Dean et al. (2001) found that active demethylation was
conserved among widely divergent mammalian species. Investigations in the sheep suggest that
there is a partial reduction of DNA methylation in the zygote. A similar analysis in humans,

shown that male pronucleus undergoes demethylation in the zygote (Beaujean et al., 2004).
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Experimental manipulation suggest that the partial demethylation of conspecific sperm
may be related to the absolute amount, and organization, of genomic DNA methylation in the
sheep (Jabbari et al., 1997).

The epigenetic load of the oocyte is essential for its developmental potential.
Unfortunately, its remodelling often overlaps with potential interfering events such as exposure
to assisted reproduction technologies (Hansen et al., 2005) or environmental changes - nutrition,
pathologies or accidental exposition to various contaminants (Cortessis et al., 2012). Accurate
knowledge of the methylation and hydroxymethylation status of the growing oocyte and on the
molecules involved in their remodelling is fundamental to view an overall picture of the early
rearrangements that will originate the embryo epigenome.

CONCLUSIONS

DNA methylation plays an important role in the regulation of sheep embryonic
development. Methylation levels change several times during embryogenesis. DNA
methylation, as a well-established epigenetic marker, has attracted the efforts of many
researchers from diverse fields for decades. Combining new knowledge of DNA with histone
modification and non-coding RNAs will provide important insights into the mechanisms of
chromatin remodeling and regulation of gene transcription, which is instrumental to
comprehensive understanding of developmental reprogramming.
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ABSTRACT

Metal corrosion is one of the major global economic issues. Consisting of destruction of the
metal and metal properties, this electro-chemical process is caused by different factors
including microorganisms. Even if some microorganisms can influence the metal corrosion
without adhering the surface of the metals, biofilm formation on the metal surface is known as
one of the influence factors of microbially influenced corrosion (MIC). In this context,
inhibiting the MIC can be processed by inhibiting the biofilm formation on the metal surface.
Different methods like using antibiotics and biocides are used to fight this community
formations. However, resistances to these substances are still developed in the environment and
cause high costs in industrial and health fields. By this fact, it is thought that using predator
bacteria which can feed themselves on the biofilm forming bacteria or metal corrosion
influencing bacteria can be an environmentally friendly method and reduce the cost damage in
the industries. In this review, the Gram-negative bacterium Bdellovibrio bacteriovorus is the
main focused predator bacteria thought to be used to fight against biofilm formation and MIC.
This bacterium isolated from different ecosystems (aquatic and soil), has as hosts both gram
negative and Gram-positive bacteria. This study helps to understand in general the MIC,
biofilm, MIC inhibition (MICI), and the role that can play the B. bacteriovorus in the inhibition
of both biofilm formation and MIC.

Keywords: Bdellovibiro bacteriovorus, Biofim, Corrosion, EPS, Microbially Influenced
Corrosion.

INTRODUCTION

Metal corrosion is an electro-chemical mechanism resulting in the destruction of metals
and their properties (Wadood et al., 2015; Lou et al., 2021). This phenomenon causes
industrial economic loss, since it causes destruction of engineering equipment used in different
industries like oil recovery, water cooling towers, and other mechanical systems (Li et al., 2015;
Li et al., 2022). Environmental conditions including physico-chemical factors and biological
factors, especially microorganisms, are known to impact on the metal corrosion process.
Microorganisms can be involved in the initiation, acceleration, or facilitation of the corrosion
by directly adhering to the metal surface to form biofilm or changing the environmental
physico-chemical conditions of the metal (Li et al., 2022; Lou et al., 2021; Qian et al., 2022).

The abundance of microorganisms in water or liquid ecosystems is found to be reduced
at the decrease of nutrient in liquids. However, they can adhere to surface of solid materials like
metals or silicon that are in contact with the liquids and form the biofilm. Biofilm consists of
pure or different microorganisms that adhere a solid surface and remain motionless in which
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they secret organic polymeric matrix known as extracellular polymeric substance (EPS)
(AlSalhi et al., 2023; Iroha et al., 2005).

The EPS as well as other chemicals secreted in the biofilm matrix can facilitate the
communication between organisms in this microbial community (Quorum Sensing). However,
at the same time, this microbial structure can generate a competition between its population
which induce physicochemical changes on their microenvironment (Flemming and Wingender,
2010). These changes cause the deterioration of the surface on where the biofilm is formed,
thus we talk about corrosion. The output of the corrosion includes organic and inorganic
compounds (AlSalhi et al., 2023). These changes don’t only impact the metal or the surface
from where microorganisms are attached but also cause pollution of the surrounding
environments.

The microbial influenced corrosion is estimated at 20% of all corrosion costs (Basera et
al., 2019; Kokilaramani et al., 2021). The MIC affects both highly specialised industries as well
as our daily living environments like water cooling systems for large air conditioning units,
kitchen sink’s metal water traps, dental implants, etc... (Kokilaramani et al., 2021; AlSalhi et
al., 2023; Fu et al., 2021; Costa et al., 2021). In fact, multiple ways are studied to combat this
issue. It consists of chemicals like antibiotics and anti-biofilms developed to inhibit the
attachment of the development of cells on the metal surface (Liu et al., 2018; EI-Shamy, 2020).
However, most of these substances are synthetics and cause significant impacts in the
environment or can alter the chemical structure of the metal. In addition, antimicrobial
resistance can be developed by the biofilm and the development of new anti-biofilms and
antibiotics will still be needed.

In this fact, new strategies to combat the biocorrosion by using microorganisms able to
inhibit the biofilm formation are sound to be interesting and efficacies. Some microorganisms
are feeding on other microorganisms without causing any infections to higher organisms like
plants and animals (Lou et al., 2021). Such microorganisms can be used to control the
proliferation of undesired microorganisms in different environments. Bdellovibrio Like
Organisms are group of Gram-negative bacteria living in different ecosystems like water and
soil (Negus et al., 2017). They are prey bacteria that can attack both Gram-negative and Gram-
positive bacteria in the environments that are present. Study on biocontrol using these bacteria
showed their ability to inhibit the development of E-coli in meat like food (Ottaviani et al.,
2020). Another study showed the ability of these bacteria in reducing the proliferation of sulfate
reducing bacteria (SRB) that are known for their capability to induce metal corrosion in
anaerobic conditions (Qui et al., 2016). In this fact, it is thought that these bacteria can be
effective in the inhibition of biofilm formation on metals and so the inhibition of microbially
induced corrosion. Along this current review, general idea on biofilm, microbially induced
corrosion (MIC), microbiologically influenced corrosion inhibition (MICI), and the application
of Bdellovibrio bacteriovorus against biofilm formation and MIC are developed.

BIOFILM

In the environment, microorganisms can be found as planktonic or sessile cells. Sessile
cells are attached to the surface of materials and form through different steps the biofilm
structure (Rumbaugh and Sauer, 2020, Rather et al., 2021; Sauer et al., 2022). Biofilm can be
defined as a surface attached microbial community embedded in a self-produced extracellular
matrix composed of the complex extracellular polymeric substances (EPS) (Sauer et al., 2022;
Rather et al., 2021). Microorganisms are directed to form the biofilm structure due to
environmental stress including starvation, fighting against chemicals and antimicrobials,
unfavourable temperature and pH, and continuous water flow (Castiblanco and Sundin, 2016;
Rather et al., 2021). The biofilm formation or development is set in four stages which are
detailed in different reviews for the mechanisms of each stage.
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The first stage consists of the bacterial adherence on the host material surface:
‘Adhesion’. In this stage, bacteria as planktonic cells interact with the host surface and form a
firmly monolayer (Tuson and Weibel, 2013; Mahamuni- Badiger et al., 2020). At the second
stage, we assist in a local proliferation of microorganisms generating the microcolonies. In this
stage named ‘biofilm formation or growth’, a self-secretion of exopolymeric substances (EPS)
is starting and a multilayer of microorganisms is orderly structured (Rabin et al., 2015). The
third stage is the ‘biofilm maturation’ which consists of cell adaptation and development to
transform the microcolonies into microcolonies. At this stage, the matrixome components
including flagella, pili, amino acids, and exopolysaccharides are under regulation and lead to
the development of mature biofilm (Liu et al., 2018). The fourth and last stage is the
‘dispersion’. This process is due to environmental conditions such as change in temperature,
oxygen, and nutrient composition, or caused by some enzymatic reactions from the EPS
components, or physical factors like shearing forces by the liquid flow. These factors induce
the detachment of cells from the biofilm structure and open the door for new local infestation,
thereby a new cycle of biofilm development (Rather et al., 2021; Mahamuni- Badiger et al.,
2020; Percival et al., 2015).

Other than the laboratory manipulated environments, the microbial community in a
biofilm structure is far to be composed of a single microorganism. These microorganisms can
communicate through the quorum sensing mechanism and form different complex matrix
(Rather et al., 2021; Karygianni et al., 2020). Depending on the environmental physico-
chemical conditions as well as the microbial community, the EPS is composed of biomolecules
such as proteins, polysaccharides, lipids, and nucleic acids (Flemming et al., 2016).

On other hand, EPS is thought to afford drug tolerance in biofilms and develop their
antimicrobial resistance. By this fact, the biofilm formation ability of microorganisms is
recognized to be among their virulence factors (Wall et al., 2019; Gupta et al., 2016). In this
context, the use of antimicrobial compounds against biofilms is more than complicated; because
every microorganism in such a micro-community can secret its proper molecules in the biofilm
matrix that can have different virulence activities. The EPS form a barrier of ex-situ component
like antibiotics by inhibiting them to enter the last layer of biofilms due to the ionic charges of
the matrix, by destroying them through exoenzymes secreted by microorganisms in the
microcolonies, or by genetic modification of antimicrobial active sites (Wright, 2005;
Schroeder et al., 2017). The EPS composition and structure is affected by different factors like
the type of microorganisms composed of biofilms, the local stress conditions like shear, and the
mono-species or multispecies characteristics of the biofilm (Karygianni et al., 2020).

More of the impacts of the physico-chemical properties of biofilms is the changes of the
environmental conditions like pH and oxygen concentration. These changes negatively affect
the properties of the materials from which the biofilms are formed. For example, the
degradation of microplastics by microorganisms is thought to be more effective with bacteria
able to be attached on their surfaces and using these hydrocarbons as carbon sources (Han et
al., 2020). In addition, the metal biocorrosion, regardless of its type, ca caused by the cell
adherence to the metal surface (biofilm formation) and inducing electrochemical reactions
(Yang et al., 2021).

MICROBIALLY INFLUENCED CORROSION (MIC)

MIC consists of deterioration process of metal or other surface caused by the reaction
of metabolic reactions on that surface. Biofilm forming on metal induce acceleration of metal
corrosion by acting in different ways such as modifying the chemicals transports towards the
metal surfaces, removal of the protective films during the biofilm separation stage, causing
inequal distribution of oxygen on the metal surface, causing conditions changes on the
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oxidation-redaction processes occurred between solution and metal surfaces, and fragilization
of the passive layers by changing their inorganic structure and accelerating their decomposition
and detachment from the metal surface (Pal and Lavanya, 2022). The type of microorganisms,
their metabolic reactions, the environmental conditions including pH, temperature, nutrient
availability, metal type, and the addition of new species on the biofilm structure, have important
impacts on the metal’ MIC (Procopio, 2019; Pal and Lavanya, 2022). Different group of
bacteria are registered from previous study for their ability to induce metal corrosion.

Gram negative sulphate reducing bacteria (SRB) are known for their metal corrosive
property under anaerobic conditions and are one of the most studied bacterial groups in metal
corrosion. In mixed biofilm structure on metal, the SRB are found to inhabit the bottom where
the oxygen level is lower due to the colonization of the top layers by aerobic and facultative
anaerobic bacteria (Jia et al., 2019). They are thought to act in three different mechanisms
during their metal corrosion reaction. The steel corrosion induced by SRB is due to the
production of hydrogen sulfide (H2S) in sulfate-containing environments. The sulfide is
oxidized on the surface of the steel and produce the thiosulfate which activate the pitting
corrosion (Kokilaramani et al., 2021). On the study run by Dou et al. (2018), it is shown that
the cause of copper microbially influence corrosion by SRB is their production of sulfide rather
than the electron harvesting for their energy production.

As reported by Jia et al. (2019), iron oxidizing bacteria (I0B) are group of bacteria able
to oxidize ferrous ions to ferric ions to generate their growth energy and use oxygen as terminal
acceptor. This reaction results to the extracellularly iron hydroxides deposit (Jia et al., 2019).
IOB are known as corrosion causing agents but together with SRB are known to enhance the
microbial corrosion of metals (Liu et al., 2018). It is due to the oxygen-free environment offered
by the aerobic and facultative 10B on the biofilm formed on metals (Jia et al., 2019).

Nitrate reducing bacteria (NRB) is another corrosive bacterial group. In the beginning,
NRB were used to fight against the development of SRB which are known to have a negative
influence on the corrosion of metals. For this purpose, nitrate was injected into the oil and gas
industries to promote the multiplication of NRB which use nitrate as a final electron acceptor
in a low oxygen environment (Fida et al., 2016; Jia et al., 2019). However, a favourable
thermodynamic reaction was reported between the couple formed by this nitrate reduction with
iron oxidation. These reactions highlight the role of NRB in the MIC of metals. Other groups
like acid producing bacteria, fungi, methanogens are also observed with corrosive role on
metals (Kokilaramani et al., 2021; Jia et al., 2019).

MICROBIOLOGICALLY INFLUENCED CORROSION INHIBITION (MICI)

In the previous section, we showed the influence of microorganisms especially bacteria
on metal corrosion and destruction. Combatting this industrial issue, traditional methods are
applied. Lou et al., (2021) enumerated some protection methods like metal coating with
antibacterial materials such as silver, surface treatments, and synthetic corrosion inhibitors.
Although these technics are solving most of MIC problems, their negative impacts on the
environment and public health, due to the release of toxic materials, limits their uses and incite
to an urgent searching for eco-friendly methods to fight against the high loss in industrial and
engineering fields (Lou et al., 2021). Previous studies showed some approaches that are thought
to be environmentally friends like the use of biocide extracted from the black mustard Brassia
nigra, using Immunoglobulin A (IgA), and film-forming mixtures of amines, imidazoline and
quaternary ammonium compounds (Little et al., 2007; Videla et al., 2004). However, the use of
these three approaches is limited on different ways: from the limit to use natural biocide on
established biofilm, to the unfavourable use of IgA in medical applications, the toxicity of Alkyl
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imidazoline to animals, and the initiation of local corrosion caused by film-forming inhibitors
(Little et al., 2007; Videla et al., 2004).

Microorganisms are reported with a dual role in the corrosion process depending to the
microorganism types, the environmental conditions, as well as the metal species. When some
microorganisms enhance and accelerate the corrosion of metals, others, or the same
microorganisms but in different environmental conditions can act oppositely and hindering the
MIC (Lou et al., 2021). This process is called microbiologically influenced corrosion inhibition
(MICI). Microorganisms act on different mechanisms to inhibit corrosion. Lou et al., (2021)
divided the MICI mechanisms into five categories: microbial respiration, competition, secretion
corrosion inhibitors, EPS protection, and mineralization. The microbial respiration mechanism
consists of both aerobic and facultative anaerobic microorganisms present in metal surface
forming biofilm. Facultative anaerobe and aerobic bacteria like E.coli and pseudomonas have
been screened for their ability to inhibit or reduce different metal corrosion processes and the
observed results are promised (Jayaraman et al., 1997).

This mechanism is related to the growth conditions of microorganisms, their ability to
form biofilm on metal surface, the dissolved oxygen present in the environment, and other
environmental conditions like, inorganic nutrient, temperature, and flow velocity (Lou et al.,
2021). Wadood et al. (2015) showed the stainless-steel corrosion inhibition role of Bacillus
subtilis and Pseudomonas aeruginosa. This study’s results showed through SEM analysis the
formation of protective film on the surface of the metal which consist of rod bacterial shape. In
addition, authors observed that as long is the incubation time, as high is the decrease of the pH
of the medium. This acid production is considered as metabolites production for the bacterial
growth. However, an antagonistic reaction has been observed between the two bacteria, since
when they are incubated together, the corrosion inhibition is mor important than when they are
separately incubated (Wadood et al., 2015).

On other hand, competition between microorganisms can inhibit the microbially
induced corrosion of the metals. Some microorganisms can compete other corrosive
microorganisms through their metabolic growth systems. They can use the same electron
acceptor and reduce the growth of the corrosive microorganisms (Hubert and VVoordouw, 2007).
Beside this competition, predator microorganisms can use the corrosive microorganisms as host
for their growth and inhibit their attachment to the metal surface (biofilm forming inhibition)
(Lou et al., 2021). It is the case of Bdellovibrio and organisms like (BLO).

APPLICATIONS OF BDELLOVIBRIO BACTERIOVORUS FOR BIOFILM
INHIBITION AND MICI

Bdellovibrio bacteriovorus is a motile Gram-negative with curved shaped bacterium.
This bacterium isolated from different ecosystems such as soil and water, is a predator
bacterium known which is feeding from both Gram-negative and Gram-positive bacterial cells
(Bratanis et al., 2020; Pantanella et al., 2018). In general, B. bacteriovorus attack the prey cells,
enter their cytoplasm where they are multiplying. After their multiplication, cells leave the prey
cells by causing lysis of their membranes (Bratanis et al., 2020).

Bdellovibrio bacteriovorus and Bdellovibrio like organisms are shown in different
studies to be with high important uses in the control of pathogen bacteria. In the study conducted
by El-Shanshoury et al. (2016), the Bdellovibrio. sp, isolated from water shown lytic activity
on four antibiotic resistant isolates of Salmonella sp. From these results, authors suggest that
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the predator bacteria can be used in the treatment of sewage wastewater as antimicrobial agent.
In another study, the Bdellovibrio bacteriovorus has been revealed with antimicrobial effects
against the phytopathogenic strains Pantoea sp. and Xanthomonas campestris (Odooli et al.,
2021). On other hand, experimentations shown that Bdellovibrio bacteriovorus could be used
during the post-harvest treatment to help the mortality of pathogens like Esherichia coli and
Salmonella which are food borne pathogens (Olanya et al., 2020).

Bdellovibrio species showed effects on both planktonic cells and biofilms. It is reported
that the attack to the microorganisms on biofilm structures required high effort than the attack
to planktonic cells (Kadouri and O’Toole (2005). However, the reduction of biomass on biofilm
formed by different pathogens is observed in previous studies. Kadouri and O’Toole (2005)
reported the first anti-biofilm effect of Bdellovibrio bacteriovorus on the biofilms of E. coli and
Pseudomonas fluorescens (Kadouri and O’Toole (2005). In addition, Bdellovibrio
bacteriovorus has significantly reduced the microbial biomass of both pure and multicultures.
The mode of action of this predator bacterium on the inhibition or degradation of biofilm
formation depends mainly on the prey bacterium. The inhibition of Staphylococcus aureus’s
biofilm by Bdellovibrio bacteriovorus is reported to be the action of extracellular proteases
secreted by the predator (Pantanella et al., 2018).

Most of previous studies studying the efficiency of Bdellovibrio bacteriovorus and BLO
as natural antimicrobial agents, focused on medical importance, biocontrol of plant pathogens
and wastewater treatments. Until this date, only one study has investigated the effect of B.
bacteriovorus on the microbial influenced corrosion caused by SRB. The results of this study
show the reduction of corrosion rate of X70 steel from 19.17 to 3.75 mg/dm?/day after 2 months
(Qiuetal., 2016). These results promise potential uses of this predator bacterium to escape from
industrial damages which cause important economic cost in different sectors. On other hand,
the MIC associated bacteria are of different mode of actions as previously illustrated. Some of
them are directly attached to the metal surface (biofilm) some of them secret enzymes or other
chemical substances which enhance the corrosion of the metal. Since this predator bacterium
can attack both planktonic cells and cells in biofilm structure, it is thought to significantly
impacted on the MIC. In addition, previous studies investigating the effects of environmental
conditions on B. bacteriovorus show high range of pH and temperature resistance. Moreover,
any oxygen variation impact on this bacterium was not observed (Williams and Chen, 2020).
These data reinforce the idea that the B. bacteriovorus is a good natural biocontrol agent against
MIC and biofilm formed on metal instruments. However, further studies like effects of this
bacterium on different metal surface and on different microorganisms are necessary before
applied it on the field.

CONCLUSIONS

Metal corrosion is an electro-chemical process resulting to the destruction of metal and metal
properties which cause several industrial issues. It is caused by both abiotic and biotic factors
including microorganisms. However, some microorganisms have been shown to play an
important role in the inhibition of metal corrosion caused by microbial influence (MIC).
Bdellovibrio bacteriovorus are a Gram-negative vibrio and Rhod- like shape motile bacteria.
They are predators of both Gram-negative and some Gram-positive bacteria. Due to their
predation and their high enzymatic activities, these bacteria have been studied for their
biotechnological and industrial applications. These bacteria may play a significant role in the
inhibition of MIC through their predation activity on the biofilm formed on the metal or on the
microorganisms responsible for metal corrosion like SRB. Further studies on their predation
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mechanisms should highlight the importance of their use in the fight against this industrial issue
(corrosion).
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ABSTRACT

Many plants including Cannabis Sativa are known for their medicinal uses. Cannabis Sativa is
an annual plant known for centuries for its different medicinal benefits including antimicrobial
effects. Until 2017, this plant has been reported with more than 500 natural constituents in
which 120 of them are cannabinoids. Even if the antimicrobial effects of this plant and its
extracts have been shown, studying all its natural constituents in the context of antimicrobial
agents is still not enough. In addition, antimicrobial resistance constitutes an important public
health problem. Microorganisms still develop this mechanism and cause difficulties in treating
many infectious diseases. One of the virulence factors in microorganisms is the ability to form
biofilm. Biofilm, as a microbial community in which different substances are secreted, is a
highly protective form of the microbial community against antimicrobial agents. This highly
protective structure should be studied alone for obtaining alternative antimicrobial agents
against a such structure. This review resumes information about the response of biofilm
structure to antimicrobial agents, and the use of Cannabis Sativa as an alternative anti-biofilm
agent to fight infectious diseases caused by biofilm-forming bacteria.

Keywords: Antimicrobial resistance, Antimicrobial agent, Biofilm, Cannabis Sativa.

INTRODUCTION

Antimicrobial agents are chemicals that destroy microorganisms or prevent their
reproduction. The discovery of antibiotics, one of the most important antimicrobial agents, is
one of the greatest achievements of the modern medical world. Since the development of
antibiotics, millions of lives have been saved. However, to control the action of these
antibiotics, microorganisms develop different ways that are often genetically controlled. One
of the most important ways is the development of biofilm-mediated antimicrobial resistance.

Bacterial and fungal resistance to antimicrobial therapy is an important threat to human
health and a major concern all over the world. Immunocompromised patients, such as transplant
recipients and those undergoing chemotherapy treatment, are particularly vulnerable. Their
ability to fight infection depends on the effectiveness of their used antibiotics. Therefore, the
spread of multidrug-resistant bacteria/fungi threatens the success and development of these
therapies (O’Neill, 2016).

Multiple resistance to antibiotics clearly demonstrates the overuse of existing antibiotic
drugs and the inability to develop enough new antibiotics on a global scale. Some antibiotics
are currently administrated in combination to combat antibiotic resistance. However, predicting
that we will soon run out of these options is not difficult. It is estimated that the number of
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deaths caused by antibiotic resistance may reach 10 million by 2050 and the cost of this situation
is estimated to be 100 trillion USD globally (O’Neill, 2016).

The major problem is the divestment of most pharmaceutical companies in the research
and development of new antibiotics. This is due to the uncertainty of successfully developing
new antibiotics from compounds identified in the preclinical period. Furthermore, the profit
earned on the investment of developing something is known to be less. In these facts, these
companies mostly produce and sell existing antibiotics.

The limited number of new antibiotics that have been developed and approved in recent
years to reduce antibiotic resistance obscures the prospects for the use of antimicrobial drugs in
the future. It also ensures that the issue of antimicrobial resistance continues to be a priority
global health issue. The World Health Organization has identified antimicrobial resistance as
one of three major threats to health systems globally (https://doi.org/10.1086/652237).
Therefore, measures, such as controlling the use of antibiotics, better understanding the genetic
mechanisms of drug resistance, and continuing studies to develop new synthetic or natural
drugs, should be taken to reduce this problem. The ultimate goal should be to provide the patient
with appropriate and effective antimicrobial drugs. Developing new methods to treat
antimicrobial resistance is a race against time.

FORMATION OF BIOFILM

Bacteria in the aquatic environment tend to attach to a solid surface and multiply there
to form a community known as ‘biofilm’. The living conditions in the biofilm are better and
safer for microorganisms than their planktonic living environment. While some of the
microorganisms leave the surface on which they are attached, others use the nutrients on the
surface, multiply and attach irreversibly to the surface by secreting extracellular polymeric
substances (EPS). Thus, EPS acts as an adhesive substance and provides the biofilm
microorganisms with a "safe life" in which they can grow, reproduce, secrete metabolites, and
communicate with other microorganisms. Biofilms protect microorganisms from host immune
cells, antibiotics, nutrient shortage, osmolarity, pH, and temperature. Sessile cells can be
separated from their biofilms to colonize other regions (Donlan, 2002).

Biofilm formation is an important virulence factor for microorganisms causing chronic
infections. Biofilm-forming microorganisms are the main cause of various chronic, hospital-
acquired, and medical device-associated infections that are of serious concern or even
untreatable nowadays (Wi and Patel, 2018). According to the American National Institutes of
Health, approximately 65% of all microbial infections and 80% of all chronic infections are
associated with biofilms (Sharma et al., 2019). With the advancement of science, many
diseases, disorders, and abnormalities can be effectively managed using various medical
devices such as pacemakers, vascular catheters, chronic haemodialysis catheters, prosthetic
heart valves and prosthetic joints. However, the effectiveness of these medical devices is
severely hampered by the biofilm that forms on them. Due to the complex interactions between
microbial cells, host, and biomaterials, treatment of these device-associated infections may be
unsuccessful.

INTERACTION BETWEEN BIOFILM AND ANTIMICROBIAL AGENTS

The ability of microorganisms to form biofilms and become resistant to antibiotics
causes significant difficulties in disease treatment. In a biofilm under antimicrobial influence,
the number of resistant mutants increases, and the resistance genes can spread by horizontal
gene transfer to all microorganisms in the biofilm matrix. The main cause of various chronic
infections are microorganisms resistant to antibiotics and contagious microorganisms. Most
antibacterial agents cannot penetrate biofilms which are the main source of resistant microbial
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strains. Consequently, they cannot prevent the proliferation of microorganisms in the biofilm
matrix.

The developed antimicrobial agents are mostly tested against free-living planktonic
cells. Due to the drug tolerance and the multifactorial nature of biofilm formation, the use of
these antimicrobials may be ineffective against pathogenic biofilms. In this fact, combined
treatments are needed. The discovery of antibacterial agents that can Kill or stop the growth of
microorganisms contained in the biofilm and help to prevent infections from the biofilm is
urgent.

Plants are one of the most important alternative and effective strategies for reducing
resistant microorganisms. Plant-based antibacterial agents have enormous potential to treat a
variety of diseases, as they have the power to alleviate infectious diseases and lack adverse side
effects, such as hypersensitivity, allergic reaction, and immunosuppression, that are often
associated with current antimicrobial agents (Agrawal and Gupta, 2020). Studies have shown
that many plant extracts and phytochemicals exhibit antimicrobial properties against pathogens,
including clinically resistant bacterial strains (Erdem et al., 2013; Nascimento et al., 2000).
Moreover, previous studies confirm the antibacterial activity of plant extracts in animal
infection models (Choi et al., 2011; Yunana et al., 2018).

The surfaces of medical devices can be modified with antibiofilm nanoscale
biomaterials. Thereby, gold, silver, iron oxide and bimetallic nanoparticles can be made
multifunctional either individually or with polymeric substances or drugs. Thus, biofilm
formation can be controlled by quorum sensing, cell-to-cell communication, and interruption
of multiple drug efflux pumps. The surfaces of medical devices can also be coated with plant
extracts. Phytochemicals (including alkaloids, flavonoids), heteroatoms such as N, S, O, and =-
electrons in the plant extract contain aromatic rings and are adsorbed on the metal surface
through them. The inhibition is mainly attributed to the presence of various organic compounds
found in the plant extract (Prabhu and Rao, 2013). Cannabis sativa L. is one of these plants
which has traditionally been used medicinally for centuries.

CANNABIS PLANT (Cannabis sativa)

Cannabis (Cannabis sativa), also called Marijuana, is an annual species native to Asia
and has been documented as one of the oldest known crops. Cannabis has traditionally been
widely cultivated in the world. Apart from its use as a recreational drug, it is used for fiber
production, human nutrition, and medicinal purposes (House et al., 2010). Due to its variable
low lignin content and bast fibers enrichment, the fibers of the hemp plant are suitable to
produce textiles, paper, rope, biofuels, biodegradable plastics, and building materials. They are
also suitable for use in the automotive industry, insulation, paint, and animal feed (Singh et al.,
2018). Due to the versatility of cannabis, valuable essential oils and resins can be extracted
from the flowers and leaves, as well as high-quality cellulose can be extracted from the stems
and trunk (Baldini et al., 2018). The cannabis seed, which is called “¢cedene” or “hemp seed” in
Anatolia, has an important place in the nutrition of humans and poultry due to its rich oil
content. In addition, cannabis has gained a bad reputation due to its widespread use for pleasure
and consequently, its versatile benefits have been ignored for many years.

Nowadays, the production of different products has led to an increase in interest of
industrial cannabis. Plants of the genus Cannabis produce more than 560 known secondary
metabolites with 120 of them are cannabinoid compounds (EISohly wt al., 2017). Cannabis
phytochemicals include primary metabolites such as amino acids, fatty acids, and steroids, or
secondary metabolites such as terpenoids, flavonoids, stilbenoids, lignans, and alkaloids
(Flores-Sanchez and Verpoorte, 2008).
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CANNABINOIDS

C. sativa is increasingly used for its medical treatments against various diseases such as
inflammation, cancer, obesity, osteoporosis, multiple sclerosis, vomiting, epilepsy, pain,
glaucoma, and anorexia. Besides, it is applied for the treatment of various neurodegenerative
disorders including Tourette syndrome, Huntington's disease, Alzheimer's disease, and
Parkinson's disease (Grotenhermen and Miiller-Vahl, 2012). Apart from these areas of use,
Cannabis sativa is a plant that offers many interesting features due to its rich metabolic profile
such as anti-biofilm and bactericidal effect. Cannabinoids are C. sativa metabolites that are
effective in the treatment of contagious bacterial infections diseases.

The production of cannabis has been severely restricted and banned all over the world
for many years due to its psychoactive properties. However, because of limited studies, their
potential for use in both industrial and health fields could not be ignored any longer. In line
with the provisions of the regulation published at September 29, 2016 in the Official Journal,
number 29842, the production of cannabis, previously prohibited in Turkey, is allowed in the
provinces of Amasya, Antalya, Bartin, Burdur, Corum, Izmir, Karabiik, Kastamonu, Kayseri,
Kiitahya, Malatya, Ordu, Rize, Samsun, Sinop, Tokat, Usak, Yozgat, and Zonguldak as well as
in all districts of these provinces. In the next years, the regulations supporting the establishment
of new companies by utilizing cannabis cultivation and the products obtained from it are
expected to be made.

ANTIBIOFILM ACTIVITIES OF CANNABIS

Studies have shown the antimicrobial effects of the cannabis plant, its leaf extracts,
essential and seed oils, as well as components isolated from it such as cannabinoids, against
pathogenic bacteria and fungi (Frassinetti et al., 2020; Feldman et al., 2021). Alkaloids,
flavonoids, peptides, tannins, and phenols also found in the C. sativa plant are also known for
their antimicrobial properties (Chandra et al., 2017). This suggests that many compounds found
in cannabis extracts may additionally or synergistically contribute to the antimicrobial activity
(Schofs et al., 2021). Although the antibacterial mechanism of cannabinoids effect remains
unclear, some modes of action have been recently proposed (Figure 1).
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Figure 1: Potential antimicrobial mode of action of cannabis compounds.
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One of the modes of action is related to changing the microbial membrane permeability.
It was determined that B-caryophyll compounds destroyed the cell integrity and wall structure
of B. cereus and led to the leakage of intracellular components (Moo et al., 2020).

Another putative mode of action of cannabinoids is the alteration of cell communication
through inhibition of membrane vesicles released by bacteria. Cannabidiol that consists of a
phyto-cannabinoid obtained from Cannabis sativa, was found to be a potent inhibitor of
membrane vesicle releasing from E. coli VCS257 but the same effect was not detected in S.
aureus subsp. aureus Rosenbach. In addition, it was determined that cannabidiol used together
with selected antibiotics significantly increased the bactericidal effect of several antibiotics in
Gram-negative bacteria (Kosgodage et al., 2019). These results suggest that, through different
ways including the membrane vesicle inhibition pathway, the cannabidiol can be used with
antibiotics selected based on bacterial species to increase antibiotic activity and help to reduce
antibiotic resistance.

In one of the limited studies, it was determined that the seeds of Cannabis sativa L.
showed antimicrobial and antibiofilm activity against Staphylococcus aureus (Frassinetti et al.,
2020). It was also determined that the biofilm inhibition of Staphylococcus aureus by Cannabis
sativa L. seeds was lower than their minimum inhibition concentrations (MIC) values.
Researchers attributed the biofilm inhibition to the high content of phenolic compounds such
as caffeoyltyramine and hemp A, B, and C, especially in the cannabis seed extract.

In a study investigating the ability of cannabidiol to inhibit the formation of fungal
biofilms, C. albicans was exposed to various concentrations of cannabidiol for 24-72 hours and
the metabolic activity of biofilms was determined using 3-(4,5-dimethylthiazol-2-yl)-2.5-
diphenyl-2H-tetrazolium bromide (MTT) analysis method. The study resulted to the
observation of fungal biofilm formation inhibition by cannabidiol depending on time and dose
(Feldman et al., 2021).

Other study examining the effect of cannabigerol on S. mutans biofilm formation and
distribution, shown that cannabigerol inhibited biofilm formation with decreased biofilm
biomass, decreased biofilm thickness, less EPS production, decreased DNA content and
decreased metabolic activity. It was also determined that cannabigerol changed the roughness
profile of the biofilm and provided a smoother biofilm surface. However, when researchers
examined the effect of cannabigerol on preformed biofilms, they found that cannabigerol
reduced the metabolic activity of S. mutans with a transient effect on biomass and suggested
that cannabigerol could be a potential drug for the preventive treatment of dental caries (Agawi
etal., 2021).

Farha et al. (2020) determined that cannabinoids exhibit antibacterial activity against
Methicillin-Resistant Staphylococcus aureus (MRSA), inhibit the ability to form biofilms, and
destroy preformed biofilms and stationary phase cells that are resistant to antibiotics. They also
revealed that the mechanism of action of cannabigerol is to affect the cytoplasmic membrane
in Gram-positive bacteria and the inner membrane in Gram-negative bacteria. Researchers have
demonstrated that cannabinoids work against multidrug-resistant Gram-negative pathogens (E.
coli, Pseudomonas aeruginosa) in combination with polymyxin B, demonstrating the broad-
spectrum therapeutic potential of cannabinoids (Farha et al., 2020).

In a study investigating the potential role of cannabigerol as an anti-biofilm and anti-
guorum sensing agent against Vibrio harveyi, it was determined that concentrations of
cannabigerol that did not affect planktonic bacterial growth reduced the bioluminescence and
biofilm formation of V. harveyi regulated by quorum sensing. In addition, it was found in the
study that cannabigerol decreased the motility of V. harveyi in a dose-dependent manner (Agawi
et al., 2020).
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CONCLUSIONS
Bacterial or fungal biofilm formation is an important virulence factor that inhibits the
control of pathogens and the treatment of infections caused by related microorganisms. Much
research has been and is still being done to find alternatives to current antibacterial/antifungal
treatments. Studies clearly show that Cannabis sativa has antimicrobial activity. However, it is
not easy to prevent biofilm-based infections. Recently, although limited, studies in which
Cannabis sativa is effective on biofilm have also been published.
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ABSTRACT

Meloidogyne spp. was first detected in the UK but is now a worldwide problem for tomato and
other Solanaceae crop production, threatening production both in open fields and greenhouses.
If appropriate control measures are not taken 15- 85 % vyield losses can take place. Tolerances
of the plants themselves, as well as chemical spraying and biological agents, are of great
importance for damage prevention. Understanding and engineering these gene mechanisms is
of great importance for development of tolerant varieties against Meloidogyne spp. Plant
resistance(R) proteins recognize pathogen virulence (Avr) determinants and trigger plant
defense mechanism. Then the carefully organized dynamic defense regularly emerges as a
Hypersensitive Response (HR) and the defense becomes active. As a result of these changes,
new studies identified new components of Mi-1-mediated resistance to the nematodes. In this
study we review the molecular mechanisms of tolerance against Meloidogyne spp. in tomato.

Key words: Meloidogyne spp., defense mechanisms, host response, Solanum lycopersicum,
Mi-1 genes

INTRODUCTION

Tomato is one of the most important vegetables grown in the world. They also contain high
levels of lycopene, an antioxidant that reduces the risks associated with many cancers and
neurological diseases. The homeland of the tomato includes Chile, Peru and Ecuador in western
South America. In addition, it was determined that there are 2 endemic wild tomato species in
Galapagos Island (Darwin et al. 2003). Solanum peruvianum L. is the most common and
polymorphic wild tomato species. It has been stated that the possible ancestor of the tomato,
which is an annual plant, is the wild cherry tomato (Solanum lycopersicum var. cerasiforme)
(Jenkins 1948; Akkurt et al. 2013). It has been reported that in ancient Mexico, the tomato was
grown for food and was called “tomati” (Boswell 1937). Tomatoes are used fresh or in various
forms such as peeled, chopped, frozen, canned, tomato paste, ketchup, pickles in the food
industry (Causse et al. 2016).

After it became widespread in the European Mediterranean countries in the 16th century, it
is cultivated in many parts of the world in the 20th century (Yazgan and Fidan 1996). 189.1
million tons of tomatoes were produced around the world in 2021. China ranked first in tomato
production and harvested area in 2021. Tiirkiye ranked 3 rd in world tomato production in 2021.

Tomato production; 8.7 tons in 2021/22. According to the 1st Estimation of Crop Production
by TURKSTAT for 2023, tomato production is expected to be 13.5 million tons in
2023.Considering these data, the importance of tomato in the country's agriculture is clearly
seen.

There are many pests and diseases that cause yield loss in tomatoes. Root-knot nematodes,
which are plant parasitic nematodes that feed as endoparasites, also cause serious damage to
tomatoes (Bleve-Zacheo et al. 2007). Root-knot nematodes (Meloidogyne spp.) are spread all
over the world and have a wide host range (Sasser 1980, Karssen and Moens 2006). The four
most important pests worldwide are Meloidogyne javanica (Treub) Chitwood, Meloidogyne
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arenaria (Neal) Chitwood, Meloidogyne incognita (Kofoid et White) Chitwood and
Meloidogyne hapla Chitwood (Netscher and Sikora 1990). Root-knot nematodes are obligate
parasites that feed only on the cytoplasm of living plant cells (Willamson and Hussey 1996).
They become adults after four larval stages (Luc 1990). It is a second instar larva (J2) that
penetrates the root and moves to an area near the vascular tissue to create a permanent feeding
site (Williamson and Hussey 1996). After J2 enters the root, it moves between the cells in the
vascular cylinder and fixes itself when it determines the feeding area (Abad and Williamson
2010). They cause the formation of giant cells in the area where they feed. The swellings that
occur on the root surface as a result of growth in giant cells are called galls or galls (Williamson
and Hussey 1996). The resulting galls significantly restrict the nutrient and water uptake of the
roots from the soil. Then, they cause yellowing, wilting, stagnation in growth, deterioration in
fruit quality and decrease in yield. In addition, they increase the formation of diseases by
causing soil-borne pathogens to enter through the wounds they open.

It has been reported that Meloidogyne spp. causes an annual loss of 157 billion dollars
worldwide (Abad et al. 2008). In addition, disease severity increases as a result of co-infection
with soil-borne pathogens (Lambert and Bekal 2002). That's why it's so important to
management. Cultural measures, physical control, biological control and chemical control
methods are used. Chemical control is the most used method for controlling root-knot
nematodes (Gowen et al. 2007). Despite this, the use of nematicides is decreasing in some
regions of the world (Nyczepir and Thomas 2009). In addition, the prohibition of widely used
fumigant such as methyl bromide (methyl bromide) has increased the search for alternatives in
chemicals. Studies are carried out on alternative methods of struggle that will not cause the
stated results. One of them is the use of biological organisms. The difficulty of adaptation of
these organisms to environmental conditions and the cost of the preparations limit their use.
Therefore, the use of resistant varieties comes to the fore (Rotino et al. 2002; Toppino et al.
2008). However, host resistance, which is one of the cultural methods, is known as the most
effective and environmentally friendly method against root-knot nematodes (Devran and Sogiit
2014).

Resistant varieties provide ease of application and provide an environmentally friendly
solution without the need for special tools and equipment (Lopez-Perez et al. 2006; Cortada et
al. 2009; Verdejo-Lucas et al. 2009). Resistance prevents the reproduction or development of
the nematode through the resistance genes it carries or keeps it at a very low level (Boerma and
Hussey 1992, Roberts 2002). Resistant varieties suppress root-knot nematode and reduce the
need for chemical control (Williamson 1999).

1. Resistance to Root Knot Nematodes

Resistance to root-knot nematodes was reported for the first time in a wild tomato species,
Solanum peruvianum (Bailey, 1941). This resistance gene, called the Mi-1 gene, was transferred
to S. esculentum, the cultivar of tomato, by embryo rescue technique (Smith, 1944). Today,
commercially developed root-knot nematode resistant cultivars carry this gene (Yaghoobi et
al., 2005). Many genes (Mi-2 to Mi-9) have been identified against the root-knot nematode,
except the Mi-1 gene (Capnet al., 1993; Yaghoobi et al., 1995; Veremis & Roberts, 19964;
Veremis & Roberts., 1996b; Milligan et al., 1998; Ammiraju et al., 2003). Knowing the
characteristics of resistance genes and their responses to nematodes is important for breeding
and control.

Plants have developed different defense mechanisms to protect themselves from diseases
and pests. Resistance, which is one of these mechanisms, has been defined as the ability of the
plant to prevent, eliminate or reduce the attacks of disease agents and pests (Wingard, 1953).
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For entomologists, the "hardy" plant is less affected by the same population of the pest (Painter,
1951). In general, a nematode-resistant plant is one that can inhibit the growth of the nematode
compared to a non-resistant one (Cook & Evans, 1987; Trudgill, 1991; Barker, 1993).

Plants first show a passive response consisting of physical barriers to protect themselves
from the pathogen. Thickening of the cell wall as a result of lignin accumulation is one of these
barriers (Tor, 1998). Important plant hormones such as salicylic acid, jasmonic acid and
ethylene play a role in defense (Kunkel & Brooks, 2002). Another defense mechanism is the
hypersensitivity reaction (Hypersensitivity Reaction-HR) created by the resistance genes
(Willamson & Hussey, 1996).

The emergence of resistance in plants occurs when the resistance gene (R) in the host and
the avirulence gene (avr) products of the pathogen match each other (Flor, 1955). Resistant
plants prevent the reproduction or development of the nematode through the genes they carry
(Roberts, 2002). These plants protect the plant from nematode damage and reduce the nematode
population (Lopez-Pérez, 2006). Tolerant plants, on the other hand, cannot suppress the growth
of nematodes, but prevent yield loss (Gonzalez, 2009).

Root-knot nematodes cannot form a feeding zone in a resistant plant (Milligan et al., 1998).
In order to create a feeding zone, a hypersensitive reaction occurs immediately in the cell to
which it inserts its stylet. In the incompatible interaction of the plant with the nematode, O is
produced enzymatically outside the cell and is converted to hydrogen peroxide (H202), a
compound that can pass through the cell membrane (Bleve-Zacheo et al., 2007). H202 begins
to accumulate rapidly in the cells, and oxidative combustion occurs along with it. The first
symptoms of the hypersensitive reaction resulting from the incompatible relationship appear
approximately 12 hours after the nematode inoculation (Dropkin, 1969a; Milligan et al., 1998;
Bird & Kaloshian, 2003). As a result, the nematode dies before it can form a feeding place
(Verdejo-Lucas et al., 2012). In case of a compatible interaction between the nematode and the
plant, H202 is produced 12 hours after the nematode enters the plant, but after 48 hours H202
cannot be detected. The reason why H202 could not be determined is the activity of the genes
responsible for the enzymes that prevent oxidative combustion. As a result, structures called
giant cells are formed (Apel & Hirt, 2004; BleveZacheo et al., 2007).

Resistance to root-knot nematodes in tomato is provided by the Mi-1 gene. In tomato, it is a
dominant gene called Mi-1 that provides resistance against M. incognita, M. javanica and M.
arenaria. It was named after the nematode species (M. incognita) used in tests to determine the
resistance status of plants (Gilbert & McGuire, 1956). Mi gene was found in S. peruvianum
(P1128657) and hybrid plant was obtained using embryo rescue technique since it could not be
hybridized with culture forms using conventional breeding methods (Smith 1944). The widely
used Mi-1 gene against root-knot nematodes comes from this source (Ammati et al., 1986). Mi-
1 gene is 7 homologous genes (Mi-1.1, Mi-1.2, Mi-1.3 and Mi-1.4, Mi-1.5, Mi-1.6, Mi-1.7 2
clusters in the 650 kb region of the short arm of the 6th chromosome of tomato) are available
as. Of these homologues, Mi-1.3 and Mi-1.5 are pseudogenes. As a result of studies carried out
in plants to which homologous genes are transferred, it has been determined that resistance is
provided by Mi-1.2 (Milligan et al., 1998) (Table 1). The cytoplasmic protein encoded by Mi-
1.2 consists of 1257 amino acids. This resistance gene motif is called CC-NBS-LRR. The
nucleotide binding site of this structural motif is called NBS (Nucleotide Binding Site), the
LRR portion with leucine amino acid-rich repeats (Leucine Rich Repeat) and the helical motif
at the amino end of these proteins is called CC (Coiled-coil) (Milligan et al., 1998; Hwang &
Williamson, 2003).

Mi-1.2 gene was found to be resistant to Meloidogyne species as well as some biotypes of
potato aphid [Macrosiphum euphorbiae (Thomas)] and cotton whitefly [Bemisia tabaci
(Gennadius)] B and Q biotypes (Nombela et al. 2003).
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Table 1: Characteristics of genes providing resistance to root-knot nematode (Meloidogyne
spp.) in tomato

Gene Source Resistant Species Temperature Chromosomal Location  Literature
M1 (M) S peruvianum M. incognita <28°C 6 Miligan et of , 1998
PIN2B65T M. jovanica
M. arenans
Mi-2 S. peruvianum M. incognita 2c - Cap et al, 1993
PI270435-2R2
M-3 S peruvianum M. incogmita 32'c 12 Yaghoobi et al.. 1985
P1126443- 1MH
M S arcanum M. arenaris a2°Cc Veremis & Roberts
LA17084 19962
M5 S peruvianum M. incognita 32°C 12 Veremis & Roberts,
P1126443.1MH 19960
M-8 S peruvianum M. incognita 2'c 6 Veremis & Roberts
P12704353MH 19960
M7 S. peruvianum M. incognita <28°C 6 Veremes & Roberts
Pi270435-3MH 19960
M-8 S peruvianum M. incognita <28'C 6 Veremis ve Roberts
P1270435-2R2 1986b
M9 S arcanum LAZ157 M. incognita j2°c 6 Ammiraju ot ., 2003
M. javanica
M. arenana

2. Naturally Resistant Resources

Several Mi-genes have been detected in some tomato lines, genotypes, and cultivars. These
genes confer resistance against root-knot nematodes. Many resources of resistance have been
discovered since 1944. Which resistance genes some of these plants contain is still not known.
The preferred and safest method for controlling RKNs is in the discovery of new resistant
plants. It is important to perform an extensive evaluation of tomato plants whose resistance has
not been determined.

2.1. The Mechanism of Natural Resistance

Tomatoes, like all plants, undergo several modes for protection and immunity. The plant has
an innate immune system that can recognize pathogen-associated molecular patterns. PAMP-
triggered immunity (PTI) is the first defense line of response of the plant to pathogens. The
extra cellular receptor proteins, receptor-like kinases (RLK), and receptor-like protein (RLP)
are initiation factors and activators of the first defense line. The second defense line is triggered
by intracellular proteins that contain a nucleotide-binding site (NBS), a toll-like interleukin
receptor (TIR), which is not found in the Mi-1 gene, and leucine-rich repeats (LRRs). During
the second-line defense, there are two modes of pathogen interaction: direct and indirect.

The first pathway depends on a gene-for-gene interaction. In this mode, the receptor protein of
tomato directly interacts with the nematode effectors. According to Flor’s theory, the
inheritance of both resistances in the tomato and the RKN’s ability to cause disease are
controlled by pairs of matching genes. The first gene, like the Mi-1 gene, is in the tomato, and
the other one is in RKNs and is called a virulence (Avr) gene. One of the responses of this type
of defense is localized programmed cell death (PCD), one of the most important responses. This
is a type of hypersensitive response (HR) (Figure 3). After the nematode enters the root of the
plants; the nematode Avr genes produce effectors that trigger the production and the expression
of plant Mi-resistant genes in an incompatible interaction. The result, because of this theory, is
that no feeding site (giant cell) is formed. The second defense mode is not a direct gene-for-
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gene interaction, but an alternative mode called the guard hypothesis. The mechanism in this
theory consists of pathogen effectors that trigger the virulence factors/protein of the plant,
which finally induces R-gene. In these cases, the virulence factor of nematodes (Avr genes)
interacts with tomato accessory protein, resulting in some modification of this accessory
protein, which allows for the recognition by plant NBS-LRR proteins that monitor for infection.
The last result of this indirect interaction is the prevention of the production and growth of
nematodes by the inhibition of the formation of feeding sites.
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Figure 2. The mechanism of natural resistance against the root-knot nematode (RKN). (a) In
susceptible plants, where there are no Mi-genes, the nematode completes its life cycle in the
root by forming giant feeding cells. (b) In the resistance case, the plant undergoes the first
defense line against RKN penetration by the interaction between extracellular receptor proteins,
receptor-like kinases (RLK), receptor-like protein (RLP), and nematode effectors. (c) The plant
then begins the second defense line, which includes direct gene-for-gene interaction. This
theory depends on direct interaction between the receptor protein of tomatoes and nematode
effectors, producing Mi-proteins, which prevent the nematode from feeding. No giant cell
formation is observed. (d) The other second defense line is an indirect pathway, which is
referred to as the guard hypothesis. In these cases, the virulence factor of the nematode (Avr
genes) interacts with tomato accessory protein.
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Figure 3. Hypersensitive response of Mi-1 after nematode infection. The nematode Avr genes
trigger the tomato Mi-1 resistance gene(R-gene) to be active under the salicylic acid pathway
with inhibition by both cytokinin and high temperature

3. Different Approaches to Strengthening Natural Resistance

3.1. Marker-Assisted Selectionin Breeding Programs

Marker-assisted selection (MAS) means the use of a binding pattern of linked molecular (DNA)
markers for indirect selection in the desired plant phenotype. MAS is based on the concept that
the presence of a marker that is tightly linked to the gene of interest indicates the presence of
that gene.The improvement of new resistance plants has many benefits. The two most important
benefits of using molecular breeding are first that it is less harmful to the environment than
pesticides, and second that it is less expensive. Tomatoes are considered one of the most optimal
plants for using molecular markers in commercial breeding. Moreover, molecular markers
linked to the Mi-1 gene have enabled the rapid screening of resistance alleles, without requiring
nematode inoculation. The use of molecular marker technologies in sync with new breeding
techniques is promising for the a dvancement of tomato breeding.

3.1.1 Genetic Engineering in Controlling RKN

Although molecular breeding is the method that is most applied to achieve resistance against
root-knot nematodes in tomato plants, genetic engineering is a future aspiration for further
increases in resistance

3.1.2 Transfer Resistance Genes

This strategy is based on two foundations. The first is the transfer of a resistance gene from
other plants to tomatoes. The second is the transfer of the Mi resistance gene from resistant
varieties to susceptible one with high production qualities. Several resistance genes from
different plants have been successfully transferred to tomatoes. These tomatoes transformed
with new genes reduce diseases in transformed plants. Transgenic tomatoes with these genes
would be novel sources for resistance against root-knot nematodes. Moreover, cloned Mi-1 is
a good candidate for transfer to susceptible plants. There are more difficulties in understanding
the mechanism of R-genes in other plants of the sames pecies or plants of another family. There
have been many contradictions in previous studies in the case of other transformed solanaceous
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plants with the Mi-1 gene. Transgenic tomato plants showed reduced chitin content and
retardation in embryogenesis in nematode eggs.

3.1.3 Resistance Effectors

Proteinase inhibitors (PIs) are one of the most promising methods for managing nematodes.
Proteinase inhibitors are protein molecules secreted by pathogens, which inhibit the function of
proteinases.Different types of proteinase have been identified in tomatoes.

CONCLUSIONS

Considerable potential has been developed in recent years for improving rootknot nematode
resistance in tomato and other crops. The Mi gene of tomato has provided effective resistance
to three root-knot nematode species for many years. The availability of a clone of Mi will allow
introduction of this gene into selected varieties and possibly other crops, further expanding its
use. However, Mi will not solve all root-knot nematode problems; it is not effective against all
species or isolates of this nematode. In addition, the failure of Mi at high temperature can be a
problem in the field. It is possible that in vitro modifications of the cloned gene will improve
the range of nematodes controlled by Mi. For example, it may be that the partial resistance
against M. hapla can be improved or the temperature sensitivity can be reduced by
modifications in the structure, expression, or signal transduction of Mi. Other resistance genes
into cultivated tomato using classical or marker-assisted breeding may also broaden the basis
of root-knot nematode resistance. As technology advances, cloning of these genes directly from
the wild species may be a faster route than conventional breeding for transferring the gene to
elite cultivars or other species. However, even now there are virulent root-knot nematode
isolates that can infect all currently identified sources of resistance. Continued searches of
germplasm are needed to identify new sources of resistance. Artificially engineered resistance
based on antisense technology or expression of anti-nematode proteins may be an additional
source of resistance. Strategies to best use Mi and other genes to maximize their useful lifespans
need to be developed. The gene Mi, which confers resistance to several species of root-knot
nematode, is present in many modern tomato cultivars. Recent cloning of this gene revealed
that it encodes a member of the plant resistance protein family characterized by the presence of
a putative nucleotide binding site and a leucine-rich repeat. Although highly effective in many
conditions, Mi fails to confer resistance at high soil temperature, and Mi-virulent nematode
isolates have been identified in many areas of the world. These findings have stimulated efforts
to identify new sources of root-knot nematode resistance. Resistance genes that differ from Mi
in properties and genetic position have been identified in Lycopersicon peruvianum. These
genes, as well as the cloned Mi gene, provide a resource for broadening the base of root-knot
nematode resistance in tomato and other crops.Is pyramiding several resistance sources in
selected elite cultivars the best solution or will it promote the spread of supervirulent
nematodes? Getting a better understanding of nematode virulence is an important consideration
for developing control strategies. As chemical control is reduced, the need for better
understanding and implementation of host resistance and pathogen virulence will continue to
increase.
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ABSTRACT

The study aims to describe and map the habitat types of the middle section of Devoll River
watershed, where human activity is very high and transformative, using EUNIS classification.
Results show that 26.5% of the study area is covered by habitats of high human activity. Among
them, semi natural habitats created as result of high and persistent human activity occupy 11%
and are represented by E5.3(Pteridium aquilinum fields), G4 (Mixed deciduous and coniferous
woodland), G1.7C2 (Carpinus orientalis woods).  Acrtificial habitats such as agricultural areas
and villages occupy 14% of the study area and are represented by J1 (Buildings of cities, towns
and villages) and X25 (Domestic gardens of villages and urban peripheries). The habitat type
C1.33 (Rooted submerged vegetation of eutrophic water bodies) represents aquatic habitats
with rooted macrophytes of artificial ponds and lakes. Hydropower dams constructed in
Moglicé village and Banjé turned a huge area of Devoll River flow into permanent lakes with
high fluctuation of water level and with few pioneer and ephemeral vegetation in the lake shore.
Habitats C1.2 (Permanent mesotrophic lakes, ponds and pools) and C3.5 (Periodically
inundated shores with pioneer and ephemeral vegetation) are present in these man-made
permanent lakes. Although human activity is high, the habitat G4 is very rich in plant species.
Among them, many species are of conservation interest such as Anacamptis pyramidalis,
Juniperus oxycedrus, Hypericum perforatum, Orchis sp., Ophrys sp., etc.

Keywords: EUNIS habitats, human activity, watershed of Devoll River, plant species of
conservation interest

INTRODUCTION

The watershed of the middle section of the Devoll River extends in an area of 1,017 km?,
which makes 3.5% of Albanian territory. It is located in the South-Eastern Albania  and it
includes territories from Elbasan, Gramsh, Kor¢é and Skrapar districts (Fig. 1). The area is
characterized by a high range of altitudes (from 100 m to 2373 m above the sea level), complex
topography, highly variable rock substrates, soil types, and complex hydrological system. The
climate conditions are relatively continental and sub-alpine climate prevails but with
Mediterranean influences in the lower altitudes (Kabo, 1990; 1991; Norconsult, 2010). These
ecological conditions are reflected in a wide floristic diversity, vegetation  and habitat types.
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Figure 1. Geographic position of the study area

The first floristic data were published by Markgraf (1927; 1931) and Demiri (1959). Later
studies and publications for the area have been mostly sporadic (Paparisto and Qosja, 1976;
Go6lz and Reinhard, 1984; Vangjeli et al., 2000, a; Barina and Pifko, 2008; 2011; Shuka and
Tan, 2009; Mullaj and Tan, 2010; Meyer, 2011; Mersinllari, 2008; 2014). Studies on the
vegetation of this area are even less. Only a few data about the communities of sedge, ash, black
pine and alpine pastures in Valamara mountain have been published by Vangjeli (1983),
Mersinllari (1988), Hoda (1989), Buzo (1990) and Vangjeli et al. (2000, b). First comprehensive
data on habitats according to EUNIS and Annex | of Habitats Directive classifications were
published on period 2016-2019 in the framework of Mego's PhD research thesis (Mego and
Mullaj, 2016; Mego et al., 2017, a; et al., 2017, b; et al., 2018, etc).

Flora and vegetation of the area are a precious value for the local community, both as an
economic resource and for better life quality. Fire woods, timber, pastures for livestock or
medicinal plants are provided by natural resources.

Depending on the type of anthropogenic impact, its intensity and duration, many habitats
have lost their naturality completely or partially. Following, new artificial habitats and
ecosystems have been created such as agricultural areas, urban areas, industrial areas,
infrastructural constructions, artificial lakes etc. Their expansiveness is huge but still they are
important for hosting biodiversity values. Therefore, this study is focused on floristic
description and mapping of semi-natural and manmade habitats.

MATERIAL AND METHODS

17 field trips were undertaken during 2016 - 2022 as a combination of floristic and
phytosociological trips to collect field data. Identification of semi-natural and artificial habitats
in the watershed of the middle section of the Devoll River were based on identifying diagnostic
species and by comparing the habitat features with habitat description of EUNIS calcification
(Davies et. al., 2004). For semi-natural habitats, few phytosociological relevés (Br-Bl, 1964)
were also carried out mainly in Carpinus orientalis formations and mixed deciduous forest.
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1000 sampling points were recorded as georeferenced data (GPS Garmin) and all of them
were accompanied with ecological data and information on floristic composition and
vegetation. The plant identification was done according to Flora Europaea (Tutin et al., 1968;
etal., 1980; et al., 1993) and Flora of Albania (Paparisto et al., 1988; Qosja et al., 1992; et al.;
etal., 1996; Vangjeli, 2015).

Habitat maps were designed in ArcMap 10.1 in WGS 1984. (Environmental Systems
Research Institute, New York, NY, USA). Shapefiles were built by interpreting field data and
aerial photographs. The main attribute table was created with data such as: coordinates and the
main vegetation communities. It was used as layers for geospatial information the orthophotos,
which were taken from ASIG (asig.gov.al/english/index.php) and large scale vegetation maps
(Corine Land Cover map) (Devillers et al. 1991).

Since the aerial photos are insufficient to separate and delimit all habitat types, repeated
field surveys were undertaken, by making new transects. Subsequent field work missions were
undertaken as a quality control measure to verify map information.

RESULTS AND DISCUSSION

The geographical position of watershed of the middle section of the Devoll River, the
amplitude and the high relief diversity, the rock substrate, the soil types, the climatic and
hydrological conditions, have brought in a very rich flora. The species composition depending
on the similar requirements to the environmental conditions form a variety of plant associations
and habitat types. The presence of the anthropogenic impact is present almost everywhere, and
it is very high in a surface of about 35,976 ha or 26.5% of the study area, changing the natural
habitats and creating semi-natural or completely artificial habitats such as wood cutting,
overgrazed pastures, mixed deciduous forest and pine plantations, agricultural lands, water
bodies and lakes, etc.

8 EUNIS habitats of high human impacts are identified and described:
C1.2-Permanent mesotrophic lakes, ponds and pools

The Devoll River flow is highly impacted by dam construction in this section. Two large
dams, Banja and Moglica, were built, which created two lakes, where large areas were flooded.
The most affected are the habitats listed in Annex | of the Habitats Directive, such as: 92D0
(124.91ha); 9340 (107.48 ha); 5110 (83.79 ha); 92A0 (81.5 ha); 5210 (79.86 ha); 9250 (71.82
ha); 3270 (43.69 ha); 9530 (14.47 ha); 9540 (9.45 ha); 6210 (2.74 ha); 9280 (0.39 ha); 92C0
(0.18 ha), reported by Meco and Mullaj (2016) and Mego et al. (2018).

The lakes of Banja and Moglicé have flooded many agriewhtural-lands on both sides of
the river, as well. There are 438.04 ha of abandoned arable land and 397.07 of regularly or
recently cultivated agricultural, horticultural and domestic habitats, to be flooded.

These two water reservoirs represent permanent lakes with high amplitude fluctuation.
Generally, water quality of the basin is good but is polluted by urban wastewaters from Gramsh,
Maliq, Kor¢€ and Bilisht (Norconsult, 2010). Due to high water fluctuation and the young age
of the basin, the riparian vegetation and rooted macrophytes are not installed. Only, some green
algae and pioneer plant species live in the shallow water near the lakeshore and on muddy
substrate above the water level in summer.

C1.33-Rooted submerged vegetation of eutrophic water bodies

This habitat represents all the artificial water bodies of the study area, with perennial
macrophytes rooted in the shallow bottoms of these reservoirs or water basins. The dominant
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species belong to the genus Potamogeton, alliances Potamion lucentis Vollmar 1947 and
Potamion pusilli Wiegleb 1982. Other frequent species are Myriophyllum spicatum and M.
verticillatum. Often, during the summer these aquatic environments dry up completely.

In this habitat type, we have included all the small reservoirs, ponds and artificial fields
built by humans, such as Posnovisht Reservoir, Bratila Reservoir and some ponds created to
provide water for livestock during the summer period. The total surface of this habitat type in
the study area is around 14.7 ha.

C3.5-Periodically inundated shores with pioneer and ephemeral vegetation

This habitat type occurs mostly in shallow waters of Banjé artificial lake, close to
Trashovica bridge, where the river flow joins the lake. In summer, lake level drops and the
alluvial substrate deposited by Devoll River comes to surface. When these alluvions start to dry
up, some annual species start growing such are Bidens tripartita, Persicaria hydropiper, P.
lapathifolium, Rumex conglomeratus, Xanthium strumarium, Equisetum telmateia, Cyperus
glomeratus, C. fuscus, Echinochloa crus-galli, etc. The plant composition of this habitat type
is very similar to habitat 3270 (Rivers with muddy banks with Chenopodion rubri pp and
Bidention pp vegetation) of annex 1 of Habitats directive, reported by Meco and Mullaj (2016)
on the muddy river bank of Devoll River, partly flooded already by the artificial lakes of
hydropowers.

E5.3-Pteridium aquilinum fields

The habitat represents the last stage of degradation of forest formations, forming open
areas dominated by Pteridium aquilinum. The P. aquilinum fields appear as a result of massive
cutting of trees, followed by burning of the area that clears completely the vegetation from the
soil surface and the first heavy rains wash it down from the nutrients. These surfaces, pure in
nutrients already, are populated by P. aquilinum, which often forms very dense fields,
characterized by low floristic diversity. The most common accompanying species are Fragaria
vesca, Brachypodium pinnatum, B. sylvaticum, Viola odorata, Dactylis glomerata, Scilla
autumnalis, etc.

G1.7C2-Carpinus orientalis woods

This habitat occurs between 400m and 900m above sea level, on different substrate types,
exposition and slopes. Carpinus orientalis forests and scrub formations extend widely, but
mostly in the northwest part of the study area, on hills along both sides of the old Elbasan-
Gramsh road to the Kagivel village and on hills of Sotiré village. The formations with C.
orientalis represent a degradation stage of mixed broadleaf oak forest dominated by Quercus
cerris, often with the presence of Quercus pubescens and Quercus frainetto. The total surface
of this habitat is about 10188.36 ha that makes 10% of the study area or 45.8% of the total oak
phytoclimatic layer in that area. As result of intensive cutting, grazing and fires 1685 ha of C.
orientalis formations are very degraded stage.

The hornbeam formations are dominated by Carpinus orientalis cover 70%, but with a
high presence of: Acer platanoides, Colutea arborescens, Cornus mas, Coronilla emerus,
Cotinus coggygria, Crataegus monogyna, Fraxinus ornus, Juniperus oxycedrus, Phillyrea
angustifolia, Quercus pubescens, Rubus ulmifolius, Acer monspessulanum, Paliurus spina-
christi, Cercis siliquastrum, Cornus sanguinea, Hedera helix, Tamus communis, Teucrium
polium, Buxus sempervirens, etc. Among the herbaceous plants there are: Primula vulgaris,
Anemone apennina, Asparagus acutifolius, Brachypodium sylvaticum, Buglossoides
purpurocaerulea, Clinopodium vulgare, Cnidium silaifolium, Cynosurus echinatus, Helleborus
odorus, Lathyrus niger, Luzula forsteri, Melica ciliata, Potentilla micrantha, Prunella vulgare,
Ruscus aculeatus, Satureja montana, Symphytum bulbosum, Thymus longicaulis, Vicia
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grandiflora, etc. In dense formations, the herbaceous layer is often very poor and with a high
presence of mosses.

These formations don’t have a clear physionomy and are generally characterized by a low
floristic diversity, and high presence of species typical for disturbed areas. They are found
almost all over the territory of Albania, often forming dense forests with a height of around 3
m and about 20 years old.

G4-Mixed deciduous and coniferous woodland

Mixed deciduous forests with coniferous (Pinus nigra) are found fragmented at altitudes
ranging from 350m to 1200m above sea level, from the hills above Bulgaré village close to
Dushku lake. The total surface of this habitat is 771.2 ha or 0.7% of the study area. The most
important floristic elements of these forests are Pinus nigra mixed with Quercus cerris, Q.
frainetto, Q. pubescens. Very frequent are also: Quercus trojana, Carpinus orientalis, Fraxinus
ornus, Ostrya carpinifolia, Juniperus oxycedrus, Acer obtusatum, Coronilla emeroides,
Cotinus coggygria, Brachypodium pinnatum, B. sylvaticum, Aremone agrimonoides, Digitalis
laevigata, Crataegus monogyna, Campanula trachelium, Clematis vitalba, Rubus idaeus,
Euphorbia spinosa, Scrophularia canina, Alyssum murale, Dictamnus albus, Inula spiraeifolia,
Helleborus odorus, Acer monspessulanum, Pteridium aqualinum, Luzula forsteri, Campanula
persicifolia, Myosotis sylvatica, Viola odorata, Dactylis glomerata, Primula veris, Poa
bulbosa, P. nemoralis, Veronica chamaedrys, Euphorbia amygdaloides, etc. Most of these
forests have been overexploited as a result of cutting, overgrazing, coppices of new oak
branches for livestock, etc.

This habitat type hosts many species with conservation interest. In open woodland or
along the forest adge there are found many orchid species such are Anacamptis pyramidalis,
Listera ovata, Neottia nidus-avis, Ophrys apifera, O. scolopax, O. sphegodes, Orchis
coriophora, O. mascula, O. morio, O. tridentata, ect. Juniperus oxycedrus, J. communis and
Hypericum perforatum that have conservation status VU according to Albanian Red List (2013)
and LC according to IUCN (2016), are also frequent in this habitat type.

J1-Buildings of cities, towns and villages

Rural and urban areas populate the watershed of the middle section of the Devoll River,
from the lowest parts along the Devoll River to about 1500m above sea level. The Gramsh town
is the largest urban area. The vegetation around these settlements and roads side forms patches
dominated by nitrophilous and ruderal species such as: Urtica dioica, U. urens, Sambucus
ebulus, Chenopodium album, Cirsium vulgare. Sonchus oleraceus. Marrubium vulgare, M.
peregrinum, Solanum nigrum, Datura stramonium, Portulaca oleracea, Ballota nigra,
Parietaria officinalis, Heliotropium europaeum, etc. Often the vegetation of these disturbed
area is dominated by invasive alien species such as: Robinia pseudacacia, Dittrichia viscosa,
Conyza canadensis, Aster squamatus, Ailanthus altissima, etc. and frequently medicinal plant
species are found such as Tussilago farfara and Hypericum perforatum.
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Figure 2. The habitat map of high human impact in the watershed of the middle section of the
Devoll River

X25-Domestic gardens of villages and urban peripheries

Agricultural gardens of villages and urban peripheries in the study area are widespread in
soils that range from shallow and low calcium content (in the upper part of the watershed) to
deep soils with higher nutrient content that are formed by alluvial deposits along the river
course. The most important agricultural crops of agricultural gardens are: corn, beans, barley,

alfalfa, but also by fruit trees (apples, olives, plums, etc.), vineyards and medicinal plants
(lavender, sage, cyan, etc.).
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The spontaneous flora of these agricultural lands is represented by weeds such as:
Agrostemma githago, Ranunculus arvensis, Papaver rhoeas, Legousia speculum-veneris,
Capsella bursa-pastoris, etc., which are more present in winter crops. Nitrophilous plants such
as: Polygonum aviculare, Amaranthus retroflexus, Chamomilla recutita etc. are more present
in spring crops. A high presence of invasive alien species such as Dittrichia viscosa, Conyza
canadensis and Aster squamatus are often present.

CONCLUSIONS

Due to anthropogenic activities, about 26.5% of the territory of the middle section of
Devoll River watershed has lost its naturalness but is still hosting important floristic values in
semi-natural and artificial habitats. Anacamptis pyramidalis, Listera ovata, Neottia nidus-avis,
Ophrys apifera, O. scolopax, O. sphegodes, Orchis coriophora, O. mascula, O. morio, O.
tridentata, Juniperus oxycedrus, J. communis, etc., are some of the species of high conservation
interest.

Among the described habitat types, semi natural habitats such as E5.3 (Pteridium
aquilinum fields), G4 (Mixed deciduous and coniferous woodland) and G1.7C2 (Carpinus
orientalis woods) cover 11% of the study area while, the artificial habitats C1.2 (Permanent
mesotrophic lakes, ponds and pools), J1 (Buildings of cities, towns and villages) and X25
(Domestic gardens of villages and urban peripheries) cover 15%.

Recent interventions such as the creation of water reservoirs from operation of Devoll
hydropower plant inundated 12 habitats of Annex | of the Habitats Directive of the area reported
by Meco and Mullaj (2016) and Mego et al. (2018) with a total surface of 620.3 ha.

The major concern for the area, its naturalness, diversity and conservation is the intense
and high human activities resulting in a tendency of future man made landscape and complete
loss of biodiversity and habitats. For this not to happen, important information should be
published and communicated to decision makers and a wide range of stakeholders to strongly
and seriously consider conservation measures, nature restoration and management.
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ABSTRACT

Mastitis affects dairy cattle often and has a significant economic impact. In addition, One of the
most prevalent illnesses affecting calves is diarrhea, which costs livestock producers
significantly less in terms of economic production. Escherichia coli (E. coli) is one of the
leading infectious agents associated with mastitis and calf diarrhoea. Intimin protein in E. coli
is encoded by the eae gene and is required to disrupt the host cell's cytoskeleton and facilitate
bacterial attachment. For this purpose, the causative agent was confirmed in PCR with the
intimine gene region primers. The widespread use of antibiotics on dairy farms is still one of
the main causes of the development of bacteria that are resistant to antibiotics.

This study aims to determine the antimicrobial resistance patterns of Escherichia coli isolates
isolated from bovine mastitis and diarrhea in Aksaray and Van provinces between 2018 and
2022 and to determine the prominent antimicrobial resistance among the isolated strains. For
this purpose, antimicrobial susceptibility testing against seven antibiotic groups, including
Penicillin, Florfenicol, Azithromycin, Novobiocin, Ciprofloxacin, Amoxicillin/Clavulanic acid
and Neomycin, was performed using the disc diffusion method. The study used 178 calf faeces
with diarrhea and 135 milk with mastitis, and 32 isolates were obtained. These isolates were
subjected to antibiogram testing after confirmation with intimin-K99 primers. While the study's
results were resistant to Penicillin, Novobicin and Amoxicillin/Clavulanic acid antibiotics for
all isolates, Florfenicol and Neomycin are the most sensitive. While some isolates are
susceptible to other antibiotics, some are resistant. As a result, both the detection of virulence
factors of the agent and antibiotic resistance should be considered in the fight against mastitis
and calf diarrhea, and antibiotics should be administered according to the antibiogram results
to prevent the development of resistance.

Keywords: Diarrhea, mastitis, antibiotics, disc diffusion

INTRODUCTION

E. coli, a facultative anaerobic, flagellate, rod-shaped bacterium, belongs to the
Enterobacteriaceae family. While the causative agent occurs as flora bacteria in the healthy
gastrointestinal tract of humans and ruminants, including milk-producing animals, some can
cause disease. One of the most prevalent Gram-negative bacteria associated with diarrhea and
mastitis is E. coli. (Hasson et al. 2022, My et al. 2023). The inflammation of the breast tissues
shapes the case of mastitis. This disease can be seen in many mammalian species, such as
domestic dairy cattle (Gomes and Henriques 2016). Mastitis is a disease that affects fertile
animals in herds and decreases milk yield. The use of serious antibiotics to treat the disease
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causes deaths several times a year and thus causes severe economic losses (Zhao and Lacasse
2008, Stevens et al. 2016, My et al. 2023).

E. coli agents use different virulence factors to infect the host. These virulence factors
include colicins, hemolysins, proteases, toxins, fimbria-like adhesion and cell surface (Hasson
et al. 2022). There is a need to define virulence characteristics in differentiating normal flora
bacteria and pathogenic strains (Giiler et al. 2008). Intimin protein in E. coli is encoded by the
eae gene and is required to disrupt the host cell's cytoskeleton and facilitate bacterial attachment
(Suleiman et al., 2020).

As in many bacteria, the multi-drug resistance (MDR) issue in E. coli is very current and
accepted as a public health threat worldwide. For the factor, livestock such as cattle are included
as known reservoirs (Bandyopadhyay et al. 2021). Proper use of antibiotics requires routine
antimicrobial susceptibility tests and screening of emerging MRD strains to determine the dose
and preferred antibiotic (Hetta et al. 2021, Kareem et al. 2021). There is limited information on
antimicrobial resistance profiles for the pathogen in Turkey.

In this study, antimicrobial resistance patterns of Escherichia coli isolates from bovine
mastitis and diarrhea in the provinces of Aksaray and Van between 2018 and 2022 were
examined, as well as the predominant antimicrobial resistance among the isolated strains.

MATERIAL AND METHOD

Sample collection

Between 2018 and 2022, 178 calf faeces with diarrhea and 135 milk with mastitis were collected
from Aksaray and Van provinces, and the samples were transferred to the laboratory at four °C within
3-4 hours.

Bacterial culture and identification

After the milk samples with mastitis and stool samples were delivered to the laboratory, 0.1 mL
of the samples were taken for the first isolation and inoculated into 5% sheep blood agar and MacConkey
agar. After incubation, the isolates were inoculated into EMB agar as a subculture, and those with a
metallic blue-green color were defined as phenotypic. Biochemical tests were performed with Gram
stain, catalase, oxidase, and triple sugar iron agar (Momtaz et al. 201A 3). A PCR test was performed
to confirm the isolates.

Antimicrobial sensitivity testing

According to previously described techniques, antimicrobial susceptibility testing was carried out
using the Kirby Bauer disk diffusion method on Mueller-Hinton agar (Sigma-Aldrich, USA) (Patel et
al. 2015). Antimicrobial susceptibility testing against seven antibiotic groups, including tested
antimicrobial agents, Penicillin, Florfenicol, Azithromycin, Novobiocin, Ciprofloxacin,
Amoxicillin/Clavulanic acid and Neomycin, was performed using the disc diffusion method. After
preparation on Mueller-Hilton agar (Sigma-Aldrich, USA) to McFarland 0.5 standard, springs were
placed on plates and incubated at 37°C for 24 hours. Sensitivity measurements were determined as
sensitive (3), moderate (2), low (1) and resistant (-) according to the diameter of the inhibition zone.

DNA extraction and PCR amplification

Following the manufacturer's recommendations, DNA was extracted from each E. coli isolate
using the Qiagen DNeasy Blood and Tissue Kit (Life Technologies, USA) and stored at -20°C until
further use. For amplification in each PCR tube content, a total of 25 pl of primers were prepared using
a total of 1 uM, four pl of Master Mix, 9.8 pl of sterile ultrapure water and five pul of DNA. This mixture
was amplified in a heat cycler with a 35-cycle reaction, each cycle consisting of 1 minute at 94°C, 1
minute at 58°C, and 30 seconds at 72°C after 5 minutes of pre-denaturation at 95°C. As a final extension,
after the DNAs were kept at 72 °C for 5 minutes, 1.5% agarose gel containing 5 pg/ml ethidium bromide
was prepared and subjected to electrophoresis for imaging. By using 100 bp DNA ladder as marker,
bands of approximately 424 to 314 bp in size of intimin primers (F 5- ATA TCC GTT TTA ATG
GCTATCT-3veR5-AATCTTCTG CGT ACTGTG TTC A -3)-K99 (F5- TAT TATCTT
AGG TGG TAT GG -3ve R5- GGT ATC CTT TAG CAG CAG TAT TTC -3), respectively,

were evaluated as positive (Giiler and Giindiiz 2007).
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RESULTS AND DISCUSSION

As a result of the study, Thirty-two isolates were isolated from 313 samples, 178 from
calf faeces and 1faecesom milk with mastitis. These isolates were verified by PCR according
to the primer sequences of the aeg gene region of the intimin protein, and the results are given
in Figure 1 with gel images.

Mo NBaSed SARE2=2-F

Figure 1. PCR images of 32 E. coli isolates isolated from calf diarrhea and mastitis (L: Leader)

To determine the sensitivity of antibiotics from the isolated E. coli agent, Antibiogram
Test was performed on 32 isolates obtained in the study, and the results are given in Table 1.
There are many studies on the virulence characteristics of E. coli from calf samples with mastitis
and diarrhea (Bag et al. 2021, Dubreuil et al. 2016). It has been reported that K99 fimbria in
calves in Turkey was detected in 30.2%, 35% and 16% of calves, respectively, in previous
studies (Erganis, et al., 1988, Uysal et al., 1992, Giiler et al. 2008). This study determined it as
positive in 11.23% of calf diarrhea. It has been reported that intiminin, one of the virulence
factors, can be isolated from bovine faeces anfaeceslthy calves (Mainil and Daube, 2005).
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Table 1. 32 E. coli isolates from calf diarrhea and mastitis were tested for antibiotic susceptibility.

Isolates  Penicilli  Florfenico Amok/clo  Azithromyci  Novobioci  Ciproflok  Neomyci

n I u n n S n

1 76 3 1 1
2 80 --- 3 - 1
3 108 2 1 3 1
4 112 3 1 3 2
5 114 3 1 2
6 115 2 1 1
7 116 3 1 1
8 117 3 2
9 118 3 1 3 2
10 290 3 2
11 314 --- 3 --- 2 1
12 319 2 1
13 474 3 1 1 1
14 475 --- 2 --- 2
15 476 2 1 2 1
16 477 --- 3 --- 1
17 478 3 1 2 2
18 481 - 2 --- 1 1
19 484 --- 3 --- 1 1
20 485 3 1 2 2
21 486 --- 3 --- 1 1 1
22 487 - 3 --- 3 1
23 490 --- 2 --- 3 1
24 491 3 3 1
25 492 3 2
26 493 --- 3 --- 2 1
27 494 3 1 1
28 502 --- 2 --- 1
29 503 - 3 --- 1 2
30 509 - 3 --- 2
31 510 --- 3 --- 1 2
32 511 - 2 --- 1

When the antibiogram results were evaluated, Florfenicol was considered sensitive for
all isolates and even the most sensitive for most of them. It can be regarded as sensitive
antibiotic preparation, along with neomycin and ciprofloxacin in some isolates. Florfenicol has
been used to treat bovine respiratory pathogens in Turkey since 1998. In previous studies, Orden
reported the rate of florfenicol resistance in E. coli calves as 1%, Hariharan 11%, Werckenthin
35%, White 92%, Giiler 9.3% (Giiler et al. 2008). In this study, florfenicol resistance was the
highest (100%).

In this study, it was determined that it was resistant to amoxicillin-clavulanic acid
antibiotics. Previous studies determined amoxicillin-clavulanic acid resistance in 35%
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(Werckenthin et al. 2002) and 12% (Giiler et al. 2008), respectively. In addition, all isolates
were found to be resistant to Penicillin and Novobiocin antibiotic plaques.

It was found that quinolone sensitivity was higher in strains that produced certain
virulence factors, such as K99, eae, and necrotoxin, compared to strains that did not produce
these factors (Orden et al. 1999). In another study, multidrug-resistant E. coli isolates were
found to be less virulent compared to susceptible ones (Johnson et al. 2004). A definite
relationship between antibiotic resistance and virulence has yet to be determined. Many studies
also determined multi-resistance in E. coli isolated from healthy animals. This shows that
microorganisms are resistant to antibiotics in humans with pathogenic strains and that more
antibiotics may be exposed (Madoshi et al. 2016). The relationship between antibiotic resistance
and virulence may vary depending on antibiotics and virulence factors, and more research is
needed accordingly.

CONCLUSIONS

By using primers for the intimin-K99 virulence genes of E. coli isolates recovered from
bovine mastitis and calf diarrhea, PCR testing was used to corroborate the study's findings.
Later, due to antibiotic susceptibility tests, florfenicol was found to be quite sensitive. The
studies examined show multi-antibiotic resistance in E. coli isolates from healthy and infected
animals. Regarding public health, it is clear that antibiotic susceptibility tests are essential to
reduce unessentialtibiotic use and for accurate diagnosis. In addition, studies between
antimicrobial agents and virulence factors need to be developed and done more.
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