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WELCOME NOTES

You are welcome to our 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 is 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 benefit from the interaction with each other.

In September 2018, it will be held the first edition of the AGBIOL Conference, with ambition
of the organizers to make it a periodical event. We are proud to announce that in the AGBIOL
2018 will take part more than 700 scientists and researchers from all over the world. There were
submitted 823 scientific papers, of which 363 will be presented as oral talks and 460 as poster
presentations. The full author list of all submitted papers comprises 2091.

Our conference is a premier international science, technology and business forum focusing on
Agriculture, Biology and Life Science. The technical sessions highlight invited and volunteer
speakers. Three student posters will be selected to receive 1%, 2" and 3" place monetary awards
and a certificate during the conference.

We love our nature and care about the environment. We wanted to make our conference as
much greener as possible, using less paper. The participants’ posters were submitted via
conference web page and will be presented on electronic poster screens, developed particularly
for this purpose. Abstract book is published in electronic version, and copy of it on flash
memory stick, will be provided on each participant.

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.

Edirne is not only a very nice, lovely and historical city at the edge of Europe, but located just
at the heart of Balkan region and history endowed with monuments reminding imperial past.
We are much pleased to host all of you in Edirne and Turkey.

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.

We wish you nice stay in Edirne!
Prof Dr Yalcin KAYA

Head of the Organizing Committee
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ENTOMOPATHOGENS IN THE MANAGEMENT OF STORED PRODUCT PESTS

Ramazan CANHILAL*
Erciyes University, Faculty of Agriculture,
Department of Plant Protection, 38039 Kayseri, Turkey

r_canhilal@hotmail.com, ramazancanhilal@erciyes.edu.tr

ABSTRACT

Fumigation is mainly applied to control of stored product pests in the world and in Turkey. The
ruining of natural balance among living organisms, the resistance of pests for pesticides, and
residues on crops are produced by application of pesticides widely. Nowadays, incremental
necessity has been occurred to find out alternatives to chemicals. Biological control is a novel
method to replace chemicals. Insect pathogens which kill insects causing disease are agents
such as bacteria, fungi, nematodes, viruses, protozoa. The mass of entomopathogenic bacteria
are in genera Coccobacillus and Bacillus. Coccobacillus acridiorum produced disease in
grasshoppers. Bacillus thuringiensis and Bacillus popillia are important disease causing agents
against lepidopteran pests. Entomopathogenic fungi Beauveria bassiana, Metarhizium
anisopliae, and Verticillium lecanii cause disease on larger insects than other pathogens. These
are rather prevalent on the insects in orders Lepidoptera, Homoptera, Hymenoptera,
Coleoptera, and Diptera. Insects, especially living in soil at one of its life cycle such as larva,
pupa or adult are highly susceptible against entomopathogenic nematodes.
Neosteinernematidae, Steinernematidae and Heterorhabditidae are the families containing these
nematodes. They are obligatory insect pathogens in nature. Entomopathogenic nematodes
impacts many insect species with a broad host range. Entomopathogenic viruses at least 16
families are very important in biological control to affect insects pests. Baculoviruses are
produced commercially and applied as a biological control agent to manage significant
agricultural and forestry insects, especially in Orders Lepidoptera and Hymenoptera.
Entomopathogenic protozoans such as Nosema locusta are a substantial role in the ecologically
management of populations of insect pests. In this review, application and potentials of
entomopathogens as biological control agents of harmful insect species on stored products has
been abstracted.

Keywords: Entomopathogens, Insect pests, Stored products

INTRODUCTION

Infestation of stored bulk grain and processed commaodities by insects causes big economic
loss (Hagstrum and Flinn, 1995). These insects damage the product by physical yield and
quality loss, inducing mould growth, contamination of products with insect bodies. They can
shelter inaccessible places and survive on even little bit food. They reproduce and increase their
population quickly. Then move from cracks and crevices, perforated floors, and inside
machinery into stored bulk products to infest them (Campbell et al., 2004). The order
Coleoptera includes about 250.000 species. Fourty families of this order contain insects harmful
on stored products world-wide. Bostrichidae, Bruchidae, Cucujidae, Curculionidae,
Dermestidae, Silvanidae and, Tenebrionidae are some of these families (Rees, 1996).

10
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Government regulations, environmental and human health concerns, resistances of insects
to insecticides, pesticide residues on crops, changing consumer demands limit the presence and
use of chemical insecticides against these pests (Durmusoglu et al. 2010). Entomopathogens
are biological control agents causing diseases in insect populations. These are organisms such
as bacteria, fungi, nematodes, viruses, and protozoa. They can be a safe alternative for stored-
product pests in unreachable places, because some biological control agents actively search out
pests in these cryptic habitats (Scholler and Flinn 2000). In this paper, the research and
applications of entomopathogens against stored products are summarized.

Entomopathogenic Bacteria

Entomopathogenic bacteria are most commonly used microorganisms against insect pests
present. The most widely used ones, spore-forming facultative bacteria producing crystals. The
bacteria enter the insect body through the mouth with food. They form endospor and protein
crystals. These crystals contain toxins. The insects are killed because the toxins or bacteria wrap
the body of insect.

The majority of entomopathogenic bacteria take place in Coccobacillus and Bacillus species.
Coccobacillus acridiorum is a type of grasshopper pathogen. Bacillus thuringiensis and
Bacillus popillia are the other two important species. In our country, bacteria are recommended
and used against harmful species in order Lepidoptera some of them below.

by

Archipssp. Heliothis armigera pityocampa Thaumetopoea

(http://www.agroziraat. (http://www.inra.fr/hyppz/RAVAG  (https://en.wikipedia.org
com/mmeyve/Archipsspp.h  EUR/6helarm.htm) .Wiki Thaumetopoeidae
tml)

Entomopathogenic Fungi

Fungal diseases in insects, the lighting in the Italian Agostino Bassi’s parasitic nature of
white muscardine disease of silkworm were known since the 1834-1835 year.
Entomopathogenic fungi, capable of infecting insects in Order Lepidoptera, Homoptera,
Hymenoptera, Coleoptera and Diptera included, are quite common. The fungi encounters host
with chance in environmental conditions. Population density depends on the amount of
surrounding fungal spores and insect pests. The host entrance into cuticle is realized by both
with lytic enzymes and by means of mechanical formation of appressorium (Figure 1). After
penetrating the cuticle and epidermis, spores germinate and multiply in the insect body. The
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metabolites formed by fungi cause physiological and biochemical changes in the host and
results in insect death.
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Figure 1. Penetrating of fungus into the cuticle and epidermis, and appressorium formation
(http://www.nature.com/nrmicro/journal/v5/n5/fig_tab/nrmicro1638_ft.html)

Lord (2011) used Beauvaria bassiana against Dermestes maculatus and it was successful
with 82% in 75% humidity. Khashaveh (2011) observed 68-92% mortality in the population of
Sitophilus granarius and Tribolium castaneum adults against which Beauvaria bassiana
applied. Ahmad (2010) used Lecanicili lecanii, Isaria fumosarose and Metarhizium anisoplia
against Sitophilus zeamays adults and determined 100% insect mortality. Lord (2009) obtained
10% more mature death on Rhyzopertha dominica, Oryzaephilus surinamensis, Cryptolestes
ferrusineus using Beauvaria bassiana with diatomaceous powder formulation. Batta (2008)
used Beauvaria bassiana and Metarhizium anisoplia against Rhyzopertha dominica, Sitophilus
oryzae, Tribolium castaneum, Sitophilus oryzae adults and got the highest mortality rate (85-
96%) on Sitophilus oryzae. Hansen (2007) determined Beauvaria bassiana to be a successful
control agent against Sitophilus granarius with rate of 83-98% mortality.

Entomopathogenic Nematodes

Entomopathogenic nematodes (EPNs) (Rhabditida: Neosteinernematidae Steinernematidae
and Heterorhabditidae) do not cause contamination of ground water and are harmless to plants
and animals. As biological control agents, EPNSs attract attention increasingly in research area
recently. Their ideal properties such as; the broad host spectrum, to be able to kill their hosts
within 24-48 hours, to be producible commercially easily in vivo or in vitro, having ability to
search actively their hosts, settling in application areas and staying effective for a long time,
having easy applicability, being in compliance with many chemicals and being safe for the
environment are important for their preferability.

They are soil dwelling, aquatic organism. They have motile bacteria (Xenorhabdus spp. and
Photorhabdus spp.) living in their intestine. Nematode and bacterium are mutualistic symbionts
and obligate, lethal parasites of insects. EPNs can be found everywhere on earth and infect
many different insects (Smart, 1995). Infective juveniles of the nematodes living in the soil
enter the host insect’s haemocoel through mouth, anus, and respiratory openings or cuticle’s
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thin sections. Once in the insect, infective juveniles of the nematode release the bacteria that
are carried in the intestine. Bacteria block the insect's immune system, multiply and kill the
insect using many different toxins and causing septicemia in the hemolymph (Figure 2).

Bacterial cells reproduce rapidly. The nematodes eat the bacteria and some of body tissue of
the insect, and reproduce for 3 or 4 generations depending on the food source. Over 100,000
nematodes exit the insect (Burnell and Stock, 2000) (Figure 2).

M

o A
A7 R

/2 [ Infective juveniles (1)) enter mouth, anus or spiracles ’
~
A\

~d _ AN/ |

U host finding in soil I release bacteria, host dies, 1) become adult

« Nematode repraduction inside cadaver

Release of U progeny into the environment (1-3 generations)

Figure 2. The simple life cycle of entomopathogenic nematodes

(http://entnemdept.ufl.edu/creatures/nematode/entomopathogenic nematode.htm)

Tradan et al., (2006) in their study used four species of entomopathogenic nematodes
(Steinernema feltiae, S. carpocapsa, Heterorhabditis bacteriophora and H. megidis) against
storage pests, Sitophilus granarius and Oryzaephilus surinamensis in the laboratory to
determine the activity of nematodes against adults. LCsp value was found as 803-1195 ljs/adult
on S. granarius and 921-1335 ljs/adult on O. surinamensis. Shahina and Salma (2010) studied
seven local (Pakistani) entomopathogenic nematodes (Steinernema pakistanense, S. asiaticum,
S. abbasi, S. siamkayai, S. feltiae, Heterorhabditis bacteriophora and H. indica on Sitophilus
oryzae’s adults and pupae in the laboratory. Consequently, the LCso value for pupae of S. oryzae
was 42-169 ljs/pupae and for adults, 55-370 ljs/adult. Canhilal et al., (2013) determined the
biological activity of nine endemic nematodes obtained from a survey conducted in the various
districts of Kayseri Province against Sitophilus oryzae adults. The lowest LCso value was 57.96
IJs/adult for S. carpocapsae 076 isolate, while the highest LCso values was 922.95 ljs/adults for
S. feltiae OZV-5-S isolate.

Entomopathogenic Viruses

Baculovirus is important as biological control agents especially in the control of pests in
agriculture and forestry. It is produced commercially and used against pests belonging to
Lepidoptera and Hymenoptera. In Brazil, Baculovirus anticarsi is used successfully against
Anticarsi gemmatalis causing substantial harm in soybeans. Nakai (2013) in Japan used
granuloviriis (GV) as a biological agent against the tea leaf crimpers (Adoxophyes honmai and
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Homona magnanima, Lepidoptera: Tortricidae) and there was no harmful infections during the
four growing seasons.

DISFERSAL

OCQLUSION BODY TO MIDGUT

THE LIFECYCLE OF
THE BACULOVIRUS
o o N e et A OCCLUSION BODIES

HUDDED VINUS

Figure 3. The life cycle of the baculovirus

(https://oetltd.wordpress.com/2014/07/17/growing-pains-the-life-cycle-of-the-baculovirus/)

Entomopathogenic Protozoa

Entomopathogenic protozoa are usually host-specific and slow effect is caused due to
chronic infection. Nosema locustae has been developed as a commercial product for
grasshoppers control (Henry and Oma, 1981). Entomopathogenic protozoa needs live hosts to
be produced and shows quite slow effect. Therefore, it has limited application for biological
control.

CONCLUSIONS

Chemical fumigation is the most commonly used method against of stored product pests in
the world and in our country. Widely used insecticides against harmful organisms damage the
natural balance existing among organisms, cause harmful organisms to acquire resistance to
pesticides and residues in the crops. In recent years, biological control is emphasized as an
alternative to chemical control. Entomopathogens have an important place in the biological
control because they have a wide host range, are harmless to the environment and human, and
could be applied with conventional sprayers. They can be used more against stored product
pests with the development of new biotechnical methods such as collecting pests in some
stations to meet them with entomopathogens.

Acknowledgements: | would like to thank my graduate student, Sevim Dogan of Yozgat Bozok
University, Faculty of Agriculture and Natural Sciences, Department of Plant Protection for
literature collection.
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Abstract

Wheat and barley have a significant insect pest, the sunn pest, Eurygaster integriceps Puton
(Heteroptera: Scutelleridae) in Turkey. It affects the yield and the quality of flour of which
bread is made. In this study; the yield loss due to white spike damage caused by overwintered
adults and kernel damage by nymphs and new-generation adults in wheat fields were defined
to set up an economic threshold (ET) for the sunn pest. To evaluate the relationship between
overwintered adult density and white spike damage, and between percent kernel damage and
sedimentation value of the flour, a regression analysis was performed. White spike damage
comprised at low levels (0.1 — 1.7%) in the study fields and the relationship between
overvintered adult density and white spike damage was not statistically important in bread and
durum wheat. Average damaged kernels by E. integriceps were 4.2% in bread wheat and 5.4%
in durum wheat. A positive relationship between nymph and new-generation adult density, and
kernel damage in bread and durum wheat was found. We determined the sedimentation values
of flour that was made of wheat kernels on which the pest fed. It was 7-89 in bread wheat, and
9-28 in durum wheat. There was no effect of sunn pest density on gluten strength up to 2.1%
kernel damage in bread wheat or up to 0.9% kernel damage in durum wheat, but kernel damages
above these levels restrained dough quality. We assessed these limit values in the regression
formula and we found the economic thresholds as 8.1 and 9.2 nymphs/m? in bread and durum
wheat, respectively. While the existing ET (10 nymphs/m?) may still be acceptable in durum
wheat, it may be reduced to 7-8 nymph/m? for some wheat varieties and regions, especially for
low yield levels (~2000 kg/ha) in bread wheat.

Keywords: Economic threshold, wheat, sunn pest.

INTRODUCTION

Wheat, Triticum aestivum L. is grown on about 9 million ha area annually with the
production of approximately 20 million tons in Turkey (Anonymous 2008). It is important basic
food crop consumed mostly as bread in the country. It provides a substantial component of the
human diet; cereal (mostly wheat) products provide 53 and 66% of the per capita dietary supply
of calories and protein, respectively (Anonymous 1980). It is also consumed as animal feed and
used in industry to make various processsed foods. The country exports the about 10% of wheat
production. The South Eastern Region of the country represents 13 and 8% of wheat acerage
and production, respectively (Anonymous 2008).
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The sunn pest, Eurygaster integriceps Put. (Hemiptera: Scutelleridae), is a very damaging
insect pest of wheat and barley in Turkey (Lodos 1982). Overwintered adults of the sunn pest
attack the leaves and stems of young, succulent wheat and barley plants, causing them to wither
and die prior to spike formation. They also suck the base of the spike during the early growing
period resulting in whitish spikes without kernels, producing white spikes. Yield losses by this
pest are estimated at 50-90% in wheat and 20-30% in barley. Apart from the direct yield
reduction, the insect injects digestive enzymes during feeding that reduce the baking quality of
the dough. If as little as 2-3% of the grain has been fed on, the entire grain lot may be rendered
unacceptable for baking purposes because of poor quality flour (Lodos 1982).

The sunn pest is univoltine. Adults rest under bushes and litter at high elevations around
cereal fields during the hot and dry months of late summer and autumn. They hibernate during
the cold and often severe winter months on hillsides of the mountains. In spring, when soil
surface temperature reaches 15°C at overwintering sites, adults migrate to cereal fields.
Migration typically continues for 7-10 d. Overwintered adults appear in the fields over a 1-4
week period. After feeding, females lay eggs on leaves, stems, and spikes. After five nymphal
instars, a pupal stage occurs and new-generation adults are seen. These new-generation adults
feed and return to higher elevations after barley and wheat harvest (Lodos 1982).

When migration to the fields ends, technical consultants survey fields and overwintered
adults are counted in 0.25 m? frames to determine field densities. Fields are also monitored for
egg parasitism by Trissolcus spp. (Hymenoptera, Scelionidae) when 20-30 % of the eggs are
10-12 day-old. Spraying is not conducted if the overwintered adult densities are at or below 0.8,
1.0 and 1.5 adult/m? and the parasitism rates are 40%, 50% and 70%, respectively, (Simsek &
Sezer 1985). Finally, nymph density is determined in the same manner as for the overwintered
adults. The most effective time to spray the sunn pest is during the first two nymphal instars.
At the end of the survey, if nymph density reaches 10 nymphs/m?, fields are sprayed, and this
usually coincides with the milky stage of winter wheat (Lodos 1982).

This insect was first reported from the South Anatolia Region of Turkey in 1927 and there
have been many outbreaks from the 1950s to the present. Detailed studies on the sunn pest were
begun in the 1950s in Turkey (Simsek 1998). The government managed sunn pest control from
1927, until 2001 when an integrated pest management (IPM) approach was adopted. Sunn pest
management was changed from aerial application to ground spraying, shifting responsibility to
farmers. Currently, ground sprays for sunn pest control are conducted on 1-2 million ha area
annually (Anonymous 2004). Government provides technical support and farmers are supposed
to apply insecticide with their equipment, as determined by official technical consultants.

One of the key factors affecting the success of IPM programs is economic threshold (ET).
The economic threshold used for sunn pest control was established about 50 years ago in the
region and Country (Yuksel 1968). There is a need to revise the ET because of changes in
climatic conditions, wheat varieties used, agronomical practices, and crop diversity. The
purpose of this study was to determine plants (spikes), nymphs and new-generation adults
(NGASs) density, and kernel damage caused by nymphs plus NGAs in wheat fields to redefine
the ET for the sunn pest in the region.

MATERIALS AND METHODS

The study was conducted in 17 one-ha insecticide-free bread and durum wheat fields in
Gaziantep, Kilis and Kahramanmaras provinces in southeastern of Turkey. There were 9 fields
of bread wheat and 8 fields of durum wheat. Several varieties of bread and durum wheat were
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used. Variety was not held constant over all fields. When the migration of adults from
overwintered sites to cereal fields ended, weekly surveys to determine adult and nymph density
were begun in each field by using a 0.25 m? frame. A total of 25 frames tossed at random in
each field were sampled, and overwintered adults, nymphs, and new generation adults were
counted in the each frame. The results of these counts were multiplied by 4 and presented.
During the surveys, at the beginning of the milky stage of wheat, all healthy and damaged
spikes in each frame were recorded. Before harvest, all plants in each frame were cut and put
in a paper bag, and brought to laboratory. In the laboratory, spikes were dried and threshed, and
the kernels cleaned. The kernels from each frame were weighed to determine yield per field.
The mean yield from 25-0.25 m? was used to estimate the yield per ha for each field. Then
kernels from all 25 frames were combined and 1-kg kernels taken from this combined kernels
for each field. From this sample, 100 kernels, up to 20 times, (total = 2000 kernels) were
randomly selected. These sub-samples were checked under the dissecting microscope and
damaged and undamaged kernels were separated (Dortbudak 1974), and percent kernel damage
was regressed against nymphs and new-generation adult density at the final count in each field.

Sedimentation test

The kernels combined from 25 sampling frames were also used for sedimentation test. All
milling was conducted at 23°C and 60% relative humidity. Wheat samples were cleaned and
tempered overnight to optimum moisture, as described by Williams et al. (1988). Tempered
wheat was milled using Buhler laboratory mill type MLU-202 (Uzwil, Switzerland), with break
roll gaps adjusted to B> = 1.2/1000 cm, B3 = 0.8/1000 cm, C, = 1.2/1000 cm and Cz = 0.8/1000
cm. Medium hard soft-wheat clothing was used. Buhler Bran finisher MLU-302 (Uzwil,
Switzerland) was used to extract “bran flour”, which was combined with all six flour streams.
The Modified Sodium Dodecyl Sulphate (SDS) Sedimentation Test (Cressey & McStay 1987)
was used to evaluate wheat-insect damaged in wheat.

Statistical analysis

Regression analysis was used to predict kernel damage (%) based on final nymph and new-
generation adult density (P < 0.05). A correlation analysis was applied to determine the relation
between overvintered adult density and white spike damage, and between percent kernel
damage and sedimentation value (P < 0.05). All statistical analysis was done using SPSS for
windows (2003). Data from the two years was combined for regression and correlation
analyses.

RESULTS AND DISCUSSIONS

Adult migration was completed during the last week of April and weekly survey studies were
started. Sunn pest adults were present in field trials two to four weeks after migration was
completed. Nymphs of the sunn pest were seen in the middle of May and reached the new-
generation adult stage, which is the most damaging stage, in the first week of June.

Average overwintered adult density was 1.1 per m? in bread wheat (Table 1), and 1.4 per m?
in durum wheat (Table 2). Adult populations in some study fields decreased or increased in
consecutive sampling dates. This was likely because of sunn pest movement in or out of the
fields.
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The nymph population averaged 7.2/m? in bread wheat, and 15.5/m? in durum wheat,
respectively. While bread wheat yield averaged 4798 kg/ha (Table 1), yields for durum wheat
were 3820 kg/ha (Tables 6).

No leaf or stem damage was observed because when the sunn pest completed migration to
the fields, wheat plants reached 10-15 cm in height, and it was late for the sunn pest to damage
leaves and stems, as observed by Lodos (1961).

White spike damage (overwintered adult damage)

White spike damage occurred at low levels. It averaged 0.3% in bread wheat (Table 1), and
0.6% in durum wheat (Table 2). Correlation analysis indicated that there was no significant
relationship between overwintered adult density and white spike damage caused by
overwintered adults in bread (r = 0.288, r>= 0.083, P = 0.226) or durum wheat (r = 0.568, r? =
0.322, P =0.071).

Canhilal et al. (2005) also found that the low level of white spike damage (<0.1-0.9%)
occurred at various overwintered sunn pest adult densities (1, 2, 3, 5, 10 overwintered adults/m?)
in large field cages (2 by 2 by 1.7 m) and was not statistically significant in bread or durum
wheat.

On the other hand, Kilig et al. (1973) found that 0.4, 1.0-1.5, 1.6-2.0, and 2.1-2.3
overwintered sunn pest adults/m? caused 1.1%, 3.6%, 4.2% and 6.6% white spike damage in
wheat fields, respectively. Simsek et al. (1997) stated that when overwintered adult density
was one adult/m?, 7% stem damage and 1.9% spike damage occurred. These high levels of
white spike damage differ from our results, perhaps because of high levels of overwintered
adult parasitism that might have occurred in the fields, reducing adult feeding and damage.

Kernel damage (nymph and new-generation adult damage) in bread wheat

Average kernel damage caused by nymphs and new-generation adults was 4.2% in bread
wheat (Table 1). There was a positive relation between nymph and new-generation adult
density, and percent kernel damage in regression analysis (r = 0.947, r> = 0.898, P = 0.000).
The regression equation used to predict percent kernel damage, based on nymph and new-
generation adult density per m?, was Y =-0.899+0.364X, (SE a=1.041, SE b=0.046, P = 0.000).
Sedimentation values ranged from 7 to 89. The relation between sedimentation values and
percent damaged kernels was strongly negative (r = -0.821, r? = 0.674, P = 0.003). The
sedimentation value dropped to 52 when percent kernel damage was 2.1 in sedimentation tests
(Table 1). No effect of sunn pest density on gluten strength up to kernel damage of 2.1% was
detected. Sedimentation value around 50 is generally accepted as the value at which dough
quality is ruined (Fouad et al. 2005). When this value is entered in our equation, the nymph
density that causes the kernel damage that ruins dough quality (the economic threshold) is
8.Inymphs/m?. The practical tolerance for damaged kernels in industry, regardless of wheat
type (bread or durum) or variety, is 2-3%. We found that the expected ET was 9.4 nymphs/m?
when the 2.5 value, which is the average of 2-3% of tolerance for damaged kernels, is used in
our equation.

The expected ET of 8.1 nymphs/m? obtained from the sedimentation value is different from
the ET of 9.4 nymphs/m? calculated from the tolerance level for damaged kernels used in
industry and ET (10 nymph/m?) regardless of wheat variety and region in Turkey. Thus, the ET
(10 nymph/m?) may be lowered to 7-8 nymph/m? for wheat varieties and regions where there
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are complaints and practical observations, and especially for low-yield levels (~ 2000 kg/ha)
until more detailed research is conducted.

Table 1. Overwintered adult and nymph+new generation adult densities of the sunn pest, %
kerneldamage, sedimentation values, % white spike damage, varieties, and yield in bread wheat field
trials in Gaziantep and Kahramanmaras provinces

No. 0 No. 0 .

Place Variety \k(g;;}r!g %\{JVI tst/m W_h if:e nyr‘rlpllzlsG AD/ Kenf:al ileefjr:—

) spikes m? damage | tation
T.Tigem Golye 5210 0.5+0.1 0.1£0.1 1.940.2 0.6£0.2 77
I.Hanagzi Golye 5210 0.5+0.1 0.1£0.1 2.940.2 0.4+0.1 64
I.Zincirli Golye 6260 1.1+0.1 0.2+0.1 4.0+0.3 1.6+0.3 82
N.Ciftlik Golye 6130 0.6+0.1 0.1£0.1 10.4+£0.5 2.1+0.3 52
Saklc.agozu Ozdemir Bey 4210 4.1+0.2 0.3+0.1 34.1+1.1 6.2+0.6 18
T.Tigem Golye 4860 0.3+0.1 0.2+0.1 1.0+0.1 0.5+0.1 89
N.Ciftlik Basribey 4200 0.3+0.1 0.9+0.2 6.2+0.4 1.2+0.2 69
I. Kozdere | Golye 3710 0.5+0.1 0.1£0.1 8.5£0.4 2.2+0.4 63

Degsifmenonu Golye 3392 2.4+0.1 0.9+0.2 55.8£1.2 22.7£1.2 7

Mean 4798 11 0.3 13.9 4.2

30verwintered adults, "New generation adults

Durum wheat

Average kernel damage was 5.4% in durum wheat (Table 2). A strong, positive relation was
determined between nymph and new-generation adult density, and percent kernel damage in
regression analysis (r = 0.859, r? = 0.738, P = 0.003). The regression equation obtained to
predict percent kernel damage, based on nymph and new-generation adult density per m?, was
Y =-3.206+0.443X, (SE a=2.368, SE b = 0.108, P = 0.006).

Sedimentation values varied from 9 to 22. Most fields yielded low sedimentation values
and were of poor quality. There was a strong negative relation between sedimentation values
and percent damaged kernels (r = -0.699, r?= 0.489, P = 0.027). The sedimentation value was
28, which is around the limit that weakens gluten strength (Fouad et al. 2005), when the kernel
damage was 0.9% (Table 2). When this level of kernel damage (0.9%) is placed in the equation,
the nymph density that causes the kernel damage that spoils dough quality is 9.2 nymphs/m?.

As in bread wheat, the expected ET is calculated as 12.9 nymphs/m? when 2.5, which is the
average of 2-3% of tolerance for kernel damage, is used in our equation. This is much over the
ET that is used (10 nymphs/m?) now in Turkey.
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Table 2. Overwintered adult and nymph+new generation adult densities of the sunn pest, %
kernel damage, sedimentation values, % white spike damage, varieties, and yield in durum
wheat field trials in Gaziantep and Kilis provinces.

No.
. No. % nymphs 0 Sedi-
Place Variety \k(llet:z oW White + d/r;rl::rr;el men-
g adults/m? spikes | NGAY/ g tation
m2
O. Kutlar Ege 88 4015 1.6+0.1 1.7+0.3 29.6+1.0 6.7£1.0 10
©. Akcakale 2000 | 4680 2.4+0.1 1.0£0.2 38.7+0.8 19.0£1.6 9
Havaalam
0. Sanko Ege 88 4660 2.6+0.2 0.6+0.2 14.9+0.5 3.5+0.7 22
E. Ege 88 5240 1.1+0.1 0.4+0.1 12.6£0.5 2.7+0.3 13
Yavuzlu
O. Kutlar Ege 88 1692 0.2+0.1 0.1+0.1 5.3+0.2 0.9+0.2 28
©. Akcakale 2000 | 3000 0.5+0.1 0.3+£0.2 14.2+0.4 4.0+0.6 10
Havaalani
Y. Arpaci Zenit 4776 1.9+0.1 0.4+0.2 26.9£1.0 4.2+0.5 9
E. Ege 88 2496 0.6+0.1 0.1+0.1 13.0+0.4 2.3+0.3 17
Yavuzlu
Mean 3820 1.4 0.6 19.4 5.4

a0verwintered adults, "New generation adult

Although the level of kernel damage (0.9%) that weakens the gluten in our study differed
from practical tolerance for kernel damage in industry (2-3%), the ET of 9.2 nymphs/m?
calculated from the equation and the ET that is currently used (10 nymphs/m?) are similar.
Hence, in durum wheat, the tolerance for kernel damage in industry should be lowered about
1%, but the ET which is 10 nymphs/m? appears to be still valid. However, almost no low-level
kernel damage was recorded in the study plots; sedimentation was low and damage was high
for all measured points. Thus the regression operated close to the lower limit of its valid range
when it was used for gluten strength and ET calculations, or for 2.5% damage and ET. This
should be considered when the results are used.

CONCLUSIONS

Differences between our results on the tolerance for kernel damage and ET, and the ones
that are used in the country might have occurred because our studies and the previous studies
were not conducted on the same varieties or in the same region, and there were some changes
in climatic conditions, agronomical practices, and crop diversity over time. Therefore, future
research should be done based on region, irrigated and rain-fed farming condition, wheat type
and variety, and various yield levels.
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ABSTRACT

Wheat, Triticum aestivum L. and barley, Hordeum vulgare L are important crops in Turkey.
They are grown in about 13,5 million ha area annually. The sunn pest, Eurygaster spp.
(Hemiptera; Scutelleridae) is the most important insect pest of wheat and barley. These insects
were first reported from the South Anatolia region of Turkey in 1927 and caused many
outbreaks through the 1950s to the present. Detailed studies on the sunn pest were started in
the 1950s. Government, only itself has managed the sunn pest control since 1927. Farmers had
no responsibility until 2001. Then an IPM approach has been adopted in control of the sunn
pest; the sunn pest control policy has been changed to switch from aerial application to ground
spraying and leave the responsibilities to farmers gradually. Now the sunn pest control sprays
have been done by ground equipments completely. Government provides only technical
support and farmers are supposed to apply the insecticide by their equipment, as determined
by official technical consultants. After switching ground spraying, insecticide treated area
decreased dramatically from about 1.9 million ha in 2003 to 0.6 million ha in 2014. This clearly
showed us how appropriate decision it was. But there is always a danger that farmer may apply
insecticide more than necessary because there is no good control of pesticide application and
residue in the country.

Keywords: Eurygaster spp., wheat and barley, sunn pest, integrated pest management, policy

INTRODUCTION

Wheat, Triticum aestivum L., and barley, Hordeum vulgare L., are important crops in
Turkey. They are grown in about 13.5 million ha area annually; 9.5 million ha wheat and 4
million ha barley with the production of about 20 and 8 million tons, respectively (Anonymous
2002). The sunn pest, Eurygaster integriceps Put. (Hemiptera: Scutelleridae), is the most
important insect pest of wheat and barley. Turkey is very good location for the sunn pest to
spread over and make outbreaks because it is at the genetic origin of wheat and barley and the
sunn pest is synchronized with wheat and barley well because of climatic condition,
topographic structure, crop design and agricultural tradition. There are three important sunn
pest species, Eurygaster integriceps Put., E. maura L., E. ausriaca Schrk. The dominant
species is E. integriceps in the South and Southeast Anatolia and Thrace regions, while E.
maura dominates in the Central Anatolia and Aegean Regions. Nymphs and adults of the sunn
pest cause damage by feeding on leaves, stems, and grains and reduce yield dramatically. Yield
loss caused is estimated at 50-90% in wheat and 20-30% in barley. Apart from the direct
reduction in yield, the insect injects digestive enzymes during feeding that greatly reduce the
baking quality of the dough. If as little as 2-3% of the grain has been fed on, the entire grain
lot may be rendered unacceptable for baking purposes because of poor quality flour (Lodos
1982).
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This insect was first reported from the South Anatolia Region of Turkey in 1927. The first
outbreaks of the sunn pest were recorded in the South Anatolia in 1927-1929 and in the
Southeast Anatolia in 1939-1941. Then the first sunn pest outbreaks occurred in Thrace in
1982, in the Aegean Region in 1987, in Central Anatolia in 1988, and in Marmara Region in
1990. These outbreaks have been going on to the present (Simsek 1997). Detailed studies on
the sunn pest were begun in the 1950s. The government only itself has managed sunn pest
control since 1927.

Sunn Pest Management in Turkey

Adults of the sunn pest rest under bushes and litter at the tops of mountains around cereal
fields during aestivation in the hot and dry months of late summer and autumn. They hibernate
during the cold and often severe winter months on hillsides of the mountains. In spring, when
temperature on the soil surface reaches 15°C at overwintering sites, adults migrate down to
cereal fields. Migration continues 7-10 days under normal weather conditions (Lodos 1982).
Overwintered adults appear in the fields over a 6-8 week period. After feeding on leaves and
stems, a reproductive phase in the annual cycle occurs; females lay eggs on leaves, stems, and
spikes.

Official technical consultants begin surveys in certain overwintering areas in autumn and
spring of each year to assess and predict the pest population for the following year by
comparing the survey results with those of previous years. The beginning of migration from
overwintering sites to fields is determined by observing the activity of the pest when the daily
temperature reaches 15°C, usually in March and April. Successive counts are done from the
beginning of migration until 90% of the overwintered adult population has left the
overwintering site (Anonymous, 2000).

When migration ends, technical consultants start surveys in the field; adult sunn pests are
counted in 0.25-square meter frames and densities are determined. Fields where the density is
0.5-0.8 adults/m? are monitored for egg parasitism when 20-30 % of the eggs are in the anchor-
sign stage. If the egg parasitism rate is high enough, spraying is not conducted. Finally, nymph
density is determined in the same manner as for the overwintered adult. At the end of the
survey, if nymph density reaches 10 nymphs/m2, fields are sprayed, coinciding with the milky
stage of winter wheat (Lodos 1982). The most effective time to spray the sunn pest is during the first three
nymphal instars. Hence chemical control begins when second-instars nymphs reach 40% in
population. However, if chemical control can’t be completed during this period, the insecticide
applications are continued through the fourth or fifth instars (Anonymous, 2000).

Adoption of Sunn Pest IPM

Mechanical and physical control; collecting by hand or sweep nets and destroying, burning
of bushes under which sunn pest overwinter on mountains were applied in early times because
of insufficient materials, knowledge and organization. Even it is said that farmers had amulet
made and hung on sticks in their fields to prevent the sunn pest damage. Mainly chemical
control in the framework of technical instructions developed by excessive national researches
was used in 1956-2001. The chemical applications were done by airplane mostly.

It was seen by time that only chemical application especially by airplane was not right
solution. It was realized that the treated area (Figure 1) and chemical used (1,283 tons in 2003)
were increasing with high cost (US$ 15 million in 2003) and environmental problems begun
to be seen by years. It was because insecticide applications posed a risk to nature’s balance,
human health, water quality, wildlife, and the environment as a whole. It was worse by aerial
application because of drifting of chemicals to non-target areas, worse effects on beneficial and
less efficacy on the pest.
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So the present insecticide-based strategies must have been replaced with multi-dimensional
integrated pest management (IPM) approaches. Then an IPM approach has been adopted in
control of the sunn pest in 2001. It has been decided that the elements other than chemicals of
IPM such as biological and biotechnological control, cultural practices would be given priority.

Shifting from aerial to ground spray

The biggest challenge in implementing IPM for the sunn pest management was national
agricultural strategies that rely on chemical control. The cost of insecticides was borne by
government and the applications also were made by government. So faced with sunn pest
infestation (mostly not at the economic threshold level), farmers applied pressure to their
political representatives, who in turn requested the government to spray. Therefore the sunn
pest was called political insect in Turkey. Thus a policy change was needed to devolve the
insect control responsibility to farmers and remove the disincentives for adopting IPM as an
alternative to agrochemicals.

Finally, after adoption of sunn pest IPM, as the first step, the sunn pest control policy was
changed to switch from aerial application to ground spraying and leave the responsibilities to
farmers gradually. It was not so easy to leave a 45-year habit. Public awareness and education
at the level of political representatives, public institutions, farmer organizations, and farmers
were crucial for the success of such policy change.

Several training sessions were arranged for farmers at every village where the sunn pest is
problem to explain them why the policy change was crucial and teach the sunn pest; its biology
and natural enemies, environmental protection, economic threshold (ET) and decision making
to spray. Many public awareness meetings and panels in every city, sometimes in the districts
with attendance of NGOs, local governors, cereal farmers, universities, media and all related
parties were held to explain why we needed to change the sunn pest control policy. Separate
meetings were also done with only political representatives of provinces previously the other
meetings to get their support.
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Figure 1. Ground spraying, aerial spraying and total area treated (ha) against sunn pest,
Eurygaster integriceps in 1980-2014, Turkey

Separate meetings were also done with only political representatives of provinces previously
the other meetings to get their support.
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Tractor mounted sprayers were rented to farmers with free of charges where the farmers did
not have enough equipments at the first year of shifting to ground spraying. These equipments
were bought by government and some NGOs. There was gradually shifting. In the first year,
2001, some part of Trace region where the egg parasitoid was common and effective was
chosen. Then, the remaining part of Trace region, Aegean and Marmara regions in 2002,
Ankara, Konya, Eskisehir, Aksaray, Kirikkale Provinces in Central Anatolia in 2003,
everywhere except Diyarbakir, Mardin and Sanliurfa Provinces in 2004, everywhere except
Siverek district in Sanliurfa Province in 2005 and all country in 2006 switched to ground
spraying. The use of ground spraying as opposed to aerial application increased rapidly from
8% in 1997 to 56% in 2003. It was 69 and 90% in 2004 and 2005, respectively, and ground
spraying was used completely in 2006. After switching ground spraying, insecticide treated
area decreased dramatically from about 1.9 million ha in 2003 to 0.6 million ha in 2014 (Figure
1). This clearly showed us how appropriate decision it was. But there is always a danger that
farmer may apply insecticide more than necessary because there is no good control of pesticide
application and residue in the country.

Government provided insecticides with farmers for several years. Now there is no
insecticide support and sunn pest control sprays are done by ground equipment completely.
Farmers are supposed to apply the insecticide by their equipment, as determined by official
technical consultants (Anonymous 2005-1). Technical support will be continued several years.

Research activities

Researches on the sunn pest’s biology, bio-ecology, natural enemies and economic
threshold, natural occurrence and effectiveness of egg parasitoids, chemical control and
integration of all methods available have been conducted in Plant Protection Research Institutes
since 1950s in the country.

In the framework of an international project, “Integrated Pest Management of Sunn Pest in
West Asia”, intensive research activities on economic threshold, host plant resistance,
parasitoids, entomopathogenic fungi, semiochemicals in host and mate finding, and adaptive
studies through the establishment of farmer field schools in pilot sites were carried out to
develope and apply of appropriate, low-cost and environmentally acceptable IPM approaches
in 2002-2005 in Turkey.

Over 2-year study in bread and durum wheat fields; adult parasitzm and egg parasitzm of
sunn pest were 1-8% and 10-100%, respectively. No leaf or stem damage was observed because
when the sunn pest completed migration to the fields, wheat plants reached 10-15 cm in height,
and it was late for the sunn pest to damage leaves and stems. White spike damage was 0.03-
1.67% at the density of 0.32-4.08 adults/m2, which was not significant (Canhilal et al., 2006)

The ET for sunn pest was redifined with the data generated from 2-year field research. The
regression equations obtained to predict percent kernel damage for bred and durum wheat were
Y =-0.899+1.454X and Y =-3.206+1.771X, respectively. The threshold calculated were 8.12
and 9.16 nymphs/m? for bred and durum wheat, respectively. Present ET is 10 nymphs/m?
regardless wheat type and variety and region. Thus the following sugesstions are made
(Canhilal et al. 2006):

1-The ET may lowered to 8-9 nymph/m? for wheat varieties and regions where there are
complaints and practical observations, and especially for low-yield levels (~ 2000-2500 kg/ha)
until detailed research is conducted based on region, wheat variety, and yield level for bred
wheat.

2-The ET 10 nymphs/m? appears still to be valid for durum wheat. But needs detailed
research as for bred wheat.
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A “National Integrated Sunn Pest Management Project” was also started in 2004.
Establishing “green belts” to preserve the natural enemies of the sunn pest, studies on resistant
varieties, parasitoids and economic threshold, and rearing and releasing its egg parasitoids
(Trisolcus spp) and predatory birds such as partridge are some activities in the project. In the
framework of the national project, about 3.8 million egg parasitoids in 2005 and 7.5 million in
2006 reared in the lab and released preferably in areas where there is reasonably high parasitzm
(Anonymous 2005-2 and Anonymous 2006). About 200,000 partridges are planned to rear and
released into overwintering sites in fall in 2006.

CONCLUSIONS

There was little sunn pest damage in some area where farmers were reluctant to enter their
field with tractor at the beginning and then late for application in the first year of shifting. But
overall there was a big success throughout the country because of ground spray. Percent kernel
damage dropped to less than 1% in 2004. This meant an important quality increase. Thus, wheat
import made previous years because of low quality wheat production was stopped.

After switching ground spraying, insecticide treated area decreased dramatically from about
1.9 million ha in 2003 to 0.6 million ha in 2014. This clearly showed us how appropriate
decision it was. But there is always a danger that farmer may apply insecticide more than
necessary because there is no good control of pesticide application and residue in the country.
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ABSTRACT

Experiments were conducted to find out the susceptibility of the larvae of Zabrus spp.
(Coleoptera: Carabidae), an important insect pest of wheat, against entomopathogenic
nematodes (Rhabditida: Steinernematidae and Heterorhabditidae) in the laboratory first time
in the World. The entomopathogenic nematodes used in the trials were Steinernema feltiae-
Commercial, S. feltiae-Endemic, S. carpocapsae, S. bicornutum, Heterorhabditis
bacteriophora, and H. indica. Small plastic pots with a lid (8 cm in height, 6 cm in diameter)
containing autoclaved soil have been utilized in trials. In the experiments, rates of 50, 100 and
200 infective juveniles (1Js)/cm? at 15, 20 and 25°C applied and they were repeated 2 times.
Raising rate and temperature expanded the mortalities caused by nematodes. S. carpocapsae
produced 75% mortality at the rate of 200 1Js/cm?, which was the highest at 15°C. The lowest
mortality with 5% at the rate of 50 IJs/cm? was caused by S. bicornutum 15°C. Steinernema
carpocapsae at the rate of 200 1Js/cm?, and S. feltiae-Endemic and H. indica at the rate of 50
IJs/cm? provided the highest (85%) and the lowest (20%) mortality, respectively at 20°C. At
25°C, S. carpocapsae at the rate of 200 1Js/cm? was the nematode caused the highest mortality
with 95% while S. feltiae-Endemic at the rate of 50 1Js/cm? was producing 25% mortality which
was the lowest. As a result, S. carpocapsae performed the best efficacy against Zabrus spp. and
it was followed by H. bacteriophora and S. bicornutum.

Keywords: Zabrus spp., entomopathogenic nematods, Steinernema, Heterorhabditis,
biological control

INTRODUCTION

Being an important crop in our country and in the world, wheat is an indispensable source
of food for human nutrition. Annual wheat production in our country is approximately 18-20
million tons, wheat consumption however is approximately 16-17 million tons (Anonymous,
2008). Despite of an excessive wheat production, the losses in crop quality caused by pests and
diseases makes a significant amount of wheat to be imported into our country. In addition to
the diseases such as bunt, rust, smut, insect pests; sunn pest, cereal bugs, cereal spike beetles,
and cereal ground beetles, Zabrus spp. are important and cause losses in wheat yield and quality
(Lodos, 1989). Occurrence of high population densities of Zabrus spp. (Coleoptera: Carabidae)
can cause Yyield losses of up to 100% in years and areas where none of control methods are
applied. In our country, there are only seeds and surface chemical applications as control
methods against this important pest.

In terms of plant protection, although there are many different control options against pests,
the biological control is highly preferred over other methods, because of being the human,
animal and environmental friendly method, maintaining the ecological balance and
sustainability. As biological control agents, entomopathogenic nematodes (EPNs) (Rhabditida:
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Steinernematidae and Heterorhabditidae) attract attention increasingly in research area
recently. Their ideal properties such as; the broad host spectrum, to be able to kill their hosts
within 24-48 hours, to be producible commercially easily in vivo or in vitro, having ability to
search actively their hosts, settling in application areas and staying effective for a long time,
having easy applicability, being in compliance with many chemicals and being safe for the
environment are important for their preferability. They are soil dwelling, aquatic organism and
have motile bacteria living their intestine. The bacteria in Steinernematidae are Xenorhabdus
spp. and in Heterorhabditidae are Photorhabdus spp. Nematode and bacterium are mutualistic
symbionts and obligate, lethal parasites of insects. EPNs can be found everywhere on earth and
infect many different insects (Smart, 1995). Nematodes enter insect through natural openings.
Once in the insect, the nematode releases the bacteria that are carried in the intestine. Bacterial
cells reproduce rapidly and kill the insect within 24-48 hours using many different toxins. They
also produce antibacterial and antifungal antibiotics not to allow any other other organisims in
the host. The nematodes eat the bacteria and reproduce for 3 or 4 generations depending on the
food source. Over 100,000 nematodes exit the insect (Burnell and Stock, 2000).

Entomopathogenic nematodes have been used in controlling insects since the 1930s (Smart
1995) in various climatic regions of the world. They are important biological control agents of
soil-inhabiting insects (Gaugler 1981, Georgis and Poinar 1984, Klein 1990) such as Japanese
beetles, mole crickets, and root weevils. They have also been used successfully against above-
ground insects in cryptic habitats (Bedding & Miller 1981, Ralph 1981, Kaya 1988, Begley
1990, Kaya 1990, Vreditelyami et al. 1992), for example, navel orange worm, the codling moth
and the artichoke plume moth, carpenter worms, and clearwing moths.

However, studies on EPN are very limited and some of them have just started in Turkey.
Turkey having a diverse ecology shelters nine EPN species but the studies on the investigating
of efficacy and usage of these species on pests of cultivated plants are very rare. In this study;
we conducted experiments to find out the susceptibility of the larvae of Zabrus spp. against
entomopathogenic nematodes in the laboratory first time in the World to produce basic data to
use in the biological control of the insect.

MATERIAL AND METHOD

We studied entomopathogenic nematodes as an alternative to chemical control. The
entomopathogenic nematodes used in the trials were Steinernema feltiae-Commercial, S.
feltiae-Endemic, S. carpocapsae, S. bicornutum, Heterorhabditis bacteriophora, and H. indica.

Zabrus spp. larvae from wheat fields were collected digging into soil 25-30 cm at the end of
March and beginning of April. They brought to lab in ice box. They let stay in plastic containers
for 24 hours to differentiate the damaged ones during collecting and transportation. The trials
have been conducted in small plastic pots with a lid (8 cm in height, 6 cm in diameter)
containing autoclaved soil and repeated 2 times. The nematodes at 3 rates of 50, 100 and 200
infective juveniles (1Js)/cm? with 4 replicates applied evenly into plastic with pipet. Pots were
placed in incubators at dark adjusted 15, 20 and 25 °C. They were checked after 7 and 10 days
to count dead larvae. Efficacy was evaluated by comparing the treatments with untreated
control.

RESULTS AND DISCUSSION

The mortalities caused by nematodes increased by increasing rate and temperature at the 10"
day. The highest mortality with 75% at the rate of 200 IJs/cm? was caused by S. carpocapsae
followed by S. carpocapsae at the dose of 100 and 50 IJs/cm? with 70% mortality and H.
bacteriophora at dose of 200 1Js/cm? with 60% mortality. However they were statistically at

30



International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 2018

the same group. The lowest mortality with 5% mortality at the rate of 50 1Js/cm? was caused
by S. bicornutum at 15°C (Table 1).
Table 1. The efficacy of entomopathogenic nematods against Zabrus spp. larvae at 15 °C in laboratory

7t day count 10" day count
Dose Larva
Nematod 1/ used Death | Death Death Death
cm?) 1tand | (%) (%) Death (%) (%) Death
2" year | 1st 2nd average (%) 15t 2nd | average (%)
year | year year year

S.feltiae Endemic | 50 20+20 | 30 10 20bcde 30 30 30de
S.feltiae Endemic | 100 20+20 | 35 15 25cde 35 35 35ef
S.feltiae Endemic | 200 20+20 | 45 25 35def 50 50 50f
S feltiae 50 |20+20 |15 |25 20bcdef 15 15 15abcd
Commer
S.feltiae Commer | 100 20+20 | 30 25 27,5cde 30 30 30de
S.feltiae Commer | 200 20+20 | 50 30 40ef 55 55 55gh
H. bacteriophora | 50 20420 | 15 50 32,5cde 40 70 55fg
H. bacteriophora | 100 20+20 | 25 35 30cde 45 65 55gh
H. bacteriophora | 200 20+20 | 15 60 37,5ef 50 70 60ghi
S. carpocapsae 50 20+20 | 30 50 40ef 55 85 70hi
S. carpocapsae 100 20+20 | 40 60 50f 60 80 70hi
S. carpocapsae 200 20420 | 35 70 52,5f 65 85 75i
S. bicornutum 50 20+20 |5 0 2,5ab 5 5 5ab
S. bicornutum 100 20+20 10 15 12,5abc 15 25 20bcde
S. bicornutum 200 20+20 | 25 25 25cde 30 30 30de
H. indica 50 20+20 |5 5 5ab 10 10 10abc
H. indica 100 20+20 | 10 10 10abc 25 25 25cde
H. indica 200 20+20 | 15 15 15ab 25 25 25cde
Control 0 20+20 | O 0 Oa 0 0 Oa
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Table 2. The efficacy of entomopathogenic nematods against Zabrus spp. larvae at 20 °C in laboratory

7t day count

10" day count

Dose Larva
Nematod (IJ/2 iiee?n q ([(),/i;ﬁh (Do/eO;:\th Death 3Z?th (DOZ?th Death
cm’) 2" year | 1st 2nd ?(}f)rage 1t ond average (%)
year | year year year

S.feltiae Endemic | 50 20+20 | 25 15 20abc 25 15 20b
S.feltiae Endemic | 100 20+20 | 50 10 30bcde 50 45 47 5de
S.feltiae Endemic | 200 20+20 | 50 20 35bcde 55 50 52,5def
%(f)fnltri:(‘jrcial 50 20+20 | 20 25 22,5abcd 25 30 27,5bc
g(];(;]“ri:srcial 100 20420 | 35 35 35bcde 40 35 37,5cd
Sleltiee 200 |20+20 |50 |20 | 35bcde 55 50 52,5def
H. bacteriophora | 50 20+20 | 30 50 40bcde 55 50 52,5cde
H. bacteriophora | 100 20+20 | 40 35 37,5bcde 50 40 45cde
H. bacteriophora | 200 20+20 | 60 70 659 70 80 75gh
S. carpocapsae 50 20420 | 35 55 45defg 50 60 55def
S. carpocapsae 100 20+20 | 55 50 52,5efg 55 55 55def
S. carpocapsae 200 20+20 | 40 80 60fg 80 90 85h
S. bicornutum 50 20+20 | 30 30 30bcde 45 45 45cde
S. bicornutum 100 20+20 | 30 30 30bcde 45 45 45cde
S. bicornutum 200 20+20 | 45 45 45defg 75 60 67,5fg
H. indica 50 20+20 15 15 15ab 20 20 20b
H. indica 100 20+20 | 40 40 40cdef 55 65 60efg
H. indica 200 20+20 | 25 35 30bcde 55 65 60efg
Control 0 20+20 |5 0 2,5a 5 0 2,5a
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Table 3. The efficacy of entomopathogenic nematods against Zabrus spp. larvae at 25 °C in laboratory

7" day count 10" day count
Dose Larva
used Death Death Dea | Death
Nematod (IJ/2 1%and | (%) (%) Death average | th (%) | (%) Death
cm?) nd average
2" year 2nd (%) 15t | ond
1%t year (%)
year year | year
S.feltiae Endemic | 50 20+20 | 25 15 20abcd 25 | 25 25b
S.feltiae Endemic | 100 20+20 | 15 25 20abcd 45 | 55 50def
S.feltiae Endemic | 200 20+20 | 15 30 22,5bcde 50 | 70 60efg
S feltiae 50 | 20420 |20 10 15abc 30 |30 | 30bc
Commer
S.feltiae Commer | 100 20+20 | 15 10 12,5ab 35 | 25 30bc
S.feltiae Commer | 200 20+20 | 30 40 35bcdef 45 [ 45 45cde
H. bacteriophora | 50 20+20 | 55 65 60gh 60 | 70 65fg
H. bacteriophora | 100 20+20 | 15 60 37,5cdefg 50 | 80 65fg
H. bacteriophora | 200 20+20 | 40 60 50fg 50 | 80 65fg
S. carpocapsae 50 20+20 | 45 30 37,5cdefg 50 |50 50def
S. carpocapsae 100 20+20 | 60 60 60gh 60 | 60 60efg
S. carpocapsae 200 20420 | 95 60 77,5h 100 |90 95i
S. bicornutum 50 20+20 | 40 40 40defg 60 | 60 60efg
S. bicornutum 100 20+20 | 45 45 45efg 70 |70 70gh
S. bicornutum 200 20+20 | 45 20 32,5bcdef 90 | 80 85hi
H. indica 50 20+20 | 45 45 45efg 35 | 40 37,5bcd
H. indica 100 20+20 | 45 45 45efg 50 | 55 52,5defg
H. indica 200 20+20 | 20 45 32,5bcdef 60 | 80 70gh
Control 0 20+20 | O 0 Oa 0 |0 Oa

S. carpocapsae at the rate of 200 1Js/cm?, and S. feltiae-Endemic and H. indica at the rate of
50 1Js/cm? provided the highest (85%) and the lowest (20%) mortality, respectively at 20°C. H.
bacteriophora at the rate of 200 IJs/cm? with 75% mortality and S. bicornutum at the rate of
200 1Js/cm? with 67.5% mortality followed S. carpocapsae. They did not differ from each other
statistically (Table 2). At 25°C, S. carpocapsae at the rate of 200 1Js/cm? was the one producing
the highest mortality with 95% while S. feltiae-Endemic at the rate of 50 1Js/cm? was causing
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25% mortality which was the lowest (Table 3). S. bicornutum at the rate of 100 and 200 IJs/cm?
with 70% and 85% mortality and H. indica at the rate of 200 IJs/cm with 70% mortality
followed S. carpocapsae at the rate of 200 1Js/cm?, which were at the same group statistically.

CONCLUSIONS

As aresult, S. carpocapsae showed the best efficacy against Zabrus spp. and it was followed
by H. bacteriophora and S. bicornutum. Field trials with these nematodes showed high efficacy
against Zabrus spp. should be planned for future studies.
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ABSTRACT

This study was carried out to investigate the yield and yield components of some promising
chickpea genotypes at Cukurova conditions. The experiment was performed according to
complete randomized block design with four replications. This research was conducted with 9
genotypes (7 promising lines and 2 registered cultivars as a control orginated in Turkey) at
Cukurova University, Agricultural Faculty, Field Crop Department during winter season of
2015/2016 and 2016/2017. According to average of experiment years, plant height, first
podding height, number of branches per plant, number of pods per plant, number of grains per
plant, grain weight per plant, 100-grain weight, and grain yield varied from 61.1 to 72.0 cm,
from 22.7 to 35.4 cm, from 9.5 to 12.4 number plant™, from 56.6 to 103.5 number plant?, from
70.8 to 133.6 number plant?, from 27.3 to 45.5 g, from 32.5 to 44.0 g, from 1951 to 2690 kg
ha! respectively. There were positive and significant correlations between grain yield and plant
height, number of branch, number of pod, grain weight per plant, 100-grain weight.

Keywords: Chickpea, Yield, Agronomic Traits, Genotype, Correlation

INTRODUCTION

Cultivation of chickpea is widely spreaded in the worldwide and it is pulses the second
most important after dry bean for sowing area in the world. It has high protein, carbonhydrate,
mineral and vitamins and it is used as canning, boliling or roasting in human diets. Chickpea
is most important pulses in Turkey. In Turkey planted area and average grain yield for chickpea
are 360.0000 ha and the 128 kg ha* respectively (Anonymous, 2016). Chickpea has a great
grain production in Mediterranean of Turkey. Chickpea is traditionally planted at early spring
in the mentioned region, but grain yield is very low 800-900 kg ha). Chickpea can be grown
as a winter crop in the rotation with cotton and maize at Mediterranean region and it has a
great grain production in this region, but Ascochyta blight is a serious problem for winter
chickpea production because of warm and rainy climate condition at autumn sowing. Therefore
grain yield can considerably decrease. However, grain yield increases greatly if cultivars with
the tolerant to Ascochyta blight are grown as a winter crop at the Mediterranean conditions.
The average grain yield in chickpea was obtained in between 2000 kg ha* and 3000 kg ha*
(Mart and Anlarsal 2001.,Yucel and Anlarsal, 2012) for winter crop at coastal region. Some
researcher reported that yield and yield compenents are greatly influenced by rainfall and
temperature in flowering and podding, Khanna-Chopra and Sinha,1987; Yiicel et al., 2012;
Lake et al., 2016). Grain yield per plant was positively and significantly correlated with plant
height, branches number per plant, pods number per plant and 100-seed weight (Toker et al.,
2004, Gul et al., 2013; Pandey et al., 2013). Therefore, new chickpea cultivars which are
tolerant to Ascochyta blight, favourable to harvesting machine, high yielding capacity, large
seeded must be improved to spread cultivation of winter chickpea in the region.
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The objective of this study revealed the performance of some promising chickpea genotypes
under Mediterranean climates. Therefore, some selected chickpea genotypes at this region were
investigated for grain yield and yield components and relations to among some traits.

MATERIALS AND METHODS

The experiment was conducted at research area of Department of Field crop of Agricultural
Faculty of Cukurova University (35° 18” E, 37° 01 N;23 m above sea level) during 2015/2016
and 2016/2017 experimental years. This area has Mediterranean climate at Turkey. Average
annual total precipitation and mean temperature of this area are 625 mm and 18.7°C according
to long-terms respectively. Meteorological values were given in Table 1. In Balcali the soil of
research area was sandy-loam in textures. Values of pH and salt content were 7.78 and 0.33
mmhos cm™, respectively.

Table 1. Values of monthly average temperature and total precipitation of Adana.

Meteorological Years November | December | January| February| March | April | May

Parameters
Mean 2015-2016 24.6 18.8 13.4 20.2 21.7 275 | 27.1
Temperature |2016-2017 23.2 14.1 13.9 17.7 21.1 24.7 | 274
(°C) Long term 14.8 10.5 9.3 10.0 12.9 17.3 | 21.6
Total Rainfall {2015-2016 10.5 0.6 138.4 83.1 54.3 1.8 | 879
(mm) 2016-2017 11.9 147.1 52.0 0.8 654 | 65.9 | 45.9
Long term 86.4 115.6 95.0 82.5 61.1 50.3 | 43.4

The research material was seven promising line ( FLIP 09-51 C, FLIP 09-24 C, FLIP
09-17 C and FLIP 09 -29 C, FLIP 06-118 C, FLIP 06-111 C, FLIP-05-88 C) and two check
cultivars orginated Turkey (Seckin and Hasanbey). The promising lines were selected from a
lot of number lines orginated ICARDA (International Center for Agricultural Research in the
Dry Areas) in Syria. The experiment was organized in randomized complete block design
(RCBD) with four replication. Each plot was sown in rows of 5 m lenght and 4 rows with a
spacing of 45 cm between rows. Plant to plant distance in row was 6 cm. Each genotype was
planted at the end of November in both years. The fertilizer was applied at a rate of 30 kg N
ha! and 70 kg P2Os ha'! before sowing. The plot was harvested at the beginnig of June and the
middle of June in the first and second experimental years respectively.

The traits were measured on ten plants selected randomly from each plot. Plant height (cm),
number of branches per plant, number of pods per plant, grains per plant, 100-grain yield (g),
grain weight per plant (g) and grain yield (kg ha) were investigated.

The data were variance analiysed combined over experiment years according to the
randomized block using MSTATC programme. Differences among the average were found
using Duncan multiple range test at 0.05 probability level.

RESULTS AND DISCUSSION

Values of plant height and first podding height of genotypes for 9 chickpea genotypes in
different experimental years were presented in Table 2. According combined years, the study
showed that plant height was significantly affected by genotypes and it varied from 61.1 (09-
17 C) to 72.0 cm (09-24 C). The years were significantly affected the plant height. The mean
value for this trait was lower in first experimental year (63.5 cm) than in second experimental
year (70.2 cm). Field emergence date of genotypes in the first year was later (January 5)
compared with second year because of late rainfall. Genotype x year interaction was significant
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for plant height. The highest value was achived by genotype 09-24 C with 72.0 cm followed by
05-88 C and 06-111 C while the lowest value was obtained from 09-17 C with 53.5 cm.

Table 2. Mean values for plant height and first pod height of 9 chickpea genotypes”

Genotypes Plant height (cm) First pod height (cm)
2015/16 2016/17 Mean 2015/16 2016/17 Mean
09-51C 60.8 de 63.9 cd 62.3 de 28.5 24.1 26.3d
09-24C 66.6 cd 774 a 72.0a 35.2 35.1 35.1a
09-17C 535f 68.8 bc 6l.le 22.5 23.1 22.7¢€
09-29C 59.4¢e 69.3 bc 64.3 cde 27.2 28.6 27.9 cd
06-118 C 66.2 cd 70.0 bc 68.1 abc 30.3 29.5 29.9 bc
06-111 C 66.4 cd 73.3ab 69.8 ab 319 34.9 33.4ab
05-88 C 66.7 cd 76.8a 71.7a 35.1 35.6 354a
Seckin 64.7 ce 66.5 cd 65.6 cd 33.9 28.5 31.2bc
Hasan bey 67.0 cd 65.9 cd 66.5 bc 32.2 28.4 30.3 bc
Mean 63.5b 70.2 a 66.8 30.7 29.8 30.3
CV(%) 5.6 22.9

“Means with a column and line for each trait followed by the some letters are not significantly different for
Duncan’s multiple range test (p <0.05).

According to combined years differences among the genotypes were significant for the first
podding height . The highest value was found for 05-88 C (35.4 cm) and 09-24 C (35.1 cm)
whereas the lowest one was 09-17 C with 22.7 cm. The first podding height was significantly
affected by years and genotype x years interaction.

The mean values of branches per plant and pods per plant of 9 chickpea genotypes in
different experimental years were presented in Table 3.

Table 3. Mean values for number of pods per plant and number of grains per plant of 9
chickpea genotypes”

Genotypes Number of branches per plant Number of pods per plant
2015/16 2016/17 Mean 2015/16 2016/17 Mean
09-51C 15.9 6.3 11.1 68.7 1135 91.1a
09-24 C 13.5 7.6 9.5 50.0 71.9 60.9b
09-17C 11.9 7.0 9.5 44.9 74.9 599b
09-29C 14.8 5.8 10.3 55.3 85.8 70.5b
06-118 C 16.5 8.3 12.4 75.9 131.1 103.5a
06-111C 14.7 7.3 11.0 53.6 62.0 57.8Db
05-88 C 13.6 9.9 11.8 46.5 90.6 68.5b
Seckin 12.2 6.7 9.5 39.1 74.2 56.6 b
Hasan bey 15.1 7.9 11.5 57.8 73.9 65.8 b
Mean 142 a 740 10.8 54.6 b 86.4a 70.5
CV(%) 22.9 23.8

“Means with a column and line for each trait followed by the some letters are not significantly different for
Duncan’s multiple range test (p <0.05).

The branches per plant were not influenced by genotypes and genotype X year interaction in
both years, but years affected the branches per plant. Branches per plant in the first experimental
year (14.2) were higher than in the second experimental year (7.4). The number of branches per
plant was varied between 9.5 and 12.4.
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The mean of the pods per plant were significantly affected by genotypes. The highest number
of pods was obtained in 06-118C (103.5) and 09-51 C (91.1) while the lowest value was found
for Seckin (56.6) Number of pods was higher in the second year than in first year. The high
average temperature (27.5 °C) and low rainfall (1.8 mm) during the flowering stage in beginning
April at the first year may cause lower the pods compared with the second year (Table 1).
Similarly to our findings some researcher reported that high temperature and low rainfall
affected negative the generative traits in various legumes (Bakry et al., 2011; Kanchan and
Virender, 2014; Lake et al., 2016

Values of grains per plant and 100-grain weight of chickpea genotypes in different
experimental years were given in Table 4. Differences among the genotypes for grains per
plant were significant. The mean values of grains per plant varied 70.8 (06-111 C) to 133.6 (06-
118 C). This trait was significantly affected by the years. Number of grains per plant was higher
in the second year compared with first year as in pods per plant. High number of grains per
plant in the second year may be due to the high pods per plant in the same year. The effect of
genotypes was significant for 100-grain weight. The mean 100-grain weight varied from 32.5
g (06-118 C) to 44.0 g (09-51 C). The 100-grain weight was significantly influenced by years.
The value of 100-grain weight in the second year was greater than in the first year. The high
temperature and low rainfall during the stage of grain filling in April at the first experimental
year may decrease the 100-grain weight.

Table 4. Mean values for number of grains per plant and 100-grain weight of chickpea

genotypes.”
Genotypes Nuimber of grains per plant 100-grain weight (g)
2015/16 2016/17 Mean 2015/16 2016/17 Mean
09-51C 78.2 131.6 107.9b 43.5 44.0 44,0 a
09-24 C 64.1 83.2 73.6¢ 37.6 40.0 39.0c
09-17C 55.9 96.2 76.0c 40.2 42.0 415D
09-29 C 64.4 91.1 77.7c¢c 35.4 38.4 36.5d
06-118 C 97.2 169.9 133.6a 32.0 33.1 325¢e
06-111C 96.5 72.2 70.8 ¢ 39.5 45.0 420D
05-88 C 59.3 91.4 75.3¢C 34.5 37.7 36.1d
Seckin 54.6 99.7 77.1c 37.5 41.7 39.6¢
Hasan bey 73.3 105.0 88.6 bc 39.9 42.0 40.9 bc
Mean 68.4Db 1045 a 86.4 37.8Db 40.5a 39.2
CV(%) 26.6 4.2

“Mean s with a column and line for each trait followed by the some letters are not significantly
different for Duncan’s multiple range (p <0.05)

Values of grain weight and grain yield of chickpea genotypes in experimental years were
given in Table 5. There were significantly differences among the genotypes for grain weight
per plant and it varied 29.6 (09-24 C and 09-17 C) to 45.5 g (09-51 C and 06-118 C). Grain
weight per plant in the second experimental year due to high pods per plant, grains per plant
and 100 grain weight was significantly higher than in the first experimental year. Genotype x
year interaction was not significant for this trait.

As shown in Table 5, according to combined years’ differences among the genotypes were
significant for grain yield. Grain yield varied 1951(06-118 C)-2690 kg ha* (09-24 C). However,
there were not differences between genotypes 09-24 C, 05-88 C and Segkin. Grain yield was
greater in the second year due to the low rainfall and high temperature during the flowering and
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pod filling stage compared with the first year. Similar opinions were reported by some
researcher (Kanchan and Virender, 2014; Meena et al., 2015; Lake et al., 2016.) Genotype X
year interaction was significant for grain yield. The highest yield was achived by genotype 09-
29 C with 2690 kg ha* followed by 05-88 C and 09-24 C in the second experiment year. The
lowest yield was obtained from 06-188 C with 06-188 C with 1577 kg ha™. These results were
in close agreement with the findings of some reports (Anlarsal et al., 1999, Yiicel and Anlarsal,
2006; Mart et al., 2011; Ton and Anlarsal, 2016). The mentioned genotypes and check cultivars
also showed tolerance to Ascochyta blight in both years.

Table 5. Mean values for seed weight per plant and seed yield of chickpea genotypes.”

Grain weight per plant (g)

Grain yield (kg ha~1)

Genotypes
2015/16 2016/17 Mean 2015/16 2016/17 Mean
09-51C 36.4 54.2 455a 1823 g-1 2760 cd 2290 b
09-24C 234 31.2 29.6 b 2078 f-h 3303 ab 2690 a
09-17C 22.1 37.1 29.6 b 2039 f-h 2548 de 2294 b
09-29 C 221 325 27.3Db 1741 hu 3364 a 2552 ab
06-118 C 33.8 57.3 455a 15771 2324 ef 1951 ¢
06-111C 27.2 32.6 29.9b 1824 g-1 3060 a-c 2444 ab
05-88 C 19.9 37.6 28.7b 1984 f-1 32.8ab 2617 a
Seckin 20.1 39.3 29.7Db 2018 e-h 3134 a-c 2657 a
Hasanbey 28.6 40.0 34.3b 2196 e-g 2874 bd 2530 ab
Average 26.0b 40.2 a 33.1 1939 b 2957 a 2448
CV(%) 25.9 11.2

*Means withi a column and line for each trait followed by the some letters are not significantly different for
Duncan’s multiple range test (p <0.05)

Simple correlations coefficients between yield and yield components in chickpea were
presented in Table 6.

Table 6. Simple correlations coefficients between yield and yield components in chickpea

Yield components | 2 3 4 5 6 7 8

1. |PH 0.531™ [0.299" [0.334™ |0.244" |0.254" |0.065  |0.577"
2. |FPH - 0.099 |-0.268" 0.293"  [-0.324™ |-0.106  [0.123
3. |[BPP - - -0.169  |-0.174  |-0.184 |0.359™ [0.613™
4. |PPP - - - 0.921™ |0.933"™ [0.004 |0.328™
5. |GPP - - - - 0.936™ |-0.320™ [0.209
6. |GWP - - - - - 0.154  |0.304™
7. |100-GW | - - - - - 0.362™
8. |GY - - - - - - -

*, ** ns, significant at 5% and non significant level respectively .

1.PH: plant height(cm), 2.FPH: First pod height(cm), 3.BPP: Grains per plant , 4. PPP: Pods per plant, 5.GPP: Grains per
plant=! 6. GWP: Grain weight per plant 7.100- GW: 100- grain weight(g), 8.GY:Grain yield(kg ha=?)
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As seen in Table 6, positive and significant correlations were observed between grain yield
with plant height (0.577™), pods per plant ( 0.328™), grain weight per plant (0.304""), 100-grain
weight (0.362™) and branches per plant (0.613™). These results were also similar to the results
of Ton and Anlarsal, 2016, Kobraee et al., 2010, Biabani et al.,2011. The association of grain
yield with first podding height had not signifficant. Grain weight per plant showed significant
and positive correlation with plant height, pods per plant, grains per plant. Similar results were
reported by Ali et al., 2009; Ali and Hassan, 2011; Samad et al., 2014, Hegde and Kumar,
2015, Samyuktha et al., 2017. However, in contrast to our findings, (Sing et al. 2017) recorded
that seed yield per plant showed non-significant correlations with these characters except pods
per plant. This present revealed that there was negative significant correlation between grain
weight per plant and first podding height. The relationship between grain weight per plant and
branches per plant was non significant. Similar findings were reported by Jha et al. Singh et al.
100-grain weight exhibed negative and significant correlations with grains per plant. Similar
result was reported by Samyukta et al., 2017. On the other hand there were not significant
correlations between 100-grain weight and plant height, first podding height, pods per plant,
grain weight per plant. However, the correlation between 100-grain weight and branches
number was positive and significant. Positive and significant relationships were found between
plant height and first podding height, pods per plant, grains per plant, grain weight per plant.

CONCLUSIONS

The results of this research showed that the 09-24 C, 05-88C, 09-29 C, 06-111 C genotypes
had high grain yield and their yields were similar to those of check cultivars (Se¢kin and
Hasanbey). They also showed tolerance to Ascochyta blight. On the other hand 100 grain
weight of 09-51 C, 09-17 C, 06-111 C, 09-24 C was greater than those of check cultivar Seckin.
The mentioned promising genotypes should be tested in diverse environment of Mediterranean
region in Turkey. The present study revealed that plant height, pods per plant, grain weight
per plant and 100-grain weight and branches per plant may be considered for improving grain
yield in chickpea.
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Abstract

Plants are exposed to various stress factors in their natural environment that causes
physiological and biochemical damage on the product quality. Pesticide stress is one of the
most experienced abiotic stress factors. In this study the effect of herbicide and insecticide stress
were tested simultaneously and in a separate manner on the tobacco plant. With this aim
different doses of herbicide and insecticide were applied on the tobacco plants and collected
leaves were tested for their total chlorophyll, carotenoid and malondialdehyde content as well
as antioxidant enzyme activity. According to the findings stress applied groups has shown that
chlorophyll content has decreased, malondialdehyde content has increased where antioxidant
enzyme activity changes. These changes were more remarkable for the herbicide and
herbicide+insecticide group.

Keywords: Herbicide, Insecticide, Nicotiana tabacum, Antioxidant

INTRODUCTION

Plants are exposed to several stress factors in their natural environment. The production of
reactive oxygen species (ROS) increases in plants under stress. Increased ROS causes lipid,
protein and chlorophyll damage in cells, leading to DNA and RNA damage which results in
cell death, thereby causing harm for the plant. Enzymatic and non-enzymatic antioxidants in
plants helps the plant to overcome stress conditions by regulating ROS levels (Mittler 2002;
Culha and Cakarlar 2011; Biiyiik et al. 2012).

Pesticides are one of the common stress factors that plants are often exposed to.
Combination of pesticide can be used in various agricultural applications. These active
substances are specifically designed to combat diseases and unwanted organisms (Y1ldiz et al).
Plant pests may include insects, rodents, weeds or other undesirable hosting organisms
(Ecobichon, 1998). Therefore, pesticides occupies an important space among other chemicals.
An ideal pesticide should be be highly specific for the undesired target organism. However,
most pesticides are toxic to several non-target organisms, including human beings (Klaassen,
2011).

Pendimethalin (N- (1-ethylpropyl) -3,4-dimethyl-2,6-dinitrobenzenamine) is a herbicide
that is used for controlling the narrow- and broad-leaved weeds in areas where cotton, tobacco,
sunflower and vegetables are grown (Appleby and Valverde, 1989; Sondhia 2012). This agent
inhibits the steps involved in cell-wall formation and cell division, thereby leading to damage.

Methomyl (S-methyl N-(methylcarbamoyloxy) thioacetamidate) is a broad-spectrum
insecticide on vegetables, tobacco, cotton, alfalfa, soy beans and corn. It is effective as both
contact and systemic effects (Farre et al. 2002).

In the present study, a comparative evaluation has been performed to assess certain changes
in tobacco resulting from separate and simultaneously application of two pesticides that are

40



International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 2018

commonly utilized in tobacco-growing areas. For this purpose, total chlorophyll, carotenoid,
malondialdehyde (MDA) and glutathione (GSH) contents and glutathione reductase (GR) and
glutathione S-transferase (GST) activities have been investigated.

MATERIAL AND METHODS

Plant growth and treatments

The plant materials for the study were “Oriental cv.” tobacco seedlings supplied from
farmers who grow tobacco in Adiyaman/Celikhan. The seedlings (of approximately 40 days
old) were planted in turf: perlite mix (3:1) pots and placed in a climate chamber at 30°C with
65% humidity. Seedlings were divided into four different groups 10 days after the planted. The
first group was the control group and treated with pure water only. The second group was treated
with 3 different doses (7.5, 15 and 30 mM) of pendimethalin (Pend), the third group was treated
with 3 different doses (4, 8, 16 mM) of methomyl (Met) and the fourth group was treated with
15 mM Pend+8 mM Met. Leaf samples were collected for analysis 10 days after these
treatments.

Physiological and biochemical analyses

Determination of the total chlorophyll and carotenoid contens were made according to De
Kok and Graham (1980) and Lichtenthaler and Wellburn (1983). The GST activity was
determined according to Habig et al. (1974). The GR activity was made according to Carlberg
and Mannervik (1985). The MDA content was analysed according to Heath and Packer (1968).
The GSH content was determined according to Akerboom and Sies (1981).

Statistical analysis was performed using the SPSS 17.0 software. The differences between
the averages at different stress groups were determined using Duncan's (1955) method.

RESULTS

Total chlorophyll and carotenoids content of leaves in tobacco plant exposed to pesticide
stress

Total chlorophyll content has decreased compared to control group at all stress groups.
Although the highest total chlorophyll content was found as 7.28 ug™ g at control group, the
lowest total chlorophyll content was found as 5.33 pg? g at groups of treated with 15 mM
Pend+8 mM Met (p<0.05) (Fig. 1).

800 1 a b b
7,00 - c o d
e 600 f g
2 500 -
5
S 4,00 -
= 5 300 -
S5, 2,00 -
o2
5 = 100 -
5 0,00 - T T T T T T T
® Control 7.5mM 15mM 30mM 4mM 8mM 16 mM 15mM
2 (OmM) Pend Pend Pend Met Met Met Pend+
8 mM
Met

Treatments

Figure 1. Changes in total chlorophyll content in tobacco leaves exposed to Pend and Met stresses.
The different lower-case letters are significantly different from each other (p<0.05) among different
concentration of Pend and Met according to Duncan'’s test.
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Carotenoid content has decreased comparing to the control group at all stress groups. The
highest carotenoid content was found as 3.21 ug? g at control group, the lowest total
chlorophyll content was found as 1.98 pg™* g at groups of treated with 15 mM Pend+8 mM Met

(p<0.05) (Fig. 2).
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Carotenoids Content
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Figure 2. Changes in carotenoid content in tobacco leaves exposed to Pend and Met stresses. The
different lower-case letters are significantly different from each other (p<0.05) among different
concentration of Pend and Met according to Duncan's test.

MDA content of leaves in tobacco plant exposed to pesticide stress

MDA content of plants exposed to pesticide simultaneously was found to be higher
compared to those exposed separately. The highest MDA content was found as 7.31 umol MDA
g FW at groups of treated with 15 mM Pend+8 mM Met (p<0.05) (Fig. 3).
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Figure 3. Changes in MDA content in tobacco leaves exposed to Pend and Met stresses. The different

lower-case letters are significantly different from each other (»p<0.05) among different concentration of
Pend and Met according to Duncan's test.
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GSH content of leaves in tobacco plant exposed to pesticide stress

GSH content increased compared to control at all stress groups. The highest GSH content
was found to be 0.83 umol min*mgprotein at groups of treated with 15 mM Pend+8 mM Met
(»<0.05) (Fig. 4).
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Fig. 4. Changes in total GSH content in tobacco leaves exposed to Pend and Met stresses. The
different lower-case letters are significantly different from each other (p<0.05) among different
concentration of Pend and Met according to Duncan's test.

GR and GST activities of leaves in tobacco plant exposed to pesticide stress

GR and GST activities of plants exposed to the pesticide simultaneously was found to
be higher compared to those exposed separately. The highest GR activity was found to be 0.51
umol min"mgtprotein at groups of treated with 15 mM Pend+8 mM Met (p<0.05). The highest
GST activity was found to be 0.72 umol minmgprotein at groups of treated with 15 mM
Pend+8 mM Met (p<0.05) (Fig. 5, 6).
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Figure 5. Changes GR activity in tobacco leaves exposed to Pend and Met stresses. The different
lower-case letters are significantly different from each other (p<0.05) among different concentration of
Pend and Met according to Duncan's test.
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Figure 6. Changes GST activity in tobacco leaves exposed to Pend and Met stresses. The different
lower-case letters are significantly different from each other (p<0.05) among different concentration of
Pend and Met according to Duncan's test.

DISCUSSION

Environmental stresses might cause negative effects on plants. Pesticide stress is one of the
most experienced abiotic stress factors. In this study the effect of herbicide and insecticide
stress were tested simultaneously and in a separate manner on the tobacco plant. Chlorophyll
content is accepted as one of the indicators of resistance of plant against environmental stresses.
The results illustrated that total chlorophyll and carotenoid contents have decreased compared
to control at all stress groups. This decrease in the pigment content can reflect pesticide-induced
stress.

MDA is a final product of lipid peroxidation and an indicator of cellular damage in plants
exposed to stress. There are studies in the literature reporting that MDA content increases under
different stress conditions (Garkova et al.,2011; Qiu et al.,2014; Qing et al.,2015). The findings
showed that MDA content increases compared to control group at all stress groups.

Antioxidant compounds play an important role on protection of cell against ROS and help
plants to survive under stress (Mandal et al., 2009; Gill et al., 2013). This study shows that GST
and GR activities and GSH content increases comparing to the control group at groups exposed
to pesticides. Those changes were more remarkable for the groups that were treated with 15
mM Pend+8 mM Met.

CONCLUSIONS

As a conclusion, according to the results has showed that it is essential to raise awareness
on pesticide use among farmers for the two stress factors that plants are exposed, either
separately or often simultaneously during their growth which causes oxidative damage in the
plant, and especially considering the unfavorable effects of pesticides on non-target organisms.

REFERENCES
Akerboom, T. P. M, Sies, H. (1981) Assay of glutathione, glutathione disulfide and glutathione

mixed disulfide in biological samples, In: Jakoby, W. B. (ed.), Methods in Enzymology
77, Academic Press, New York, pp. 373-382.

44



International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 2018

Appleby, A., Valverde, B. (1989) Behavior of dinitroaniline herbicides in plants. Weed
Technol., 3:198-206.

Biiyiik, I., Soydam-Aydin, S., Aras, S. (2012). Bitkilerin stres kosullarina verdigi molekiiler
cevaplar. Tiirk Hij. Den. Biyol. Derg., 69(2): 97 — 110.

Carlberg, 1., Mannervik, B. (1985). Glutathione reductase. Method. Enzymol., 113: 484-490.

Culha, S., Cakirlar, H. (2011). Tuzlulugun bitkiler {izerine etkileri ve tuz tolerans
mekanizmalari, AKU Fen Bilimleri Dergisi, 11: 11-34.

De-Kok, L., Graham, M. (1980). Levels of pigments, soluble proteins, amino acids and
sulfhydryl compounds in foliar tissue of Arabidopsis thaliana during dark induced and
natural senescence. Plant Physiol. Biochem., 27: 133-142.

Duncan, D. B. (1955). Multiple range and multiple F tests biometrics. IBS 11, 1-42.

Ecobichon, D. J. (1998). Occupational Hazards of pesticide exposure, sampling, monitoring,
measuring, Taylor&Francis, Philadelphia.

Farré, M., Fernandez, J., Paez, M., Granada, L.,, Barba, L., Gutierrez, H. M., Pulgarin, C.,
Barcelo, D. (2002). Analysis and toxicity of methomyl and ametryn after
biodegradation, Anal. Bioanal. Chem., 373: 704—709

Garkova, A.N., Rusyaeva, M.M., Nushtaeva, O.V., Aroslankina, Y.N., Lukatkin, A.S. (2011).
Treatment with the herbicide granstar induces oxidative stress in cereal leaves. Russ. J.
Plant Physiol., 58(6): 1074-1081.

Gill, S. S., Anjum, N. A., Hasanuzzaman, M., Gill, R., Trivedi, D.K., Ahmad, I., Pereira, E.,
Tuteja, N., 2013. Glutathione and glutathione reductase: A boon in disguise for plant
abiotic stress defense operations. Plant Physiol. Biochem., 70: 204-212.

Habig, W. H., Pabst, M. J., Jakoby, W. B., (1974). The first enzymatic step in mercapturic acid
formation Glutathion S-Transferases. J. Biol. Chem., 249: 7130-7139.

Heath, R. L., Packer, L., (1968). Photoperoxidation in isolated chloroplast, I. Kinetics
stoichiometry of fatty acid peroxidation. Arch. Biochem. Biophys., 125: 180-198.

Klaassen C. D. (2001). Casarett & Doull’s Toxicology The Basic Science of Poisons, Medical
Publition Division, 6 th Edition, 760-800.

Lichtenthaler, K., Welburn, A. R. (1983). Determination of total carotenoids and chlorophylls
a and b of leaf extracts in different solvents. Biochemical Society Transactions, 603rd
Meeting, Liverpool, pp. 591-592.

M. Yildiz, O. Giirkan, C. Turgut, U. Kaya. Tarimsal savasimda kullanilan pestisitlerin yol agtig1
¢evre sorunlari, http://www.zmo.org.tr.

Mandal, S., Yadav, S., Yadav, S., Nema, R.K. (2009). Antioxidants: A Review. J. Chem.
Pharm. Res., 1(1): 102-104.

Mittler, R. (2002). Oxidative stress, antioxidants and stress tolerance. Trends in Plant Sci., 7,
405-410.

Qing, X., Zhao, X., Hu, C., Wang, P., Zhang, Y., Zhang, X., Wang, P., Shi, H., Shi, H., Jia, F.,
Qu, C. (2015). Selenium alleviates chromium toxicity by preventing oxidative stress in
cabbage (Brassica campestris L. ssp. Pekinensis) leaves. Ecotoxicol. Environ. Saf., 114:
179-1809.

Qiu, Z., Guo, J., Zhu, A., Zhang, L., Zhang, M. (2014). Exogenous jasmonic acid can enhance
tolerance of wheat seedlings to salt stress. Ecotoxicol. Environ. Saf., 104: 202—-208.

Sondhia, S. (2012) Dissipation of pendimethalin in soil and its residues in chickpea (Cicer
arietinum 1.) under field conditions. B. Environ. Contam. Tox., 89: 1032—-1036.

45


http://www.zmo.org.tr/

International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 2018

COMPARATIVE ASSESSMENT OF LAJTHIZA AND BOVELLA’S WATER AT
THE SOURCE, UP TO PRODUCTION-READY DURING 2017-2018

Majlinda SANAY", Emina DACI?

! Aleksander Moisiu University, Durres
2 University of Prishtina

* lidabrahaj@hotmail.com
Abstract

With population increasing and knowledge development, the requirements for drinking water
quality and safety have been increased. Nowadays, the request for high quality and safety
drinking water has been increased, parallel to industrial, agricultural, energy and aquaculture
usage. Water is one of the main ingredients for consumption and for use in the food industry, it
has a high strength solvent to salts therefore, depending on the chemical composition of the
layers from which water passes, enriched with various substances and thus has a content of
different chemical. Water used for consumption and industry should be drinking. The drinking
water is characterized by parameters such as organoleptic, chemical and bacteriological. Water
than from all other juices falling shrink to a certain temperature (+4 "C) and then immediately
abruptly begins to swell. When it freezes, it expands even more. For this reason the solid water
is easier than its liquid state. So, instead of ice water swim by the laws of physics should sink
to the bottom of it. Water should be easier and less mineralized. The amount of minerals
dissolved in water is a basic indicator for the natural mineral water, the label in the form of
parameter "dry residue at 180 °C in mg/I". The lower this value is, the better is the water. This
study takes into account the scientific evidence of the above, where the resources at any time
of the year there are no variable composition and chemico-physical and to maintain equal
treatment of the quality regulated by the technological process from storage, filtering varied
and up on the packaging. Albania is considered a country with many natural water resources
where there are many opportunities for the development of the water industry for human
consumption

Keywords: Water, Water features, Resources, Water quality
INTRODUCTION

With the development and the population increasement, the demand for a better quality
water is increased. Besides industrial usage, agricultural, energetic and thermo-energetic, fish
industry and aquaculture, today also the demand for a drinkable and qualitative water is
increased, especially in terms of personal hygena and in tourism. Water, not only is the main
component of the human body, but he is also one of the three elements (earth, water, air) of life
on our planet. The lack of drinking water to informal settlements and the more the risk of
pollution from land existing as well as from the air, always adds more "drink water". Today
more and more insurance to the consumer water is made in the form of packaged to ensure its
quality. The variety of pollutants in the environment often causes the change of the physical,
chemical and microbiological natural source. Increasing Food Standard of living increases the
demand for bottled drinking water. The world market for bottled water has a consumption
exceeding 89 billion liters per year. Western Europeans are the biggest consumers in the world
of bottled water (85 liters/person/year). Classification of drinking water by the International
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Organization for Water (IOW) is as follows: natural mineral water, spring water and purified
water (surface water or groundwater). Also, IOW for bottled water bottle takes into account
four categories as artesian water, drinking water (tap) water, gas and water wells. Water
characteristics significantly affect the development of the various stages of the process of
technological processes and the quality of nutrition, so it is necessary to use an adequate water.
If you can not possess a suitable water for consumption, we should perform appropriate
treatments to modify the characteristics or special operations, in order to avoid negative effects.
Among the key indicators necessary and drinking mineral water are:

The contentof < < 500 = >
dissolved salts in 50 500 1500 1500
water (mg/ I)

Natural mineral very low medium high
water containing: low

Mineral salts in water in the form of cations and anions. Usually cations and anions in the
most important are: Ca*?, Mg*2, Na*, Fe*?, HCO3, S042, CI', F~. Their content is necessary in
certain limits, while the surplus is harmful to human health. In general, their content must be
according to the following indicators, in mg/I: canions: Ca*? > 150, Mg*?> 50, Na* >200, Fe*?
> 1 and anions: HCO3 > 600, S042 > 200, CI- >200, F > 1, content of free CO, according
standardev should be > 250 mg/I.

In this article we are performed analysis and assessment Lajthiza and Bovilla water during
2017, some of these characteristics may come as a result of pollution of natural resources, the
packaging that they are traded or technology of drinking water treatment.

MATERIALS AND METHODS

There are determined the physical-chemical parameters like pH, temperature, turbulence,
conductivity and free clor.

Two are the methods used for the determination of physical-chemical parameters,the
spekto-fotometrical method, UV-VIS and the volumetrical method (APHA1998). Also the
microbiological lab determines total coliforms, fechal coliforms, fechal streptococci and
general mycroflora in 22 degrees Celsius, 36 degrees Celsius and Clostridium. For
microbiological analysis is used the technique of membrane filtering, where 100 ml of water is
filtered with the help of a filtering device in vacuum, using membranic filters with 47-50 mm
of diameter and pore size 0.45um. The filters with the content of filtering water are put in a
“petri dish” plates with willing dehydrated surfaces and according to case are put in thermostat
or mari bath. We highlight that the methods used are in accordance with European standard
80/778 albanian standard STASH 3904:1997 (VKM 145,1998) for the water quality
consumped by humans.

The sampling method

Samples for analysis were taken in accordance with the rules of sampling for analysis. They
represent samples: water that is packaged in place, water packaged overseas (imports), as well
as from the origin where packaged waters produced in place. Equipment used for the analysis
of all physical-chemical indicators and bacteriological are:
Through these devices are defined as:
1. By conductometer determined electrolytic conductivity of water.
2. By pH-meter determined value of alkalinity.
3. By turbo-meter determined turbidity of the water.
4. By ammonium-meter determined NH** quantify.
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5. By spectrophotometer determined the light absorption measures.

By analogy should make sure that the concentration of organic substances extracted by
chloroform (ECC), as he polycyclic aromatic hydrocarbons, should not exceed 0.2 mg / | and
not have the presence of pesticides (Schedule 1). Water to be evaluated as drinking must have
a constant temperature, ranging from 6 to 12 ° C, there should be no abnormal taste or odor
even at 60 °C. Also there should be no color and should be fine. The clarity of the water is an
indication of lack of insoluble substances, however this feature is very relative because they are
very few waters that have not suspended substances (Schedule 1). Evaluation of suspended
substances can be performed with a measurement of turbidity by turbidimetrit Jackson. The
analysis results are expressed in units Jackson (rotected) which can be converted into other units
through equivalency factors. According to the norms of the World Health Organization
maximum turbidity should be in the 5 rotected.

Chemical analysis should enable the removal of fecal contamination originated, those organic
and inorganic type; such information is obtained by performing analysis for the determination
of organic substances, ammonium chloride (organic pollution in action), nitrites and nitrates
(organic pollution distinct) and inorganic elements that may be present due to infiltration of
emissions coming from the surrounding industrial areas. It is important, both from the
standpoint of the consumer, as well as suitability of use in any industry, defined as insoluble
salts and their composition. For this purpose we need to know the power of a water classify in
total, temporary and permanent.

The total power is determined by the concentration of calcium and magnesium salts. Temporary
power is determined by the concentration of calcium and magnesium salts that are as
bicarbonate, whereas the difference between these two types of power sets and found a
permanent power of the calcium and magnesium salts that remain undigested in the water after
it has been boiled.

RESULTS AND DISCUSSION

In this comparative study were obtained two types of groundwater in the country, Lajthiza
and Bovilla water. Samples taken are taken from the source, the beginning of the technological
process in the middle of the process and its conclusion. Chemical analysis carried enable the
identification of fecal contamination originated, those organic and inorganic type; Such
information is obtained by performing analysis for the determination of organic substances,
ammonium chloride (organic pollution in action), nitrites and nitrates and inorganic elements
that may be present due to infiltration of emissions coming from the surrounding industrial
areas.

The quality of drinking water originating from Bovilla reservoir regularly followed by two
laboratories, chemical and microbiological, set up near the treatment plant. These two labs
perform regularly once or twice a day for about 19 tests physico-chemical parameters and six
microbiological parameters (Schedule 1). In each laboratory carries untreated water and treated
water; also measured several times a day some of the main parameters of water in the main
stages of water treatment performance, the introduction, partitor, filters and exit the facility. At
the same time, the electronic monitoring devices for untreated water and treated, automatic
measured parameters, such as pH, temperature, turbulent, conductivity, chlorine free; data
reflected in the central server, which supervises the entire process automatic water purification
technology. We note that the methods used by us are in accordance with European standard
80/778 and STASH Albanian Standard 3904: 1997 (Decision 145, 1998) (Schedule 1, 2 and 3),
the quality of water consumed by man.
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Specific Bacteria

E.coli 250 ml negative
Coliform bacteria 250 ml negative
Fecal streptococci 250 ml negative
Pseudomonas aeruginosa 250 ml negative
Sulfite reducing 50 ml negative

sporeforming anaerobes

Schedule 1 — Physico-chemical evaluation of Bovilla water

Parameters Measurement Unit Normal Untreated water of | Treated water of
Bovilla Bovilla

Water temperature °C 8-15 11.7 10.93
Smell / taste Normal Acceptable Normal Normal
Concentration of H* ions pH unit 6.5-8.5 8.15 7.89
Turbidity FTU (NTU) <1.0 431 0.18
Electrical conductivity us/cm 20 °C 2500 280 340
The total alkalinity mg/l CaCOs 144.5 144.5
Total hardness 0 German 10-20 7.92 7.92
Free residual chlorine mg/l Cl; 0.5 - 0.76
Dissolved oxygen mg/l O >8 8.70 10.50
Organic substances KMNO4 mg/l O, 5 1.07 0.55
Calcium mg/l Ca 200 38.20 38.16
Chlorides mg/l CI 250 6.02 12.76
Sulphates mg/l SO4 = 250 24.90 25.10
Ammonia mg/l NH4+ 0.1 0.03 0.00
Nitrites mg/l NOy 0.5 0.01 0.00
Nitrates mg/l NOs 50 0.94 0.96
Phosphates ug/l P20s - 48.96 20.60
Sulfides pg/l HoS - 8.54 0.00
Aluminium mg/l Al 3* 0.2 0.015 0.010
Iron ug/l Fe 200 47.7 0.00

Drinking water plant Bovilla - Tirana, chemical water analysis (CMD .Nr 379

Data from monthly averages in Schedule 1 note that untreated water of Bovilla stands
for the highest content of nitrite; all seasons, at 7-14 °C temperature ranges, features which is
very acceptable especially in the hot summer season. The data of Schedule 2 and 3 shows that
Lajthiza water has contents higher carbonates, of ammonium and organic matter during the
hottest months, which when crossing the technological process of infiltration, all these
indicators move on rates allowed standard.

Details of the above statements (Schedule 1, 2 and 3) indicate that:

T - The water temperature in the two measurements performed on two sources: Bovilla-
Lajthiza ranging in T = 7.73 - 16.5 °C, this indicator is within the norm (norm 8-15 to 20 0C).
pH of groundwater monitoring sources ranging: Lajthiza water from 7.1-7.4 to 7.89 - 8.15 of
Bovilla water. The rate allowed for drinking water this indicator is within the norm: (pH = 6.5-
8.5). Changes in two sources varies: 0.03 to 0.07 . Normal pH has Lajthiza water based on the
final results.
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Fp - Total Hardness Fp in water Lajthiza ranging 3.36 - 6.27 ® German, while Bovilla
water ranging in 7.92-8 ° German. The water is within drinking water standard (optimal rate is
10-20 ° Germany, where the maximum allowed content is 25 ° German).

Ca - The content of calcium in Lajthiza water ranging 17.04 — 34.13 mg/l, while in
Bovilla water content of Ca ranging in 38.16 - 38.20 mg/l. Boville water remains after
processing of higher amounts of Ca, compared with Lajthiza water.

Schedule 2 — Lajthiza water in May, June and July

Parameters Measuremen Norma Filter Filter Final product
t Unit DEPOT 1 mm 0.2mm
Water temperature °C 8-15 14.6 135 135 135
Smell / taste Normal Acceptabl Normal Normal Normal Normal
Concentration of H* ions pH Unit 6.5?8.5 7.3 7.2 7.2 7.4
TAS - - 60 70 60 60
Total Hardness 0 German 10-20 5.36° 4.42° 4.39° 6.27 © Water
Water Water Water
Calcium mg/l Ca 200 42.1 38.2 29.7 16.7
Chlorides mg/l CI 250 14.07 13.6 12.9 1.1
Sulphates mg/l SO4 = 250 12.6 11.38 9.5 9.5
Ammonia mg/l NHa+ 0.1 0.0089 0.00 0.00 0.00
Nitrite mg/l NO2 0.5 0.0016 0.001 0.00 0.000
Nitrate mg/l NOs™ 50 0.98 0.86 0.67 0.60
Magnesium mg/l mg 125 2.43 243 243 2.9
Hydrogen carbonate mg/l HCO3z 57
carbonate mg/l COz* - 85.4 73.2 71.3 3
Iron pg/l Fe 200 38,5 23.6 0.00 0.00
Organic substances KMnO4 5 066 036 0.12 0.01
Phosphates ng/l P20s - 48.97 13.60 0.045 0.04
Sulfides ng/l HoS - 8.54 0.006 0.0055 0.005
Aluminum mg/l AR 0.2 0.016 0.040 0.0055 0.005

Fe - The content of iron in two sources is: 38.5 - 0.00 pg/l Fe in Lajthiza water, and
47.7-0 png/l Fe in Bovilla water. The final content is slightly above the recommended rate in the
second stage of monitoring.

NHa - In the first stage of obtaining water from the water source of Lajthiza the ammonia
content is 0.01 mg/l; content is below the max allowed: 0.05 mg / I. In the second post-
processing phase the content of NH4 is 0.00 mg / I. In the first phase the content of ammonia
NHa in Bovilla water is 0.015 mg/l, while the ammonia content after production is 0.011 mg/l,
above the recommended content.
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Schedule 3 - Lajthiza water in December, January and February

Parameters Measurem Norma Filter Filter 0.2 Final product
ent Unit DEPOT 1 mm mm
Water temperature °C 8-15 5-12 12.5 12.8 13.6
Smell / taste Normal Acceptable Normal Normal Normal Normal
Concentration of H* ions pH Unit 6.5-9.5 7.1 7.06 7.09 7.1
TAS - - 60 70 60 60
Total Hardness 0 German 10-20 3.36° 3.36° 3.36° 5.32 O Water
Water Water Water
Calcium mg/l Ca 200 36.2 33,04 29.1 16.8
Chloride mg/I CI 250 12.05 12.05 12.05 1.0
Sulphate mg/l SO, % 250 11.62 10.37 0.00 7.9
Ammonia mg/l NH4+ 0.1 0.0074 0.00 0.00 0.0
Nitrite mg/l NOy 0.5 0.0015 0.001 0.00 0.0
Nitrates mg/l NO3z 50 0.98 0.86 0.67 2.7
Magnesium ng/l HoS 125 2.83 2.76 2.43 3.0
Bicarbonate mg/l AI%* - 75.4 68.2 88.3 3
Hydrogen carbonate 59
Iron ng/l Fe 200 37,5 21.7 0.00 0.00
Organic substances KMnO4 5 066 036 0.12 0.12
Phosphates ng/l P20s - 48.97 13.60 0.05 0.04
Sulfides pg/l HaS - 8.54 0.006 0.006 0.005
Aluminum mg/l Al 3* 0.2 0.016 0.040 0.016 0.005

Cl - The content of chlorine in Lajthiza water is 0.00 mg/l. In Bovilla water the content
of CI" ranging from 6.02 - 12.76 mg/Il. CI" content is much higher than in Lajthiza water.

SO4 - The content of sulfates in Lajthiza water after processing reaches in 9.5 mg/l. In
Bovilla water the content of sulphate is 24.9 mg/l. Sulphate content is within the recommended
standard.

NOg - Nitrate content in Lajthiza water is small and varies between 0.98-2.7 mg/l. In Boville
water the nitrates content varies between 0.94-0.96 mg/l. NOz content is within the
recommended standard.

Analysis for microelements: Ni, Mn, Zn, Pb, Cu, Co, Cr.Cd. In this analysis has
microelements content in two stages of monitoring: Ni = 0.005 - 0.002 mg/l, Mn = 0 -
0.001mg/l, Zn = 0.002 - 0.007 mg/l, Pb = 0 - 0.03 mg/l, Cu = 0.005 - 0.001 mg/l, Co = 0.007 -
0.04 mg/l, Cr = 0.045 — 0.000 mg/l, Cd =0 - 0.001 mg/I.

CONCLUSIONS

Based on physical-chemical indicators in general result that those waters are suitable to
be used for consumption. On the basis of studies conducted (Schedule_1, 2 and 3), referring to
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the physical and chemical indicators, it turns out that the source country waters Lajthiza are
suitable to be used for children.

During the study two sources of origin of the natural mineral waters of the country,
Bovilla and Lajthiza, was met comparative evaluation between indicators of Marketing (TSM),
bottled water (UAA) and the origin (UBA). Referring indicators environment (pH) of Lajthiza
water, we can say that they have a pH value within EU norms which are 6.5 - 8.5, while refer
to the content of salts, residue that dry, they have a content ranging from 120-220 mg/I (standard
referred to 0-1500 mg/l). The exception is Bovilla water here,, where the salt content reaches
upto 960 mg /1.

Another indicator of good quality of water Lajthiza is the indicator of strength. In
general, natural mineral waters of our country have a low hardness, ranging from 6-11 German
hardness grade, where the standard rate is 8-15 German hardness degrees. As such, they can be
considered as water with low hardness. As such, they can be considered as water with low
hardness. In the geological context, our waters are generally natural mineral water in the
limestone cliffs descent, as it is the source of Lajthiza. So, in waters originating from limestone
rocks and limestone-dolomite are rich in ion Ca*?, S042 while those with volcanic origins are
rich in ion Mg*? and HCO372.

The study conducted shows that in general there is an alignment between marketing
indicators (label) and the packaged and fountain. Physico-chemical characteristics,
microbiological and generally they are within standards.
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ABSTRACT

The problem of antimicrobial resistance, which maintains its importance throughout the world, has
once again attracted attention with its resistance to Escherichia coli isolates isolated from humans
and animals. Colistin is the most effective antibiotic against carbapenem resistant Gram-negative
bacteria. While the use of colistin was limited for veterinary treatment, colistin resistant Gram-
negative bacteria were found at high rates in animal isolates. In humans, the use of colistin has been
limited due to the impairment of renal function, which is now frequently used in the treatment of
infections caused by multiple antibiotic resistant Gram-negative bacteria. The development of
plasmid-mediated resistance provided by the mobilized colistin resistance (mcr-1) gene has further
increased the importance of colistin, while the resistance of the colistin is thought to cause only
long-term chromosomal mutations. Since the introduction of the mcr-1 gene in China in 2015, this
gene has been identified in a variety of bacterial strains isolated from animals, animal food products,
humans, and environmental samples. In this review, up-to-date information on the resistance of the
colistin will be given.

Keywords: E. coli, mcr, Colistin, Antimicrobial resistance

INTRODUCTION

Recent years of metagenomic and genomic studies have revealed that antibiotic resistance genes
are common. New and highly different genetic resistance genes can be identified in human, animal,
agricultural land (animal faeces, soil, water and waste water systems etc.). The antibiotic resistance
genes obtained from metagenomic libraries of human, chicken, pig, gull and cattle stool specimens
were different from those described previously. The transferable colistin resistance gene is also
defined in this way. The emergence of this resistance gene may be an important risk factor for the
use of colistin in animals for treatment or prophylaxis. For this reason, there is a significant tendency
to limit the use of colistin in animal production worldwide (Sun et al., 2017).

Colistin, also known as Polymyxin E, is an antibiotic of the polymyxin group produced by the
Paenibacillus polymyxa bacterium. Polymyxin E is a polycationic peptide having both hydrophilic
and lipophilic sites. The cationic regions interact with the bacterial lipopolysaccharide (LPS) layer
in the outer cell membrane, which changes magnesium and calcium ions. Colistin is used topically
in human medicine. However, it has been widely used in clinical medicine in previous years. Since
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colistin causes significant nephrotoxicity, its use is limited (Caniaux et al., 2017). In recent years,
it has been used as the last choice in the treatment of Gram-negative bacteria such as Acinetobacter
baumannii, Pseudomonas aeruginosa and Klebsiella pneumoniae with multiple antibiotic
resistance (Sun et al., 2017).

Colistin has been used as a feed additive in the Asian and European countries, as well as for
treatment and prophylactic purposes. Although approved by the FDA in the United States, it is not
used in farm animals. It has been used as animal feed additive for body weight gain in livestock in
Asian countries such as China, India, Japan and Vietnam (Kempf et al., 2016). It is frequently used
in the treatment of infections in pigs and especially cattle in veterinary medicine. In Europe, it has
been used to treat infections, which is caused by Enterobacteriaceae, of pigs, chickens, cattle, sheep
and goats (Catry et al., 2015).

In recent years, the use of colistin is limited because of causing kidney toxicity in humans. It has
begun to be resumed as a last opportunity in the treatment of carbapenem resistant bacteria recently.
It is used effectively in the treatment of infections caused by bacteria such as P. aeruginosa,
Escherichia coli and Klebsiella spp. It is also preferred in the prophylactic treatment of patients
with respiratory tract infections and intensive care units (Caniaux et al., 2017).

Colistin resistance and recent emergence of mcr genes

Common use of colistin in food animals has been recognized as an important risk factor for the
emergence and transmission of the plasmid-mediated colistin resistant gene mcr-1. Particularly in
China, the use of colistin intensively in animal production may have brought to fruition of this
resistance. Therefore, it has been proposed to reconsider and regulate the use of colistin in animal
production (Rhouma et al., 2016). Brazil and China have forbidden the use of colistin as a feed
additive seven months after the discovery of the mcr-1 gene (Walsh and Wu, 2016, Sun et al., 2017).

Although classical resistance to colistin is rare, the SENTRY antimicrobial surveillance program
identified the presence of a plasmid-mediated colistin resistance mechanism involving the mcr-1
gene E. coli and K. pneumoniae between 2014 and 2015. mcr-1 gene has been isolated from animal,
human, and environmental samples (Liu et al., 2016), subsequently, its genetic variants (mcr-2,
mcr-3, mcr-4 and mcr-5) were identified. This plasmid-mediated gene has caused horizontal
migration of the colistin resistance. The increase and spread of this resistance among bacteria in the
Enterobacteriaceae family has reinforced worries (Xavier et al., 2016; Yang et al., 2017; Yin et al.,
2017, Bardet et al., 2017).

Recent epidemiological studies of resistance to colistin have shown that mcr-1 positive
Enterobacteriaceae isolates are quite common worldwide in various animal hosts. Liu et al. (2016),
first reported 21% and 15% mcr-1 isolation in E. coli from pigs and raw meat in China. Also, the
1611 E. coli strains isolated from chickens between 1970 and 2014 were detected as only three mcr-
1 positive isolates (Shen et al., 2016)., 4438 E. coli isolates, which was isolated animal origin foods
were investigated for colistin resistance gene mcr-1 in another study conducted in China. Colistin
resistance was detected in 16.8% of the E. coli isolates obtained from pigs and chickens in the years
2013-2014. It was found to be higher than those isolated in years 2007-2008 (5.5%) and 2010-2011
(12.4%) (Huang et al., 2017). In other studies, conducted in China, mcr-1 positivity was found that
10.8% (10/93) of E. coli isolates producing Shiga toxin (Bai et al., 2016), 23.0% of carbapenem
resistant E. coli isolates isolated from poultry (Wang et al., 2017), 5.11% of E. coli strains isolated
from chickens (Yang et al., 2017).

High mcr-1 positive E. coli was found in animal and food origin isolates, especially in turkeys
(10.7%) and chickens (5.6%) in Germany (Irrgang et al., 2016). High colistin-resistance (45%) and
mcr-1 positive (13%) E. coli were reported in pig isolates in Japan (Kusumoto et al., 2016). In
another study conducted in Japan, however, the ratio of colistin-resistant (1%) and mcr-1 positive
(0.02%) E. coli strains isolated from healthy animals was found to be low (Suzuki et al., 2016). In
Vietnam, high mcr-1 ratio (59.4%) was detected in stool specimens taken from chickens. This
suggests that colistin is associated with the emergence and spread of mcr-1 bearing bacteria because
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of widespread use in poultry production (Trung et al., 2017). Although the mcr-1 positivity in E.
coli in Korea is low (0.1%), it has been determined that the prevalence of mcr-1 has increased since
2013 (Lim et al., 2016).

mcr-1 positivity was reported in pigs and animal origin foods in the USA by 0.35% and 0.1%,
respectively. The most interesting finding in this study is the detection of two mcr-1 positive E. coli
isolates from pigs. Because, colistin was not used as a treatment or feed additive in animals in the
USA (Meinersmann et al., 2017). mcr-1 positive E. coli isolates have been identified in South
America since 2012. In Brazil, isolates of chickens (5%) and pigs (1.8%) were reported to carry the
mcr-1 gene, although some of them are colistin-sensitive (Fernandes et al., 2016). In Venezuela,
two E. coli isolates isolated from pigs were found to be mcr-1 positive (Delgado-Blas et al., 2016).

In South Africa, colistin resistant avian-pathogenic E. coli isolates increased from 4.5% in 2008-
2014 to 13.6% in 2015 (Perreten et al., 2016). Only one E. coli isolate isolated from cattle in Egypt
was found to be mcr-1 positive (Khalifa et al., 2016).

It has been reported that mcr-1 carrying E. coli and K. pneumoniae which is isolated from blood,
urine samples of patients, and that all strains are expanded spectrum B-lactamase producing bacteria
(Liuetal., 2016; Du et al., 2016). Colistin resistance, which can be transferred in NDM-1 producing
carbapenem resistant Enterobacteriaceae strains, was found to be 10% in the United Kingdom. In
Italy, the K. pneumoniae isolates had a colistin resistance of 57%, and the majority of these mcr-1
strains had a low minimum inhibitory concentration (MIC) value (4 pg/ mL) (Caniaux et al., 2017).
Among the enterobacterial isolates isolated from urinary tract infections in Switzerland, the mcr-1
gene was found to be low (Liassine et al., 2016), also Enterobacteriae which is isolated bacteraemia
of the mcr-1 gene was not detected (Nordmann et al., 2016a).

329 Enterobacteriaceae isolates for mcr-1 and mcr-2 genes has investigated by Sari et al., (2017)
in Turkey, and found that the isolates did not carry these gene regions. Similarly, Guducuoglu et al.
(2018) investigated mcr-1, mcr-2, and mcr-3 genes in carbapenem-resistant Gram-negative
bacteria, indicating that isolates do not carry these gene regions.

In addition to the mcr-1 gene, plasmid-mediated colistin resistance mcr-2, which is 76.7%
similar to this gene, was detected in E. coli isolates from bovine and porcine origin in Belgium
(Xavier et al., 2016). Its prevalence was found to be higher (20%) than the isolates carrying the
mcr-1 gene (13%). This gene was not detected in other studies of Germany and Switzerland where
it was investigated (Roschanski et al., 2017; Buess et al., 2017). mcr-3, which is a 45% nucleotide
analogue to the mcr-1 gene and 47% nucleotide analogue to the mcr-2 gene, is another colistin
resistant gene was identified in porcine E. coli isolates in China (Yin et al., 2017). Fukuda et al.
(2018) reported that mcr-3 positivity of 8.3% in isolates of 120 isolates from pigs. One of the
carbapenem-resistant E. coli, which is isolated from cattle, in Spain was found to carry both mcr-1
and mcr-3 genes (Hernandez et al., 2017; Kluytmans, 2017). mcr-4 gene, which is initially detected
in Salmonella enterica serovar Typhimurium strain of a pig in Italy, and later also followed in three
E. coli isolates is described by Carattoli et al. (2017) and Teo et al. (2018). Borowiak et al. (2017)
identified mcr-5 gene as a novel phosphoethanolamine transferase gene in Salmonella Paratyphi B
dTa+ isolate 13-SA01718 with whole genome sequencing. This gene region was also identified in
E. coli isolates from pigs in subsequent studies (Fukuda et al., 2018; Hammerl et al., 2018).

Epidemiological studies on the emergence of mcr-1 mediated colistin and mcr-like genes in
animals show that it is a selective agent of the use of colistin in food animals and contributes to the
emergence and transmission of mcr-1. Colistin is not absorbed in the gastrointestinal tract of
animals (Rhouma et al., 2016). Therefore, the accumulation of colistin or its metabolites in faeces
may significantly increase the colistin-resistant, mcr carrying bacteria in agricultural ecosystems.
Some studies also have shown that international trade in animal commerce or exotic animals, such
as reptiles, is a significant influence on the spread of mcr-1 mediated colistin resistance (Grami et
al., 2016; Unger et al., 2017).
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Detection Methods in Clinical Laboratory of mcr Resistance E. coli

Tests used to determine colistin resistance can be grouped as phenotypic and genotypic.
Phenotypic tests reveal the presence of colistin resistance in Enterobacteriaceae and
nonfermentative Gram-negative bacteria. All molecular tests have been designed to identify the
mcr-1 gene and other variants, regardless of phenotypic colistin resistance especially in the
Enterobacteriaceae, (Caniaux et al., 2017, Osei Sekyere, 2018).

Chromogenic media (CHROMagar COL-APSE, SuperPolymyxin™ and LBJMR etc.) have
been developed to identify polymyxin-resistant Enterobacteriaceae or Gram negative non-
fermentative bacteria from environmental factors as well as clinical samples such as stools and
blood. SuperPolymyxin™ has been shown to have 100% sensitivity and specificity. In particular,
it can detect polymyxin resistance both direct isolates and clinical specimens such as feces or rectal
swabs. Such mediums allow rapid and easy identification of the colistin resistance bacteriae. It has
an important place in prevalence studies both human and veterinary medicine (Caniaux et al., 2017,
Osei Sekyere, 2018).

Disk diffusion test and E-test are inadequate to detect colistin resistance after evaluation by
European Committee on Antimicrobial Susceptibility Testing (EUCAST). Currently, only a broth
microdilution method (BMD) is recommended as a reliable test for to detection of colistin
resistance, although it is laborious and time-consuming (Caniaux et al., 2017, Osei Sekyere, 2018).
EUCAST has determined the clinical cut-off limits of the colistin for Enterobacteriaceae,
Pseudomonas aeruginosa and Acinetobacter spp. as sensitive <2mg/I, resistant >2mg/l (EUCAST,
2018). Clinical and Laboratory Standards Institute (CLSI) has determined the clinical cut-off limits
for Pseudomonas aeruginosa and Acinetobacter spp. (susceptible <2mg/l, intermediate = 4mg/1,
and resistant >8mg/1) (CLSI, 2017). In addition, CLSI has determined 2 mg/L epidemiological cut-
off values for Escherichia coli, Klebsiella pneumoniae, Raoultella ornithinolytica, Enterobacter
aerogenes and Enterobacter cloacae from the wild-type and other isolates (Chew et al., 2017,
Vasoo, 2017).

Rapid diagnostic kits and automation systems have been developed by different companies to
identify the colistin resistance. The sensitivity and specificity of these tests and automation systems
are shown in Table 1 (Caniaux et al., 2017; Osei Sekyere, 2018).

Real-time PCR, multiplex PCR (mPCR), CT103XL microarray and loop-mediated amplification
(LAMP) assays have been used to identify mcr genes in culture, clinical and stool samples (Caniaux
etal., 2017; Osei Sekyere, 2018)

Table 1. Tests of identify mcr genes and colistin-resistant Gram-negative bacteria*

Diagnostics Species Sen(sé)l/t)l)v Ity Spe(%l/f)l)uty References

Screening and culture-based methods

(BBrf\)/tlrE)r)mcrodllutlon Enterobacteriaceae 71.4-81.0 NS Chew et al., 2017

CHROMagar COL- Enterobacteriaceae, Gram- .

APSE negative non-fermenters 100 100 Abdul Momin et al., 2017

LBJMR media Enterpb acteriaceae, Gram- 100 100 Bardet et al., 2017
negative non-fermenters

MIC Test strip® Enterobacteriaceae,

(MTS) P. aeuginosa, Acinetobacter NS NS Matuschek et al., 2018

(Liofilchem, Italy) spp.

MICRONAUT MIC-

Strip® Enterobacteriaceae,

(MERLIN P. aeuginosa, Acinetobacter NS NS Matuschek et al., 2018

Diagnostika Gmbh, spp.

Germany)
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Se_ns1_TestTMCohstm Enterpbacterlaceae; Gram- NS NS Esposito et al., 2017
(Liofilchem, Italy) negative non-fermenters
. Enterobacteriaceae, Gram- Carretto et al., 2018;
™ ! - ! !
SuperPolymyxin negative non-fermenters 86.0 - 100.0 100.0 Matuschek et al., 2018
UMIC (Biocentric Enterobacteriaceae, Abdul Momin et al., 2017;
France) ’ P. aeuginosa, Acinetobacter NS NS Bardet et al., 2017; Nordmann
spp., Gram-negative bacilli etal., (2016a,b)
Automated commercial MIC testing platforms
MICRONAUT-S .
(MERLIN Enterob_acterlacea_\e,
Diagnostika Gmbh, P. aeuginosa, Acinetobacter NS NS Matuschek et al., 2018
spp.
Germany)
. Enterobacteriaceae, Chew et al., 2017;
MicroScan Gram-negative bacilli 100 NS Jayol et al. 2018
BD Phoenix/ Phoenix
100™ (Becton Enterobacteriaceae; Gram- 91 87k NS Jayol et al., 2017a; Jayol et al.,
Dickinson negative non-fermenters ' 2017b; Carretto et al., 2018
Diagnostics, USA)
Sensititre™ Enterobacteriaceae, P. Chew et al., 2017; Jayol et al.,
(ThermoFisher aeuginosa, Acinetobacter 95.2-100 NS 2018;
Diagnostics) spp., Gram-negative bacilli Matuschek et al., 2018
Vitek 2 (BioMerieux) | Enterobacteriaceae 95.2 NS Chew et al., 2017
Molecular methods
Imirzalioglu et al., 2017; Jayol
etal., 2017a; Jayol et al., 2017b;
Conventional PCR Enterobacteriaceae 100.0 100.0 Bernasconi et al., 2017;
Esposito et al., 2017; Abdul
Momin et al., 2017
Multiplex PCR Enterobacteriaceae 100.0 100.0 Osel Sekyearle ' 3812 Rebelo et
Real-time PCR Enterobacteriaceae and 100.0 100.0 Nijhuis et al., 2016
non-fermenters
Whole-genome Bernasconi et al., 2017;
s uencgin Enterobacteriaceae 100.0 100.0 Imirzalioglu et al., 2017;
g g Rebelo et al., 2018

* This table has summarized from the studying of Osei Sekyere, (2018); NS: Not specified.

CONCLUSIONS

The identification of colistin-resistant genes is important to understand the development and
molecular basis of the colistin resistance and to contend with this resistance. The discovery of new
resistance genes by effective molecular assays will provide us with more accurate and precise
information as it will improve the described mechanisms.

Nowadays, there is a worldwide trend to limit or even ban the use of colistin in animal
production. Clearly, limiting the use of colistin is expected to greatly reduce selective pressures and
thus control the plasmid-mediated colistin resistance. However, limiting or prohibiting colistin in
animal production will not fully solve this important problem. Because the problem of antibiotic
resistance is complex and can be affected by many different causes. Despite the fact that mcr-1
positive E. coli isolates have been identified in the USA, it has been shown that colistin resistance
may be affected by external factors. A comprehensive examination of these non-colistin factors will
provide effective strategies and preventive measures to reduce the colistin resistance in the animal
production system worldwide. Due to the diversity and complexity of the mechanisms associated
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with polymyxin resistance, it is highly difficult to develop innovative, accurate and rapid tests that
are clinically important. Simultaneous detection of carbapenem resistance should be considered to
make the researches on colistin resistance clinically more useful.
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Abstract

Wine production techniques and agronomic practices influence the flavors and bouquet of white
wines. Various studies have shown that these factors influence the content of phenolic
compounds that are essentially responsible for the taste and aroma of wine. The purpose of this
study is to investigate the influence of vinification tecniques in dynamic changes of phenolic
compounds in white wines produced in two differente vintages. For this study, was taken a
autochthonous white grape, Puléz, cultivated in Berat area. For the production of wines were
followed two different vinification schemes (fermentation with and without skins). Prior to
fermentation, the must was macerated at 5°C for 24 hours. Saccharomyces bayanus BC
commercial yeast was used for both fermentations. Every three days the phenolic compounds
of wines were analyzed by spectrophotometric methods, such as the index of polyphenols,
flavonoids and color parameters. The obtaned data were subject to ANOVA statistical analysis.
The obtained results shows that vinification techniques gives a higher values in the index of
polyphenols, flavonoids and color parameters with a significant difference with P < 0.05 Test
Tukey. While different vintages have not significant differences in polyphenolic components.
Based on the results of this study, we conclude that the application of two vinification
techniques influences the increase of these constituents especially when vinification is carried
out in the presence of the skin.

Keywords: White wine, Fermentation, Polyphenols, Flavonoids.

INTRODUCTION

Phenolic compounds are important constituents of white wine that can affect its stability and
color. Many phenolic compounds in white wine derive from grapes; and specific phenolic
compounds are found in different concentrations in different grape tissues (pulp, membrane and
seeds) (Nordestgaard, 2011; Silva et al., 2005; Ivanova et al., 2012). It is generally accepted
that these compounds are of great importance for the varietal character of a wine (Ugliano et
al., 2006, Zafrilla et al., 2003; Gil-Mufioz et al., 1999). For these reasons, the application of
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various grape processing techniques, especially the method by which the juice extracted, may
affect the phenolic profile of white wines.

The process of fermentation with skins for a variable time, with the purpose of extracting
poliphenols, stimulates the increasing of their quantity that improves the body and the flavor of
white wine (Olejar et al., 2015; Olejar et al., 2016; Ramos et al., 1999).

Nowadays, the interest in phenolic compounds has been increased mainly due to their different
chemical structure and biological activity in the prevention of same chronic or severe diseases
(Soto Hernandes et al., 2017; Miti¢ et al., 2010). Many studies have shown that phenolic
compounds in wine may have the potential to naturally prevent same major diseases such as
cancer, cardiovascular and neurodegenerative diseases such as Parkinson and Alzheimer's, this
is also one of the reasons for applying new vinification techniques to in order to increase the
quantity of these ingredients in white wine (Aguilera et al., 2016; Osterbauer et al., 2005).

In recent years, different versions of fermentation with skins in white wine have been studied
to obtain wines of interesting and distinct types (Olejar et al., 2016, Cadota et al., 2012). Such
technologies have been proved successful in obtaining complex flavors and aromas, potential
increased antioxidant phenolic activity, and improved maturation and stability (Aleixandre-
Tudo et al., 2015; Lomolino et al., 2010).

The main purpose of this study is to evaluate the dynamics of changes at the content of
polyphenols, flavonoids and colors during fermentation (with and without skins) of Puléz
variety (Vitis vinifera L.) in two different vintages. The presence of skins during fermentation
will increase the extraction of polyphenols in white wine, so the study of these phenolic
parameters is of great importance as it will contribute to the evaluation and application of new
production techniques of white wine.

MATERIALS AND METHODS
Vinification

A grape variety (Vitis vinifera L.) were obtained to carry out this study, Puléz (from Berat
area) in two different vintages 2015 and 2016, harvested at optimal ripeness and conditions
within the quality parameters according to Table 1. These samples were transported to the Food
Research Center of Biotechnology and Food Faculty.

The amount of grape taken in this study was 100 kg in each vintage, which was split into two
50 kg lots. The experiments carried out in this study were in two schemes of fermentations,
with (Puléz 2) and without (Puléz 1) skins. The experimental tests were treated with a dose of
5g/hl SOz and placed in cold maceration for 24h at 5°C. After cold maceration, Puléz 1
(fermentation without skins) of both vintage was pressed. The obtained juice was added 2 g/hl
of pectolytic enzyme for better rendering and left for static decantation (48h at 5°C). Subsequent
withdrawal of the juice from the lees and inoculation of 20 g/hl of S. bayanus BC yeast and
fermented at controlled temperature of 14-18°C for 12 days.

The other experimental test of Puléz 2 (fermentation with skins) of both vintages after the
maceration was left at rest until it reached room temperature. The juice was inoculated with 20
g/hl dry yeast S. bayanus BC and fermentation was done with skins until its completion (12
days). Fermentation performance was checked every day (% of sugar and temperature) and
every three days samples were taken for analysis of total polyphenols index, total flavonoids
content and color intensity. Samples prior to analysis were centrifuged to remove solid
suspensions.
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Determination of total poliphenols index (TPI).

The total polyphenols index was determined by Ceto, it is a spectrophotometric method.
Samples were diluted and the absorbance was measured at 280 nm, characteristic of benzoic
acid present in all polyphenols (Cet6 et al., 2012).

Determination of total flavonoid contents (TF).

The total flavonoid content was determined by spectrophotometric method (Zhishen et al.,
1999). This method based on the formation of complex flavonoid-aluminum. At 510 nm was
measured the absorbance. The concentration of the total flavonoid compounds in the wines was
expressed as catechin equivalent (mg/L). The samples were analyzed in triplicate.

Determination of color intensity.

Chromatic characteristics of the wines were determined by spectrophotometric method. The
color intensity was calculated as the absorbance measured at 420 nm. The color intensity
assessment refers to the numerical value determination of the white wine chromatic
characteristics (Beccheti, 1999).

Statistical analysis

Samples were analyzed in triplicate. The analysis of the ANOVA has been carried out to
study the effect of each of the treatments on the content of the total polyphenol index, total
flavonoids and color intensity of the white wine studied. To establish differences between
means, the Tukey Test (P < 0.05) was applied. The Statistix program, Version 9.0 (Analytical
Software) has been used.

RESULTS

During this study, an autochthonous variety Puléz (from the Berat area) was taken in
consideration in two different vintages 2015 and 2016. We have work with two different
fermentation schemes with and without skins, for the extraction of polyphenols in white wine.
The quality parameters of the grape used (Puléz variety) are shown in the following table:

Table 1. Quality parameters of grape var. Puléz in two different vintages (2015-2016)

Variety Sugar Total Acidity pH
°Brix (g/L tartaric acid)
Puléz (Berat 2015) 22.09+0.012 3.62+0.01 3.3+0.02
Puléz (Berat 2016) 21.19 +0.00 4.89+0.03 3.46 £ 0.05
a—Mean + SD

As can be seen, from the table 1, in vintage 2016, the maturity indicator is slightly lower than
in vintage 2015, this is seen in the lowest sugar content and the highest content of total acidity
and pH. This change is due to climatic conditions in the two years.

Total Polyphenols Index

Evolution of the total polyphenol index (TPI) values is shown in Table 2. As can be seen
from the table the value of the TPI during both vintages is doubled in fermentation with skins.
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Table 2. Extraction of polyphenols during the fermentation performance with and without
skins, in two different vintages (2015-2016) for Puléz grape variety.

Variety

Vintage

Days of Fermentation

Total Polyphenol Index

Puléz 1*

2015

10.27 £ 0.532
19.25+£0.67
13.37+£0.45
13.05+0.78
14.45+1.59

Puléz 2*

2015

10.27 £ 0.53
14.65+2.29
27.35+0.5
32.63+0.5
28.80+ 0.5

Puléz 1

2016

495+1.22
591+0.11
6.95+0.05
3.35+0.13
481=+0.11

Puléz 2

2016

= = = =
KRoowollowowolowo wolowo wo

495+1.22
8.15+0.04
9.33+£0.05
9.93 £0.06
11.86 £ 0.02

1- without skins, 2 — with skins, a — Mean + SD

Thus, the maximum value of TPI during 2015 in fermentation without skins is 14.45 while in
fermentation with skins this value increases to 28.8. During 2016 the maximum values of TPI
in fermentation without skins is 4.81, whereas in fermentation with skins this value increases

to 11.86.

TPI UV/VIS

Figure 1. Performance of the TPI of white wine from Puléz grape variety in fermentation
with and without skins during two different vintages 2015 — 2016 (Tukey Test, P < 0.05).

Total Poliphenols Index

Vintage 2016
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From the statistical analysis Anova factor design was found that the fermentation scheme with
skins generally represented a significant difference of P <0.05 for both vintages. This difference
for the total polyphenol index is shown in Figure 1.

Total Flavonoids

The table below shows the values of the total flavonoid (TF) content during the white wine
fermentation process for two vintages. From the table it is noted that the flavonoids content is
doubled in fermentations with skins, for both vintages.

Table 3. Extraction of total flavonoids during fermentation performance with and without
skins in two differences vintage (2015-2016) for Puléz grape variety.

Variety Vintage Days of Fermentation Total Flavonoids
(mg/L)
261.87 +£2.528
171.02 £ 0.55
179.68 +4.46
24548 £2.76
243.17 £3.82
261.87£2.25
229.56 £4.52
453.90 £8.18
602.83 +£0.29
591.80 +9.12
32.83+3.02
26.80 £ 1.06
18.06 +2.48
30.76 + 0.82
38.21 +1.81

32.88 £3.02
65.09+2.41
97.95+1.04
89.76 £2.76
12 109.73 £2.35

1- without skins, 2 — with skins, a — Mean + SD

Puléz 1* 2015

Puléz 2* 2015

Puléz 1 2016

Puléz 2 2016

= = =
cowolowowollowowo|owo wo

Thus, in vintage 2015 the value of TF in fermentation without skins is 243.17 and in
fermentation with skins this value increases to 591.80. In vintage 2016 the value of TF in
fermentation without skins is 38.21 and in fermentation with skins this value increases to
109.73.

Fermentation with the skins for both vintages showed that there was a higher significant impact
with a P < 0:05 as also shown in Figure 2.

Meanwhile, during fermentation with and without skin, the intensity of the color does not differ
much from one another, which means that fermentation in the presence of the skins does not
stimulate the oxidation of wine.
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Vintage 2016

Figure 2. Performance of the TF of white wine from Puléz grape variety in fermentation with
and without skins during two different vintages 2015 — 2016 (Tukey Test, P <0.5)

Color Intensity

The data in Table 4 show that the intensity of color at the end of the fermentation decreases in
all the experiments carried out in two vintages.

Table 4. Extraction of color index during fermentation performance with and without skins in
two differences vintage (2015-2016) for Puléz grape variety.

Variety Vintage Days of Fermentation Color Intensity
Puléz 1* 2015 1.39+£0.012
0.41 +£0.01
0.27+0.01
0.12+0.01
0.11 £0.01
1.39+0.01
0.41+0.01
0.27+0.00
0.27 £0.00
0.21£0.00
0.20+0.01
0.25+0.01
0.38+0.01
0.20 +0.01
0.29 +0.01
0.20+0.01
0.29+0.01
0.43 +0.01
0.16 +0.01
0.27+0.01

Puléz 2* 2014

Puléz 1 2016

Puléz 2 2016

= = = =
Sowowollowowolowo wolowowo

1- without skins, 2 — with skins, a — Mean + SD
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Color Intensity

A
" With skin

Color Intensity UV-VIS

/9 Without skin
Vintage 2015
Vintage 2016

Figure 3. Performance of the Color Intensity of white wine from Puléz grape variety in
fermentation with and without skins during two different vintages 2015 — 2016 (Tukey Test, P
<0.5)

Fermentation with the skins and without the skins according to statistical analysis of the design
factor Anova and Tukey Test had no significative impact on this parameter but during tow
vintages we have the significative difference (Figure 3). During 2015 the wine was more

colored than 2016.

Table 5. Explanation of percentage variability of total polyphenols index, flavonoids and
color intensity during fermentation performance with and without skins for grape varieties
taken in two different vintages.

Total Polyphenol Index | Total Flavonoids | Color Intensity
Fermentation 26.14* 18.51* 0.50NS
Vintage 96.31*** 70.14%** 86.60NS
Fermentation x Vantage 3.16NS 6.32NS 1.71NS
Error 1.39 5.04 11.19

NS- not Significant, *** P <0.0001; * P <0.05

Table 5 shows the percentage of variability of the fermentation performance in the total
polyphenol index content, total flavonoids and color intensity. As it is noticed, the fermentation
scheme has a significant impact (P < 0.05) on these components.

DISCUSSION

In white wine vinification, skin contact treatment is a process often applied to increase the
wine’s varietal character (Peinado et al., 2004; Selli et al., 2003). The organoleptic property of
white and red wines comes as a result of phenolic compounds (Robichaud et al., 1990, Vidal et
al., 2004). White wines in contrast to red wines are characterized by a low intensity aroma and
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flavor. Chemical composition of grapes and respectively of the produced wines is complex and
diverse. The concentration of this component depends on the variety, soil and climatic
conditions, the applied growing practices, maturity and the winemaking technology (Fang et
al., 2008, Ramos et al., 1999, Gil-Muifoz et al., 1999, Garcia-Falcon et al., 2007).

Regarding the results obtained from this study, the application of two fermentation schemes
indented from different vintages shows significant differences between them P < 0.05. The
content of the total polyphenols index doubled the values when the fermentation occurred with
the presence of the skin. The increase in this parameter at the end of the fermentation for white
wine is in line with the ones realized by Lukic et al. (2017). This increase is due to the presence
of skins during alcoholic fermentation by extracting these components from skins and seeds
(Cadota et al., 2012). It was also noted that the impact of climate conditions from one year to
the next presented significant difference (P < 0.05) in the content of total polyphenols,
considering that in this study the origin and variety are the same. The vintage 2016 showed the
lowest values in this parameter, however, during the use of fermentation with skins the amount
of polyphenols total increased.

Flavonoids are the main compounds responsible for organoleptic properties (Alcalde-Eon et
al., 2014). In this study, it was also noted that the white wines produced by vinification with
presence of the skins represented content of flavonoids significantly higher for both the vintages
(2015 - 2016). During fermentation with skins the increase in the content of total flavonoids in
wine comes due to the extraction of these constituents from the presence of skins and seeds
during fermentation. These results are similar to those achieved by Lukic et al. (2017).

Colour is generally the first organoleptic property of the wine that is perceived by consumers
and it is, therefore, responsible for the consumers’ first opinion on a given wine (Alcalde-Eon
et al., 2014). Colour may condition the perception of the aroma, taste or mouthfeel properties
of a wine (Morrot et al., 2001, Osterbauer et al., 2005). Moreover, the color is considered one
of the parameters that evaluate the oxidative stability of the wine (Beccheti, 1999). According
to the results of this study, the wines produced in 2015 were more intense than those obtained
in 2016; these values were within the established limits (Beccheti, 1999). The increase in color
intensity is due to the extraction of the pigments found in the skin of the fruit during the
fermentation with the skin. The conservation of these pigments by oxidation was not the result
of the addition of SO, since the doses of SO for both fermentations were the same, but it is
assumed by the extraction of the phenols found in the grapes.

Use of the new schemes vinification in order to improve the quality of the wines, especially
white wines is a necessary and important process for producing wines with high organoleptic
quality. From the results of this study it is possible to evaluate and the importance of both
oenological practices to improve the quality of white wine in relation to climate changes that
may occur during one vintage to the other. Based on the vinification type, the fermentation with
skin showed an increase in the values of components responsible for aromas and flavor in white
wines. It has been observed that the increase of the levels of these compounds was more
noticeable when the levels are lower. In addition, the use of these technological schemes can
affect the increase in the amount of flavonoids in white wine, which can be useful from the
phenolic point of view, and can improve the wine in terms of astringency and bitterness,
especially when the wine is it produces from grapes that have not reached optimum maturity.

CONCLUSIONS
From this study, we conclude that the use of new fermentation schemes for white wines,
fermenting with the presence of skins, promotes the growth of polyphenol and flavonoid

contents. Increasing the content of phenolic components using fermentation with skin will
improve the quality of the wine produced from unripe grapes. The information obtained in this
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work about polyphenols component might be useful for nutritional studies to understand the
bioactive effect of this wine in the human health. Fermentation with skin affect the organoleptic
evaluation, because increase the components that is responsible for astringency, bitterness and
color of white wine. Fermentation with skins results with significant impact on the content of
phenolic components that are responsible and for the sensory characteristics of wines.
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ABSTRACT

Recently, natural and synthetic polymeric biomaterials, as well as their composites, have found
wide applications in regenerative medicine and tissue engineering due to their favorable
chemical, physical, and biological properties such as biocompatibility, biodegradability, and
non-toxicity. In this study, natural polymers; chitosan and gum Arabic were combined with
polyvinyl alcohol (PVA), which is a biocompatible and biodegradable synthetic polymer, and
nanosphere based nanocomposite films were fabricated through electrospraying technique. The
morphological observations, determination of the average diameter and diameter distribution
of nanospheres were conducted by scanning electron microscopy (SEM). The possible chemical
interactions between the components and the existence of relevant functional groups were
characterized with Fourier transform infrared spectroscopy (FTIR). Thermal degradation
behavior of the nanocomposite film was investigated through thermogravimetric analysis
(TGA).

Keywords: PVA, Gum Arabic, Chitosan, Biomaterials, Electrospraying, Nanocomposite,
Nanosphere

INTRODUCTION

Natural polymers such as polysaccharides and proteins have a long history of biomedical
applications, such as tissue engineering, wound dressings, and drug delivery systems, because
of their unique properties like biocompatibility, biodegradability, and similarity to natural
extracellular matrix. Composite materials, consisting of both synthetic and naturally occurring
polymers, can also be developed for biomedical applications by cross-linking or blending the
natural macromolecules with biodegradable and biocompatible synthetic polymers to enhance
the chemical and mechanical stability (Hussain et al., 2016; Tan et al., 2015; Mogosanu et al.,
2014).

Nano-scaled materials such as nanospheres and nanofibers mimic the natural extracellular
matrix and regarded as potential materials for applications in nanomedicine field which
combines nanotechnology and medicine. High-voltage electrostatic technology, an
environmentally friendly technique, can be used to manufacture nanospheres and nanofibers
simultaneously. When the products are nanospheres, the technique is known as
“electrospraying”. On the other hand, when the products are nanofibers, the technique is known
as “electrospinning” (Madhumathi et al., 2010; Tracy et al., 2016; Chen et al., 2018).
Chitosan, known for its absorption of exudes, anti-fungal, antimicrobial, anti-viral and wound
healing properties, is a linear polycationic polysaccharide (Kim et al., 2011; Behera et al.,
2017). The cationic structure of chitosan promotes electrostatic interaction with anionic groups
(Ibekwe et al., 2017). Gum Arabic is an inexpensive, hydrophilic, nontoxic, biocompatible and
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totally biodegradable polymer, and also a weak polyelectrolyte that carries anionic groups
(Barik et al., 2015). PVA is a hydrophilic, nontoxic, biocompatible, and fully degradable
synthetic polymer (Wang et al., 2011). The present study deals with the production and
characterization of chitosan/gum Arabic/PVA nanocomposite films to combine the
advantageous properties of these biopolymers by electrospraying technique.

MATERIAL AND METHODS

Materials

Glacial acetic acid and gum Arabic (Acacia Senegal) were purchased from Sigma-Aldrich
Chemical Co. Chitosan (20 kDa, deacetylation degree 75%) was purchased from Santa Cruz.
Ethanol (> 99.9 %) and PVA (MW = 30,000, fully hydrolized) were purchased from Merck.

Preparation of the nanocomposite film by electrospraying

0.25 g of chitosan was added in 5 mL of 1% (v/v) acetic acid solution and stirred
continuously at 30°C for 12 hours. Gum Arabic was dissolved in 2.5 mL of deionized water
under constant stirring at room temperature for 12 hours. After complete dissolution, the
prepared solutions were combined and stirred at ambient temperature for further 12 hours. 1 g
of PVA was added gradually in deionized water and stirred at 80 °C overnight. The combined
chitosan and gum Arabic solution was added in 10 mL of aqueous PVA (10%, w/v) solution
and stirred overnight at ambient temperature. The resulting clear gel was taken into a plastic
syringe which has a 0.3 mm diameter metallic capillary tip.
The electrospraying system involves a syringe pump, a high voltage power supply, and a rotary
drum collector. Rotational and axial speeds of the rotary drum collector can be controlled by a
software. One electrode of the high voltage power supply was connected to the metallic
capillary tip and the other connected to the rotary drum collector, used as the ground. The rotary
drum collector was covered with an aluminum foil substrate. Rotational and axial speed of the
rotary drum collector were 180 rpm and 1 mm/min, respectively. The composite solution,
flowing at a flow rate of 1.5 mL/h, was subjected to a potential difference of 18 kV through the
electrodes which are 10 cm apart. By the effect of the electrical field, the composite solution
was moved to the collector as very small droplets, solvent was evaporated and a nanocomposite
film consisting of nanospheres was obtained.

Structural and thermal analysis of the nanocomposite film

Analyses of the functional groups and possible chemical interactions between the
constituents of the nanocomposite film were conducted by a Thermo Scientific/Nicolet 1S10
spectrometer with a FTIR-attenuated total reflectance (FTIR-ATR) attachment. The film
sample was dried at 40°C in a vacuum oven for 24 hours prior to the analysis.
A Perkin EImer/STA6000 thermogravimetric analyzer was used for the analysis of the thermal
degradation behavior of the nanocomposite film. Percentage mass loss of the sample as a
function of temperature were recorded. The sample was heated from 30°C to 600°C at a heating
rate of 120°C/min under nitrogen atmosphere.

Morphological analysis of the nanocomposite film

Morphological study of the nanocomposite film was conducted through a Carl Zeiss/Supra
40VP scanning electron microscope with an accelerating voltage of 5 kV. The film sample was
sputter coated with gold/palladium alloy before SEM analysis. Diameter distribution of the
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nanospheres were studied on an image analysis software by choosing 300 nanospheres at
10000X magnification and presented by a histogram.

RESULTS AND DISCUSSION

Structural analysis by FTIR

FTIR spectrum of the nanocomposite film, shown in Figure 1, was used to indicate the
possible chemical interactions between the polymers and the existence of relevant functional
groups. The broad band, seen at 3271 cm™1 is due to the characteristic absorption band of
hydrogen bonded hydroxyl groups. N—-H symmetrical vibration of chitosan which is expected
to be seen between 3300-3500 cm™® must have been masked by the broad O-H absorption band.
This attributed to the overlapped NH2 and -OH group stretching vibrations (Daoub et al., 2016;
Hussain et al., 2016; AbdElhady et al., 2012). The absorption peak, seen at 2910 cm™ is
assigned to the vibrational modes of C-H groups (Fernandes et al., 2014). The peak, appeared
at 1409 cm is assigned to O-H in-plane bending of carboxylic acid groups. The peak, observed
at 1561 cm™ is attributed to symmetric deformation of -NH3* which might be formed by
ionization of the primary amine groups (—NHz) of chitosan by the anionic groups of the other
polymers.

Figure 1. FTIR spectrum of the nanocomposite film

Analysis of thermal degradation behavior by TGA

The TGA curve of the nanocomposite film is presented in Figure 2. Based on Figure 2, the
nanocomposite film is degraded thermally by three steps: water loss, major decomposition of
polymer backbones, and degradation of the byproducts. The last step, take place between 350
600°C, is arising from the degradation of the byproducts of PVA, formed during its thermal
degradation (Choo et al., 2016; Bozorgi et al., 2018). First degradation step, starting at about
100 °C is arising from the loss of adsorbed water to the polysaccharide structures. The second
step between 200-350°C, being the major decomposition step with a weight loss percentage of
69%, is due to the backbone decomposition of the polymers.
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Figure 2. TGA curve of the nanocomposite film

Morphological study of the nanocomposite film by SEM

The SEM micrograph at 10000X magnification and the diameter distribution histogram of
the nanocomposite film are presented in Figure 3(a, b). SEM observations demonstrated that
the produced film consists of variable sized nanospheres. In addition, interconnected nanofibers
which may be formed by the elongation of PVA through the effect of the applied electrical
field, were present at a few regions. Diameter distribution histogram of the nanocomposite films
revealed that 65% of the nanospheres are in the range of 200-550 nm and the average diameter
was deermined as 583 nm.

Figure 3. (a) SEM micrograph at 10000X magnification and (b) Diameter distribution histogram of the
nanocomposite film

CONCLUSIONS

A ternary nanocomposite film, consisting of PVA, chitosan, and gum Arabic was developed
in this study. FTIR spectrum of the nanocomposite film showed that there are ionic interactions
among the native polymers. In addition, it was observed that the nanocomposite film exhibits
only one major decomposition temperature (Tonset), @S shown in the TGA curve of the
nanocomposite film. These results indicate the compability of chitosan and gum Arabic, as the
natural polysaccharides and PVA, being a synthetic polymer. The nanosphere based
nanocomposite film, developed in this study, can be investigated for their potential use in drug
release and wound healing applications in further studies.

Acknowledgement: The authors acknowledge Mr. Metin CAM, electrical engineer in
Department of Electrical and Electronics Engineering, Anadolu University, for his valuable
efforts and technical suggestions in constructing the electrospraying system.
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ABSTRACT

Olive oil is used throughout the world, especially in regions around the Mediterranean Sea.
Oils help to improve the taste, color and quality of the food, so it plays an important role in
health and in life. The main goal of this work is to study the dependence of viscosity of olive
oil on temperature, since is a fundamental characteristic property of all liquids. The dynamic
viscosity of olive oil was experimentally determined as a function of temperature (20 to 60°C).
Several physicochemical and rheological characteristics of olive oil were investigated. The
studied parameters were: density, moisture content, pH, free acidity, electrical conductivity,
dynamic viscosity and kinematic viscosity. The viscosity of olive oil was represented as a
function of temperature by using two, three and multi-constant proposed mathematical models.
The evaluations of the models were done by the correlation coefficient, percentage of average
absolute deviation and standard deviation of the data.

Keywords: Olive oil, Mathematical models, Density, Viscosity.

INTRODUCTION

Olive oil, produced at a level of around 2.6 millions tones (Spain, Greece, Italy, Turkey,
Syria, Tunisia and other), has a long history going back to pre-biblical times. It is produced and
consumed mainly in Mediterranean countries, but demand is increasing in other countries in
Northern Europe and in the US as a consequence of strong marketing of this oil. Olive oil is
considered to be an essential ingredient of the healthy Mediterranean life style (Gunstone,
2002). Albania has been and continues to be a typically “agrarian” country, in which over 50
% of population lives and works in the rural areas, and which has as its major activity the
agricultural sector, in which roughly 75-80 % of work’ days are spent on farm (Leksinaj,
2008). The main olive growing regions include: i) the lonic region, along the Southern
Coastline, which accounts for 38.4% of the country’s olive production, 28.5% of total olive
groves and 28.8% of total olive trees; ii) the Adriatic region, along the Western Coastline, which
accounts for roughly half of the country’s olive production, total olive groves and total olive
trees; iii) the Near-Adriatic region which accounts for 14.9% of the country’s olive production,
16% of total olive groves and 20.3% of total olive trees; and iv) the Interior region, the
production of which is minimal except for some areas where the microclimate allows for olive
cultivation (FAO, 2008). In the year 2017 was produced 107.830 tons olives, increased with
8.9 % compared with the previous year. The highest level of olives production was achived in
the prefectures of Berat with 32.410 tonnes, following by prefectures of Fier with 29.648 tonnes
and Vlora with 14.881 tonnes (Instat, 2018). The olive oil sector is an important segment of
Albanian primary production and agro industry. Main production areas of olives for olive oil
are Fier, Vlora and the area between Elbasan and Tirana. In these areas, 90% to 95% of cultivars
are for olive oil production. Olive oil industry can be divided in four main clusters, namely:
small localized oil mills, small modern producers; medium-sized processors, and industrial
producers and bottlers. Demand of olive oil and table olives is increasing, in parallel with
revenues growth and urbanization (Leonetti et al., 2009). Viscosity is one of the most important
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physical properties of a liquid system; the change of viscosity is linked to physicochemical oil
properties (Fasinaand Colley, 2008). This parameter can changes under temperature, pressure,
and concentration influence, and all these changes can be modeled by some theorical equations
(Ramakrishna et al., 1987). The dynamic viscosity of olive oil was experimentally determined
as a function of temperature (20 to 60°C). The variation of the viscosity of olive oil with the
temperature is analyzed applying the two, three and multi constant equations. The correlation
coefficient for all the models obtained from the non-linear regression procedure was greater
than 0.99.

MATERIAL AND METHOD

Olive oil is the oil obtained solely from the fruit of the olive tree, to the exclusion of oil
obtained using solvents or re-esterification processes and of any mixture with oils of other
kinds. Olive oil available in Albanian market was characterized for physicochemical and
rheological properties. For this purpose we choose the olive oil from southern areas, because
this is one of the main olive growing region. All oil sample were stored at room temperature
(around 20°C) and in a dark place before analysis. The density and viscosity of olive oil were
experimentally determined as a function of temperature (20-60°C). Physicochemical and
rheological characteristics of olive oil were analyzed: density, moisture content, pH, free
acidity, electrical conductivity, dynamic viscosity and kinematic viscosity. The moisture was
calculated by sample weight loss at 105°C for a period of 24 h. The pH measurement of olive
oil was obtained with a pH meter (PHS-3CW Microprocessor pH Meter) was calibrated with
standard solutions buffered. Also we measured the electric conductivity with DDS-120W
Microprocessor Conductivity Meter. The free oil acidity, a known weight of olive oil was
dissolved in a mixture of diethyl ether/ethanol (1:1 v/v). The mixture was titrated with
potassium hydroxide in methanol (0.05M), in the presence of phenolphthalein as indicator.
Viscosity and temperature of olive oil samples were measured using the Digital Viscometer
Model NDJ-5S with accuracy £1%. The SP-1 spindle was operated at 60 rpm. In addition to
the dynamic viscosity and density, kinematic viscosity by the formula was also determined. The
Digital Viscometer gives indications for out of range operations when % (Torque) readings are
< 20% or > 90%. The Electric model L-81 was used to increase the temperature of the oil
samples to a specific temperature. All values were below the limits, were within the range
established by European Guidelines. The dependence of the oil viscosities to temperature was
modeled using two, three and multi constant equations. Equation 1 include the Arrhenius model,
Law Power model and  Natarajan model (two constant equations) that is commonly used to
model temperature dependence of a property (Clements C. et al., 2006; Natarajan G. et al,
1989).

Ea
ﬂzluoo,T exp(RTj luz A(T _Tref)B /u:ATB (1)

Where p is the dynamic viscosity in mPa.s, pe 1 IS the viscosity at infinite-temperature in
mPa.s, Ea is the exponential constant that is known as activation energy (J/mol); R is the gas
constant (J/mol.K) and T is the absolute temperature Kelvin, T is reference temperature of
273.15 C. Multi-constant formula known as Abramovic (three constant) and Clements (four
constant) models that are represented in the following equations (Abramovic et al. 1998;
Clements et al. 1992):

B C B C C
Lnu=A+—+— Lnu=A+—+—+— 2
H T T2 H T -|-2 Ts ()
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Where p is the dynamic viscosity in mPa.s, T is the temperature in Kelvin. A, B and C are
constants. The relationship between density and temperature can be expressed mathematically,
while density decreases linearly with increasing temperature, is presented in equation 3
(Rodenbush et al., 1999):

p=a+b-T 3)
Where p is the density in g /cm®, T is the temperature in C, a and b are constants.

According to Rodenbush et al., the dependence between density and viscosity can be
expressed as illustrated (Rodenbush et al., 1999):

E
p:D_'_F (4)

Office Excel 2016 software was used to carry out the effect of temperature on dynamic
viscosity of olive oil by different mathematical models. The percentage of average absolute
deviation of the olive oil at different temperatures together with standard deviations was
obtained.

RESULTS AND DISCCUSION

The olive oil quality and behavior can be influenced by the cultivars, the degree of ripeness,
the industrial processes extraction, and environmental conditions (Bento et al., 2002). Several
physicochemical and rheological characteristics of olive oil were investigated. The
physicochemical characteristics: density, moisture content, pH, free acidity, electrical
conductivity, were determined following the analytical methods described in Regulation
EEC/2568/91, amended (Commission Regulation, 1991). All parameters were determined in
triplicate for each sample. By comparing our experimental data with standard value, we can see
that they are roughly the same, with very little difference. This may come as a result of many
factors that affect the quality of the oil and therefore the experimental results. Factors can be
numerous, but we can mention the area of seed origin, storage conditions and stages of
production of the final product. The density values of olive oil samples of southern region of
crop 2017 was measured at 20°C and found to be 0.9179 g/cm?®. Moisture of olive oil sample
was 0.2%. pH and electric conductivity of olive oil sample were 4.1 and 0.045 mS, at 20°C,
respectively. The value of electrical conductivity obtained indicates that olive oil is truly an
insulator as compared to other liquid insulators. Meaning is highly resistive to flow of electric
charge. Also transformers or machines oil, coolants etc using olive oil as dielectric will last
longer. Olive oil can be said to be very bad conductor of electricity (Ushie et al., 2014). A free
acidity value and acid number of olive oil were 0.62% and 1.23. The acidity expresses the
percentage content (in weight) of the free fatty acids in the oil under examination. The free oil
acidity is a direct measure of the quality of the oil, thus reflects the condition from blossoming
fruit and olive oil production. Setting a free oil acidity level lower than 0.8% can provide a
useful standard to ensure that growers provide high quality undamaged fruit that is not harvested
too late. The dynamic viscosity and kinematic viscosity values of olive oil sample of southern
region were measured at 20°C and found to be 68.4 mPa.s and 74.51 mm?/s. Our value of
dynamic viscosity of olive oil at 20°C is in good agreement with other researcher. The viscosity
influences by the wax content and composition, which is affected by cultivar, crop year and
processing (Boskou, 2006).
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Dynamic viscosity dependence of temperature and fitting of model to experimental data

The dependence of the oil viscosities to temperature was modeled using Equations 1-2.
Equation 1 includes the Arrhenius model, Law Power model and Natarajan model (two constant
equations). Equation 2 includes Abramovic and Clements models (three and four constant
equations). The experimental data of olive oil, for dynamic viscosity (Pa.s) fitting by Arrhenius
model is shown in Figure 1. The values of the estimated constants for Arrheniua Equation,
correlation coefficients, percentage of average absolute deviation and standard deviation are
given in Table 1, respectively.
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Figure 1. Effect of temperature on dynamic viscosity of olive oil by Arrhenius equation

The value of activation energy of the analyzed olive oil was 22.89 kJ/mol, which describe
the sensitivity of viscosity to temperature changes. The correlation coefficient (R?) for
Arrhenius model was under value 0.99. The mean absolute percentage error was 5.87, below
10%, but standard deviation was higher than 10%. The experimental data of olive oil, for
dynamic viscosity (Pa.s) fitting by Law Power model is shown in Figure 2. The values of the
estimated constants for by Law Power Equation, correlation coefficients, percentage of average
absolute deviation and standard deviation are given in Table 1, respectively.
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Figure 2. Effect of temperature on dynamic viscosity of olive oil by Law Power model

Figure 3 shows the olive oil p (Pa.s) dependence of the temperature (K) and the fitting of the
Natarajan model to experimental data (Equation 1). Table 1, resumes the results of Natarajan
parameters, correlation coefficient, percentage of average absolute deviation and standard
deviation
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Figure 3. Effect of temperature on dynamic viscosity of olive oil by Natarajan model

Figure 4 shows the olive oil In p (Pa.s) versus (1/T) and the fitting of the Abramovic and
Clements models to experimental data (Equation 2). Table 1 resumes the results of Abramovic
and Clementes parameters, correlation coefficient, percentage of average absolute deviation
and standard deviation.
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Figure 4. Effect of temperature on dynamic viscosity of olive oil by (a) Abramovic
and (b) Clements models

The percentage of average absolute deviation (AADP) and standard deviation were (SD)
computed and used to compare the goodness of fit of the equations to experimental data. An
equation with lower SD values gives a better fit to experimental data compared to an equation
with higher SD values.
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Table 1. Two, three, multi-constant values, Temperature range, R?, AADP and SD of models
studied

Matrkrl]%rggtlcal A B C D |Temperature Range| R? |AADP| SD
0.005| 2755 293 -333K 0.988 | 5.88 |13.97
Two constant | 1606 | -1.04 20-60 C 0.987 | 1.23 |15.69
3E+23| -8.8 293 - 333 K 0.984 | 0.53 |14.46
Three constant | 20.35 | -13235 | 2E+06 0.0034 - 0.0030 (1/K)| 0.999 | 0.11 | 0.39
Four constant (131.73|-11760 | 4E+0.7 3E;09 0.0034 - 0.0030 (1/K)|0.999 - 1| 0.05 | 0.38

Arrhenius, Law Power and Natarajan models (two constant equations) were not the best fit
of dynamic viscosity of olive oil sample, because the percentage of average absolute deviation
and standard deviation gives very high value. The correlation coefficients for Arrhenius and
Natarajan models were under 0.99. According to the experimental data three and four constant
equations are more suitable to describe the dependence of dynamic viscosity from temperature
of olive oil sample. The R? values for olive oil were above 0.99, indicating experimental data
fell on straight lines. All of the standard deviations were very low, which means that the
viscosity values obtained were very stable.

The dependence of density and kinematic viscosity according temperature for olive oil

The kinematic viscosity can be calculated from the dynamic viscosity and the density.
Because both, density and viscosity are highly temperature sensitive; it is possible to see the
dependence between them. Furthermore, the density - viscosity dependence was analyzed,
showing that a good estimation of the viscosity can be obtained from the measure of the density,
which is a simple and time effective process (Esteban et al., 2012). Density of olive oil at
different temperatures ranges of 0.9179 to 0.9307 g/cm®. According to Rodenbush et al., when
dealing with vegetable oils the dependence between density and viscosity can be expressed as
illustrated in Equation (4). Kinematic viscosity of olive oil at different density ranges of 0.1158
to 0.2008 mm/s?. The R? for both dependence obtained was greater than 0.99. The values of the
estimated constants are shown in each equation, set in the graph.
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Figure 5. Effect of temperature on density of olive oil
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Figure 6. Effect of temperature on kinematic viscosity of olive oil
CONCLUSIONS

In this study the experimental results depend on oil nature and can be used as a way of
characterizing the oil quality. The dynamic viscosity versus temperature of olive oil was
measured and described by mathematical models. The correlation coefficient for all the models
obtained from the non-linear regression procedure was greater than 0.95. However,
comparisons of the correlation coefficient and percentage of average absolute deviation indicate
that the temperature dependence of viscosity for the olive oil sample was best described by the
Clements model. The results show that the experimental values of olive oil studied were
comparable with the published values at the same temperatures.
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ABSTRACT

Downy mildew/Plasmopara halstedii Farl. Berlese et de Toni is distributed in all the world
where sunflower is produced. In Bulgaria, the pathogen is very important for sunflower
production. Increasingly, scientists report the emergence of new, more aggressive races of the
pathogen or return to "old". According to others, these races show resistance to the fungicides
currently used. This requires annual research on the distribution range and diversity of the
disease. Such surveys provide valuable information for both selection and practice - for zoning
of varieties and hybrids. As a result of the study, three races of Plasmopara halstedii were
isolated - 700, 731 and race 307. Their spread and attack rate are closely related to both the
climatic conditions of the year and their resistance of varieties and hybrids cultivated in
practice. It is particularly worrying that a "new" race was established in the DZI selection fields.
After the test, it turned out to be a race 307 or a return to old races of the 300-group pathogen.

Key words: Plasmopara halstedii, Races, Distribution

INTRODUCTION

Downy mildew / Plasmopara halstedii Farl Berlese et de Toni is spread throughout the
world where sunflower is grown. In Bulgaria, the pathogen is of great economic importance for
the cultivation and zoning of sunflower as the main oil-bearing crop (Shindrova P 1998, 2000,
2005, Shindrova, 2006,). To a lesser extent, it is also important for the selection process aimed
at creating sustainable hybrids. Gulyia T., 2007 reported that at least 35 races of the pathogen
have been identified in the world that make the problem solving quite difficult. For a long time
in our country there were races 700 and 731. Their distribution was largely due to the climatic
conditions in the country and to the resistanc of cultivars and hybrids cultivated in practice.
More and more researchers report the emergence of new aggressive races of pathogen
(Tourvieill de Laborouhe D. et al., 2000; 2010) or the return of the "old". According to others,
these races show resistance to the currently used fungicides (Viranyi, F. and T.Gulyia 1996).
One of the most effective methods to solve this problem is the use of sustainable varieties and
hybrids of sunflower. This is achieved with a purposeful selection work. For this purpose,
annual research tours are carried out in all country to establish distribution and races diversity
of the pathogen. These studies provide valuable information on both the selection process and
the practice - for the proper zoning of varieties and sunflower hybrids.
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MATERIALS AND METHODS

In order to determine the race variability of sunflower downy mildew in the major
sunflower production regions in Bulgaria, field expeditions for collecting isolates of
Plasmopara halstedii were organized in 2016 and 2017. Leaves from systemically infected
plants were collected and used as inoculum. During the period of investigations, the inoculum
used originated from: north-eastern, north-western, central-northern, central southern and
central western (Table 1 and 2).

The inoculum collected from the above regions was used to infect the differential set lines
applying the standard methodology Gulia et al. (1991).

For identification of the races on downy mildew was used the new nomenclature system
with nine lines. These were grouped as follows:

- First group - HA-304 (D-1), Rha-265(D-2), Rha-274 (D-3)

- Second group - DM-2 (D-4), PM-17 (D-5) u 803-1 (D-6)

- Third group - HAR-4 (D-7), HAR-5 (D-8) u HA-335 (D-9).
The race was identified on the basis of the response of the lines from each group (Tourvieill de
Laborouhe et al. 2000).

The study was conducted in the phytopathological laboratory of the Dobrudzha Agricultural
Institute under controlled conditions.

RESULTS AND DISCUSSION

During the first year of the investigation nine plant samples were collected and processed.
The result from this investigation showed that only 2 races (pathotypes) were isolated — 700
and 731. Race 700 is established only in Northeastern Bulgaria (DZI, Staro Oryahovo and
Brashlyan), while race 731 is established throughout the country (DZI / Dobrich / infection
field, Kardam / Dobrich, Staro Oryahovo / Varna, Brashlyan / Rousse, Silanovtsi / Vratsa,
Pleven, Radnevo, lvailo / Pazardzhik and Sliven. Plasmopara halstedii is a pathogen which in
our conditions does not exhibit a great variety of races. This could be due to the resistance of
varieties and hybrids cultivated in practice and to the climatic conditions of the country.

Table 1. Distribution and race composition of (Plasmopara halstedii Farl. Berlese et de Toni)
in sunflower during 2016

Ne | Location Region Race

1 DZI/Dobrich/infection field North-eastern Bulgaria 700; 731
2 Kardam/Dobrich North-eastern Bulgaria 731

3 Staro Oryahovo/Varna North-eastern Bulgaria 700

4 Brashlyan/Russe North-eastern Bulgaria 700; 731
5 Silanovtzy/Vratza North-western Bulgaria 731

6 Pleven Central- north Bulgaria 731

7 Radnevo Central southern Bulgaria 731

8 Ivailo/Pazardzhik Central southern Bulgaria 731

9 Sliven Central western Bulgaria 731
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When testing the samples collected in 2017 three races of the manna were registered -
700, 731 and race 307. The date in tabl.2 show that the following year a “new” race was found
identified as a race 307. It was isolated from samples with origin from the region of DAI from
breeding fields and materials from international exchange. One of the explanations for the
occurrence of the new race in this very location can be the high breeding pressure on the
pathogen, because in the breeding fields resistant genotypes are predominantly grown.

On the other hand, this may have been due to the intensive international exchange of
breeding materials, which makes possible the transfer of the fungus, mainly through infected
seeds, plant residues or soil particles.

Table 2. Distribution and race composition of Plasmopara halstedii Farl. Berlese et de Toni
in sunflower during 2017

Ne Location Region Race

1 DZI/Dobrich/infection field North-eastern Bulgaria 700; 731
2 DZI/Dobrich/breeding field North-eastern Bulgaria 307

3 Tervel/Dobrich North-eastern Bulgaria 731

4 Brashlyan/Russe North-eastern Bulgaria 700; 731
5 Silanovtzy/Vratza North-western Bulgaria 731

6 Nova Zagora Central southern Bulgaria 731

7 Radnevo Central southern Bulgaria 731

8 Stoil voivoda/Sliven Central western Bulgaria 731

9 Sliven Central western Bulgaria 731

Race 700 is established in two places in Northeastern Bulgaria - (DZI - Gen.Toshevo and
Brashlyan /Russe). In the rest of the region, race 731 was spread. It is particularly worrying that
a "new" race was established in the DZI selection fields. After the test, it turned out to be a race
307 or areturn to old races of the 300 group pathogen. This type of study is done to identify the
most widespread and aggressive race of the pathogen. The next step is to identify sources and
donors of sustainability. This is possible only on the basis of rich genetic diversity and
purposeful selection work.

CONCLUSIONS

In the period 2016 - 2017 three races of the pathogen - 700, 731 and 307 were established
in the territory of the Republic of Bulgaria. The most common race is 731, which is registered
in all sunflower regions of northern and southern Bulgaria. Sustainable race diversity in
Plasmopara halstedii during the period 2016-2017 is the result of a uniform crop structure and
the use of resistance hybrids.
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ABSTRACT

Mycotoxins are toxic secondary compounds synthesized by certain fungal species that can grow
in a variety of foods under specific conditions. In addition to animal products such as meat,
milk and eggs, mycotoxins enter the food chain via cereal-based foods, which can accumulate
in different organs or tissues. In particular, the main chemical structure of mycotoxins that
undergo various metabolic changes in originated foods varies considerably. Mycotoxin
derivatives, which cannot be detected by conventional analytical techniques as the structure
changes in the plant, are described as "modified mycotoxin". Although the natural formation of
modified mycotoxins has been shown in food and animal feed for a long time, there are not
enough directives, regulations and recommendations for food and feed considering these
modified species. In addition, little is known about the toxicity of these modified mycotoxins.
In fact, the lack of analytical standards and reference materials has complicated their definition
and partly limits the progress of research in this area. All of these effects can cause the modified
mycotoxin components in food and feed to be taken into account. Given all these factors, the
monitoring of the presence of these potentially dangerous metabolites is seen as an important
activity in terms of food safety and provision of human/animal health. In this study, the
definition of modified mycotoxins, their presence in food, possible damages and methods of
protection and control have been examined in the light of current literature information.

Keywords: Mycotoxin, Hazard, Modified, Food safety

INTRODUCTION

Mycotoxins are toxic secondary compounds that can be synthesized under specific
conditions by some fungal species which develop in a variety of food. The most common
mycotoxins produced mainly by Aspergillus, Fusarium, Penicillium and Alternaria fungi are:
aflatoxins; ochratoxin a (OTA); patulin; citrinin, trichothecenes: deoxynivalenol (DON), T2
toxin (T2) and HT2 toxin (HT2); fumonisins and zearalenone (ZEN). Mycotoxins can occur in
the food chain due to fungal infections of plants consumed directly by humans or used as feed
in livestock. Metabolism of imported mycotoxins can lead to mycotoxin accumulation in
different organs or tissues entering the food chain via meat, milk or eggs (Accensi et al., 2006).
Mycotoxins can undergo chemical reactions such as oxidation, reduction and hydrolysis as well
as phase | and phase Il metabolism, including amino acids, sulfate groups and second
conjugation with glutathione. All these changes significantly change the chemical structure of
the main component (Righetti et al., 2016). Mycotoxin derivatives, which cannot be detected
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by conventional analytical techniques as the structure changes in the plant, are described as
"modified mycotoxin". Even though the natural formation of modified mycotoxins has been
shown in foods and animal feeds in the last ten years, there are no adequate directives,
regulations and recommendations for food and feed, taking these modified derivatives into
account. In addition, little is known about the toxicity, toxicokinetics and potential in vivo
hydrolysis of these modified mycotoxins. When modified mycotoxins enter the intestinal tract,
they are disrupted by gastric acids, small intestine enzymes or large intestinal microbial activity.
This leads to the release of free and unbound mycotoxins in the human gut and thus mycotoxin
accumulation (Marin et al., 2013; Dellafiora et al., 2016). For this reason, the release of the
modified metabolites of mycotoxins in the human intestine has led to a more comprehensive
assessment of the risk of exposure to these compounds. Modified mycotoxins such as myco-
estrogens, trichothecenes, and fumonisins can be detected in cereal-based foods and feeds by
non-conventional methods. More specifically, modified mycotoxin subspecies such as
deoxynivalenol-3-glucoside (DON-3G), zearalenone-14-glucoside (ZEN-14G), HT-2-toxin-3-
glucoside (HT-2-3G) diacetoxysirpenol (NAS-3G), mono-acetoxysirpenol-3-glucoside (MAS-
3G), neosolaniol-3-glucoside (NEO-3G) and fumonisins-esters can be determined (Boevre et
al., 2015). Toxic effects of ZEN, NIV, T2 HT2, DON and fumonosin were investigated in vivo
and in vitro. The European Food Safety Authority (EFSA) reviewed the potential effects of
modified mycotoxins on human health and called for analytical data left open until October
2014. In fact, the lack of analytical standards and reference materials has complicated their
identities and partly limits research progress in this area. All of these effects can cause to
underestimating the total content of mycotoxins in food and feeds. For this reason, the
monitoring of the presence of these potentially dangerous metabolites remains one of the main
tasks for food safety and human/animal health (Righetti et al., 2016). In this review, the
definition of modified mycotoxins, their presence in food, possible damages and methods of
protection and control will be discussed.

Modified Mycotoxins

Modified mycotoxins were first uncovered by Gareis and Bauer (1990) with the discovery
of the breakdown of zearalenon-14-glucoside (ZEN-14G) during digestion in pigs. Initially the
modified mycotoxins were expressed as non-detectable molecules by standard routine analysis.
Metabolism of mycotoxins by plants can occur in part and leads to the production of
components called modified mycotoxins. Three phases of chemical modification of these
xenobiotic compounds can be observed during plant metabolism. Phase | processing involves
reduction, oxidation or acetylation of the main mitotoxin and the emergence of a higher level
of toxicity resulting in the activation of the derivatized molecule. Phase 1l is based on the
formation of more hydrophilic compounds through the enzymatic conversion of more reactive
groups such as conjugation, glucosidation and sulfation and facilitating the elimination of
modified mycotoxins and thus the reduction of toxicity. Stage Ill involves the cleavage of
mycotoxins to root or binding to cell wall of the plant. However, mammalian and fungal
metabolites derived from mycotoxins, which can not be detected in routine analyzes, are also
other modified mycotoxins that are thermally generated during the processing of food, but
which are not produced principally by plants (Dellafiora et al., 2016). Following this
complexity, all modified mycotoxins were systematically defined in four hierarchical steps by
Rychlik and Humpf (2014). In the first step, 'free’, 'matrix related' and 'modified' mycotoxins
were distinguished. Then, the modified mycotoxins were separated into ‘biologically’ and
‘chemically’ modified derivatives. The biologically modified compounds are then distinguished
as being 'functionalized', ‘conjugated’ or 'modified differently’. At last, a distinction is made
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between the ‘plant’, 'animal’ and ‘fungal’ conjugates for biologically conjugated mycotoxins
(Table 1).

Table 1. Systematic Classification of Modified Mycotoxins by Rychlik and Humpf (2014)

Level1 | Level 2 Level 3 Level 4 Example

Free Deoxynivalenol,

mycotoxins zearalenone,
3/15-acetyl-deoxynivalenol

Matrix- Complexes, physically

related dissolved or entrapped

mycotoxins | Covalently bound
Modified Biologically modified | Functionalized (phase
mycotoxins I metabolites)

Conjugated Deoxynivalenol-3-glucoside
by plants

Conjugated Deoxynivalenol-3/8/15-

. by animals glucuronide
Conjugated (phase 11

metabolites) Conjugated Zearalenone-14-sulphate
by fungi Deepoxy-deoxynivalenol
Nordeoxynivalenol A-C
Deoxynivalenol-sulphonate,
Nordeoxynivalenol A-C

Chemically modified Different modified
Thermally formed
Non-thermally
formed

Because of all the mentioned reasons, all of mycotoxins are ignored in food and feed. For
this reason, the monitoring of the presence of these potentially dangerous metabolites has
become very important nowadays. In this frame, liquid chromatography coupled with mass
spectrometry (LC/MS) has been accepted as the gold standard for the determination of available
quantities for at least ten years (Righetti et al., 2016). In general, there are three different
approaches to the analysis of modified mycotoxins: direct and indirect determination, and also
non-targeted analysis. Direct analysis provides advantages when conventional, standardized
analytical methods are appropriate, but they should be optimized and adjusted according to their
structurally related chemical properties as compared to free mycotoxins. The major
disadvantage of the direct assay is that up to now only the reference substance is available for
the analysis of a few modified mycotoxin (e.g., DON-3-Glc). During the malting process, a
slight increase in DON3G was reported before germination despite a significant drop in DON
and ADON. However, during the drying of malt, no significant changes were observed for DON
or ADON, but variable results were reported for DON3G (Lancova et al., 2008).

Presence of Modified Mycotoxins in Foods

A limited number of studies have revealed the presence of modified mycotoxins in foods.
The products which are mainly affected in the foods are cereal-based products which are at the
initial stage of fermentation or a malt process. Studies conducted between 2010 and 2014 to
detect mycotoxins have generally focused on grains. Lattanzio and Visconti (2012) reported
decreased incidence in tricothecenes and decreased mean concentrations, also: DON3G
(55.85% pg/ kg), 15SADON (31.37% ng/ kg), 3ADON (22.15% pg / kg) and FUS-X (5.5% ug
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/ kg). They also reported that the estimated concentration ratios of HT2-G / HT-2 and T2-G /
T-2 were 27% and 24%, respectively. Also in the analyzed food, especially beer, is a grain
product which is most exposed during the processing and has been examined by many
researchers.

A limited number of studies to determine the potential presence of available information has
been summarized by the Food Standards Agency of London (2016) as shown in Table 2.
However, to our knowledge it has not been any efforts to presence of modified mycotoxins in
Turkey. The studies focused on the detection of unmodified species of mycotoxins in general.
Thus it is seen that the lack of informative data regarding the potential dangers of modified
mycotoxins in Turkey.

Table 2. Summary of modified mycotoxin forms found in different products

Food matrix n (sample) | Conjugates n (positive)

Beverage Pain / Ale 9 DON3GIc 5 (56%)
Beer 21 DON3GIc 9 (43%)

Herbs and spices 30 B-ZEL, B-ZEL14Glc, ZEN14Glc, | 5 (17%)

ZEN14Sulf

Cereal products Baby products 30 DON3GIc 3 (10%)
Grain products 25 DON3GIc 6 (24%)
Breakfast cereals | 60 DON3GIc 7 (12%)

Mechanisms of Action

In a small number of studies of metabolism on body, the exact mechanism of bioavailability
has not been established. Recent studies have identified the hydrolytic fate of D3G during in
vitro digestion. D3G was found to be resistant to hydrochloric acid, and it was thought that
mammals could not be hydrolyzed in the digestive tract. Some lactic acid bacteria located in
the intestinal flora, such as Enterococcus durans, E. mundtii or Lactobacillus plantarum, recover
the glucose from the DON, although it is not the hydrolytic effect of human cytosolic -
glucosidase. Although the potential cleavage of D3G is shown during digestion, in vivo studies
are necessary to quantitatively describe the DON release from D3G. Initial results suggest that
D3G is partially cleaved from DON associated with glucuronide in rat urine. There is little
information about the metabolism and toxicological mechanisms of trichothecenin in humans
and animals. The bioavailability of DON has been reported to be low in sheep and cows and
relatively high in pigs. Seeing whether D3G shows an increased uptake relative to DON is the
most interesting result of these studies (Berthiller et al.,, 2013). B-type trichothecene
deoxynivalenol (DON), which is mostly produced by Fusarium graminearum and F.
culmorum, is a substance frequently polluting cereal products all over the world. DON binds to
the 60S subunit of the ribosomes to exhibit their biological activity and thus inhibit protein
biosynthesis. DON also affects the transcription of pro-inflammatory genes and mRNA
stability. In animals, DON causes symptoms such as vomiting, anorexia, weight loss and
susceptibility to infectious diseases. In addition, DON affects intestinal integrity and changes
the local intestinal immune response. In humans, DON is associated with gastroenteritis attacks
(Nagl et al., 2014). Due to the wide variety of adverse health effects, DON has a significant
economic impact and is a major concern for public health. As a result, some countries have set
a maximum limit or threshold for DON in food and feed. However, masked DON forms arising
from conjugation reactions during phase Il metabolism in plants have been ignored in the legal
regimes of many countries due to the lack of toxicological data. DON is one of the most
common mycotoxins in cereal products worldwide. DON is a risk for human and animal health
due to its wide side effect effects. Recently, new information on DON metabolism has led to
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the use of the biomarker approach to assess human exposure. In some subpopulations, a
significant proportion of the individuals tested have been claimed to exceed the maximum
acceptable amount for DON. Since the modified mycotoxin deoxynivalenol-3-b-D-glucoside
(DON-3-Glc) is partially cleaved during mammalian digestion, further evaluation of DON has
been reported to further increase the total mycotoxin burden associated with exposure (Nagl et
al., 2015).

Fusarium trichothecenes can be divided into two main groups: Type A and Type B
tricothecenes Type A trichothecenes are defined by the absence of a keto (carbonyl) function
in carbon atom 8 (C-8), whereas type B trichothecenes are defined by the presence of a keto
function at C-8 It. Also types A and B can be distinguished by the presence (type B) and absence
(type A) of a hydroxyl function at C-7. The most concerning tricothecenes in wheat and barley
growing areas are DON, nivalenol (NIV) and their acetylated derivatives from B-type
tricothecenes. Within the Fusarium graminearum species complex, there are three major
trichothecene phenotypes (chemotypes), 3-3-ADON, 15-ADON and NIV. Although the strains
predominantly tend to produce 3-ADON or 15-ADON, non-acetylated trichothecene DON
frequently accumulates in wheat seed, because wheat or fungal esterases (deacetylases) remove
acetyl units from 3-ADON or 15-ADON (Alexander et al., 2011).

Various effect mechanisms for FX have been reported. In general, FX is known to induce a
ribotoxic stress response that inhibits protein and DNA synthesis in eukaryotic cells. In detail,
it causes degradation of eukaryotic poliribosomes at high concentrations in vitro. FX binds to
the ribosomes and inhibits the formation of the second peptide bond but does not inhibit
polypeptide chain initiation. Furthermore, FX stimulates the DNA strand breakage of dose-
dependent and segmented Caco-2 cells. This action is stronger than the action produced by the
metabolite NIV. Previously, FX has been reported to exhibit a poor clastogenic effect on
Chinese hamster VV79-E cells, although these mechanisms suggest that FX is genotoxic in
intestinal cells. The mechanisms of action of FX have not yet been fully understood. Further
studies are needed to elucidate this problem with various studies that need to be done (Otsubo
etal., 1972; Ueno et al., 1973; Mizuno, 1975; Aupanun et al., 2017).

FX alone showed greater toxicity in various cell types, including U-937 macrophages, HL-
60 cells, RAW 264.7 mouse macrophages, SF-9 insect cells and Caco-2 cells compared to NIV
and other type B trichothecenes (Aupanun et al., 2017). Dual combination of DON and NIV at
low concentrations exhibited synergistic toxicity in Caco-2 cells but exhibited antagonistic
effects (DON-NIV-FX) in the inverse combination (Alessane-Kpembi et al., 2013). FX is
highly toxic to organs containing actively proliferating cells. Following administration of low
dose FX (0.1, 0.3 and 0.5 mg / kg BW) in mice, it has been reported to induce lymphocyte
apoptosis in lymphoid tissues, including Peyer's patches, thymus and spleen. FX has been
reported to have a higher emetic potential than other tested mycotoxins (DON, NIV, 3-ADON
and 15-ADON) in minks (Wu et al., 2013). Administration of FX (3.5 mg/kg BW) orally to
pregnant mice in fetus brains, especially telencephalon, induced apoptosis (Sutjarit et al., 2014).
Besides such toxic effects, administration of FX (5 pg / area) alone in shaved guinea pig skin
has been reported to induce erythema and curing caused by deteriorating fibrolytes and cilium
cells (Yang et al., 2017).

In an investigation in which individual or combined toxicological effects of DON, NIV and
their mycotoxins in multiple deoxynivalenol family, such as acetyl derivatives of 3-ADON, 15-
ADON, D3G and FX deoxynivalenol, in vivo, were examined in human gastric epithelium
(GES-1) GES-1 cells, and that 3-ADON is less effective at reducing cell viability compared to
DON, while the main compounds of 15-ADON and FX in GES-1 cells are slightly stronger
than DON and NIV. In general, the ability of mycotoxins to be toxic when assessed individually
has been determined in an increasing order to 3-ADONA<15-ADON <DON <FX <NIV. It has
been observed that the synergistic cytotoxicity of DON + 15-ADON, DON + NIV and DON +

95



International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 2018

FX at low and / or moderate inhibitory concentrations (IC10-1C70, IC10-1C80 and IC10-1C40)
for the interaction types of mycotoxin mixtures are observed, respectively. It has been
determined that 15-ADON + NIV and 15-ADON + FX produce nearly complete antagonistic
cytotoxicity on the GES-1 cell model, while FX + NIV results in almost completely synergistic
cytotoxicity (Yang et al., 2017). In another study, the effects of feeding with six different diets
supplemented with DON levels increased for 45 days on the liver and gene markers of the
zebrafish were investigated. In addition to these parameters, long term effects on fertility,
juvenile larval swimming activity and global DNA methylation in embryos have been
investigated. Adult zebrafish performance was not affected by DON added diets. Liver CYP1A
MRNA levels were found to be significantly higher in fish fed with 2.0 ppm DON compared to
control, 0.1, 0.5 and 1.5 ppm groups. The gene transcripts of CuzZn, SOD and Cyclin G1
increased as the DON content in the diet increased. It was determined that fish fed with 1.5 ppm
DON had 22% higher fertility than the control group. It was observed that increased larval
swimming activity was observed in the high DON group. The results have been shown that
DON undergo detoxification in the liver via the phase 1 system and cause deterioration of the
oxidative stability. It has not been determined in this study that the effects observed in egg
production and larval swim activity arose whether due to direct interaction of DON with the
reproductive organs or oxidative imbalance of liver of the parent emerged as a secondary
(Pestka et al., 1987). In this study, the mechanism of action of modified mycotoxins in the
embryonic period cannot be fully explained.

Although mycotoxins have different toxic effects, it is a known fact that they all target the
immune system. Mycotoxins have immunostimulatory or immunosuppressive effects
depending on concentration and parameter. Modified mycotoxins, which are the products of
subsequent cleavage of these toxic components, have been reported to have a similarly
immunosuppressive effect (Petska et al., 1987; Bouhet et al., 2006). The immune system is the
defense mechanism that is primarily responsible for organisms invading the body. Because of
contaminated with mycotoxin feed intake, increased sensitivity to infectious diseases leads to
problems such as a chronic infection reoccurrence and reduced vaccine efficacy (Pierron et al.,
2016). In another study (Accensi et al., 2006), however, it was determined that the modified
mycotoxins did not cause immunosuppression.

Future Perspectives

To fully explain the exposure to modified mycotoxins, a more detailed understanding of
their occurrence is essential. This is linked to the development of analytical techniques that can
detect these compounds in various food matrices. DON3G is a well-researched compound that
clearly demonstrates the problem that can occur with high incidence of modified mycotoxins
and relatively high concentrations in cereal and cereal-based products. Because of altered
physico-chemical properties, modified mycotoxins generally behave differently when
compared to free mycotoxins. DON3G is an indicator of how the modified mycotoxin can enter
a different reaction when subjected to food processing stages compared to the free mycotoxin
DON. The effect of common household techniques such as food processing, industrial
processes, as well as boiling of rice or macaroni, can have a profound effect on the presence
and concentration of modified mycotoxins and must be extensively investigated. In industrial
processes the influence of common domestic techniques such as the processing of food, as well
as the boiling of rice or macaroni, can have a profound effect on the presence and concentration
of modified mycotoxins and must be extensively investigated. In addition to the processing of
food in industrial process, common household techniques such as boiling rice or macaroni can
have a profound effect on the presence and concentration of modified mycotoxins and should
be extensively investigated. Synthesis of chemical standards, monitoring of formation, toxicity
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assessment and toxicokinetic studies of modified forms for this area can be made. Different
control strategies have been described to prevent the growth of mycotoxigenic fungi in the pre-
harvest period to prevent the growth of mycotoxins in food, as well as different control
strategies to prevent mycotoxin contamination: use of resistant varieties before harvesting, good
agricultural practices, field management and use of chemical or biological detoxifying agents,
timely harvesting and precisely tuned equipment usage and post-harvest storage conditions,
modified atmospheres, fumigation, irradiation, use of mycotoxin modifiers. To the best of our
knowledge, however, no inhibition, detoxification or neutralization technique is specifically
described for modified mycotoxins. It is clear that necessary laws and regulations should be
made for this area.
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ABSTRACT

In this study, the presence of Salmonella spp. and specific microbiological parameters and were
investigated in 30 beef meat samples collected from markets and butcher shops. The specific
microbiological parameters were determined using a conventional cultural method and the
presence of Salmonella spp. in beef meat samples was determined using conventional and
immunomagnetic separation (IMS)-polymerase chain reaction (PCR) methods. In addition,
antimicrobial susceptibility of the isolates was revealed using the Kirby—Bauer disc diffusion
method. The results indicated that 1 of the 30 samples were positive for Salmonella spp. by the
conventional method, and 8 of the 30 were positive by the IMS-PCR method. These results
indicate a high prevalence of Salmonella spp. in beef meat samples from Erzurum city, Turkey,
and the general microbiological properties should be considered for public health. The results
also show that the IMS-PCR technique was superior to the conventional method for detecting
Salmonella in beef meat.

Keywords: Salmonella, IMS-PCR, Beef meat, Microbiological

INTRODUCTION

Meat is a widely-consumed food in world due to its unique aroma and flavor as well as
containing important nutrients such as protein, B group of vitamins and iron. It has a critical
importance for the growth and development of humans due to nutritional composition contained
(Williams, 2007). According to data of Turkish Statistical Institute, beef meat production in
Turkey was 1,149,262 in 2015 (COMCEC, 2017).

Meat is an ideal medium for the development of bacteria due to its neutral pH, rich protein
content and high-water activity. The meat, which has a highly potential for production and
consumption, is contaminated with a variety of pathogen micro-organisms such as, Salmonella,
Listeria, Escherichia, Shigella and Staphylococcus because of production, transport and selling
under unhygienic conditions (Zhao et al., 2001). The World Health Organization reports that
one out of every 10 people in the world has been infected with foodborne infections and about
420.000 of these cases have been fatal. On the other hand, the number of high bacteria lead to
shortening of shelf life by deterioration of meat and therefore it may cause the economic loss
(WHO, 2015).

Salmonella, an ubiquitous, short rod-shaped, facultative and Gram-negative bacteria which
pose a public health concern worldwide. The warm-blooded animals such as livestock, wildlife,
poultry, and companion animals and humans are host for Salmonella spp (D’ Aoust and Maurer,
2007; Jalil and Islam, 2012). This enteric bacterium can lead to Salmonellosis by consumption
foods that have been contaminated with feces of wild or livestock animals (D’Aoust and
Maurer, 2007). According to a report published in 2015 by the Centers for Disease Control and
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Prevention (Enterotoxigenic), it is estimated that about 1.2 million people in the U.S. have been
exposed to Salmonella infections, and that an average of 19.000 hospitalizations and 380 deaths
occur from this infection between 2000 and 2008. In addition to the lack of records on
foodborne Salmonella infections in Turkey, there is a limited number of studies on food
containing this microorganism.

Today, there are many methods for isolation and identification of Salmonella spp from foods.
The main methods used in the detection of Salmonella spp. are conventional culture,
Polymerase Chain Reaction (PCR) technology, immunology-based, and bacteriophage-based
assays (Jenikova et al., 2010). The conventional culturing method, have used from past until
today, is laborious and time consuming because of taking 5-7 days (Lee et al., 2015). Pre- and
selective enrichment stages followed by streaking onto selective agars and finally verifying the
identity of isolates by biochemical tests are the reasons of this situation. The detection of
Salmonella spp. has a great importance in terms of public health, more rapid and sensitive
methods are needed. Despite the providing rapid results in molecular based methods, they have
some disadvantages such as requirement of higher level skill, more time and labor in the
preparation and removing of the mixture, and PCR inhibition due to possible contamination
from food matrix (Liébana et al., 2014). Removing inhibitor components is the most important
step in the success of PCR applications and there are several methods to accomplish this
(Schrader et al., 2012). IMS is one of them, an effective method for separating target
microorganisms from food matrix materials and other microorganisms found in floras. In this
method, metallic spheres coated with antibodies specific to the target microorganism are
removed by a magnet after adding into the pre-enriched sample. The techniques such as
conventional culturing, ELISA, microscopy, electrochemical impedance technology, and PCR
are used to identify the separated lysate in the next step (Liébana et al., 2014).

There are not enough studies on the presence of Salmonella spp. in beef meats offered for
sale in markets in Erzurum, located in the east of Turkey. Therefore, in the present study, it was
aimed to determine the presence of Salmonella spp. by both classical culture and IMS-PCR
technique, and some microbiological properties in meats offered for sale.

MATERIAL AND METHODS

Materials

In total, 30 beef meat samples were collected from 19 different local markets and retail
stores, distributed in Erzurum city, Turkey during the May-December 2016. All samples were
transferred to the laboratory under cold chain within one hour and microbiological analyzes
were carried out on the same day.

Microbiological Analysis

Ten g of each meat samples were transferred to sterile stomacher bag which contained 90
ml of sterile Ringers (Merck, 115525) V4 solution and mixture was homogenized by a stomacher
blender (IUL Instruments, Barcelona, Spain)for 90 s. A series of 10-fold dilutions was prepared
in tubes containing 9 ml of sterile Ringer's %4 solution. Then, each diluted sample (0.1 mL) was
plated on proper growth media except for total coliforms (pouring method). Total aerobic
mesophilic bacteria were enumerated on Plate Count Agar (PCA) (Merck, 105463), after 48-
72 h at 32+1 °C; total coliforms on Violet Red Bile (VRB) Agar (Oxoid, CM0107B) after 48 h
at 37+1 °C; Enterococcaceae on Kanamycin Aesculin Azide (KAA) Agar (Oxoid, CM0591)
after 24 h at 37£1 °C; Micrococcaceae on Mannitol Salt Agar (MSA) (Oxoid, CM0085) after
48 h at 37£1 °C; Pseudomonas on Pseudomonas Selective agar (Merck, 1.07620) supplemented
with CFC (Merck, 1.07627) after 48 h at 25 °C; Yeast and molds on Rose Bengal
Chloramphenicol (RBC) agar (Merck, 1.00467) after 5-7 d at 25 °C.
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Bacterial strain
Positive control used in PCR assay was obtained from Turkey Public Health Institution
Microbiology Reference Laboratories (Salmonella Typhimurium RSSK 95091).

Isolation and identification of Salmonella spp.
Conventional Method

Isolation and identification of Salmonella spp. was performed according to 1SO 6579: 2002.
Briefly, 25 g of meat sample was transferred to filtered stomacher bags containing 225 ml of
sterile buffered peptone water (Merck, 107228) and homogenized with masticator (Neutec
Masticator, Neutec Group, Inc., Farm- ingdale, NY) for 90 s. Homogenized samples were
incubated for pre-enrichment for 24 h. Then, 1 mL was transferred to tube containing Muller-
Kauffmann tetrathionate/novabiocin broth (MKTTn) (Oxoid, CM1048) supplemented with
novobiocin (Oxoid, SRO181) in 10 ml volume and 0.1 mL of pre-enriched solution was
transferred to tube containing Rappaport-Vassiliadis (RV) medium (Merck, 1.07700) in 10 mL
volume. For selective enrichment, the tubes with RV were incubated at 41.5 °C for 24 h and
inoculated tubes with MKTTn were incubated for 37 °C for 24 h. Following the incubation,
enrichment samples were streaked onto Xylose Lysine Tergitol-4 (XLT-4) agar (Oxoid,
CM1061) supplemented with tergitol (Oxoid, SR0237) and Xylose Lysine Deoxycholate
(XLD) agar (Merck 1.05287) and incubated at 37 °C overnight. The colonies with a black centre
with pinky-reddish periphery on XLD agar and black or black-centered with a yellow periphery
on XLT4 agar were evaluated as suspicious for Salmonella. Suspicious colonies of being
Salmonella spp. were selected and identified by inoculating to tubes containing 7 mL of Triple
Sugar Iron Agar (TSIA) (Oxoid, CM0277B), Lysine iron Agar (LIA) (Oxoid, CM0381) and
urea broth (Merck, 1.08483) using a inoculating needle. Following the incubation of tubes at
37°C for 24h, typical reaction on TSIA (alkaline slant, acid butt, positive H2S and
positive/negative gas) and LIA (alkaline slant, alkaline butt, positive H2S) and urea negative
cultures were evaluated as suspicious for Salmonella. The other biochemical tests were
performed by using GN Cards (BioMérieux, Inc., Craponne, France) including 64 different test
substrates on VITEK 2 Compact system (BioMérieux) for verifying the isolates. For this
purpose, the isolates were incubated at 37 °C for 24 hour on blood agar. A sufficient number of
colonies from pure culture were suspended in a polystyrene tube containing 3.0 mL of sterile
saline solution (0.45%, pH 4.5). TheMcFarland turbidity of solution was adjusted to 0.5 using
a turbidity meter. Then, the suspension was loaded on the GN cards. Identification of
presumptive Salmonella spp. isolates was performed on VITEK2 Compact System
(BioMérieux, Marcy 1'Etoile, France) within 3 h using fluorescence reading of GN cards.
VITEK2 Compact System Software identified Salmonella spp. with a level of 97-99%
probability.

IMS Method

Salmonella spp. were separated from pre-enriched samples using Dynabeads® anti-
Salmonella (ThermoFischer Scientific, 71002) according to the manufacturer’s instruction to
perform IMS-PCR technique. Briefly, 20 ul of Dynabeads® anti-Salmonella was pipetted into
1.5 ml of sterile ependorfs placed in the MPC-S rack. Then, 1 mL pre-enriched samples were
added to eppendorfs. Eppendorfs placed on MPC-S rack were incubated with gentle agitation
for 10 min, followed by inverting it at least five times to mix the samples and beads. Hereafter,
a magnetic plate was placed on the MPC-S rack and recovery of the beads was performed for
3 minutes. After recovery, the supernatant was carefully removed. Following the removal of
the magnetic plate from the MPC-S rack, the IMS beads-bacteria complex on the tube wall were
washed with 1 mL wash buffer (PBS with 0.05% Tween-20). Washing process was repeated
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twice. Buffer-washed dynabead-bacteria complex were diluted with 100 pl of Tris-EDTA
buffer (pH, 8). This complex was maintained at -80 ° C until used in the PCR. DNA extraction
from the Dynebead-bacterial complex was performed by the boiling method. For this purpose,
100 ul of Tris-EDTA buffer solution (pH, 8.0) containing dynebead-bacteria was boiled for 10
min. At the end of the boiling, the samples were cooled on ice and centrifuged at 10.000 g for
15 sec. The supernatant obtained by centrifugation was used as a directly DNA template.

PCR Method

PCR primers (invAFW: 5°-ACA GTG CTC GTT TAC GAC CTG AAT-3’; invARV 5’-AGA
CGACTG GTACTG ATC GAT AAT-3") were used to specifically amplify a 284-bp genomic
fragment of the invA gen, which is highly specific for Salmonella spp. for PCR assays of the
isolates. The PCR amplifications were performed in a total volume of 15 pL solution
containing 2 pl of template DNA, 1x PCR buffer (Sigma), 0.25 mM MgCl2 (Sigma), 200 uM
(each) dNTP (Sigma), 10 pmol of each primer, 1.25 U of Taqg polymerase (Sigma). The PCR
cycle condition was an initial denaturation at 95°C for 10 min; 30 cycles of 95°C 30 s, 55°C 30
s and 72°C 30 s; and a final extention at 72°C for 5 min. The amplified products were detected
by electrophoresis in a 1% agarose gel in Tris/Borate/EDTA Buffer (TBE, pH 8.3) pre-stained
with ethidium bromide. Then agarose gel visualized in UV light using Gel Doc™ XR+ Gel
Documentation System (BioRad, USA).

RESULTS

Microbiological Characteristics of Meat samples
The microbial counts (log10 CFU/g) data for meat samples collected from 19 retail markets
are presented in Table 1.

As shown in Table 1, the total aerobic mesophilic bacteria count (TAMB), Pseudomonas,
yeast and moulds, coliform bacteria, Enterococcus and Staphylococcus/Micrococcus counts of
the 30 beef meat samples showed differences of <10-9.69, < 10-6.17, < 10-5.69, < 10-7.06, <
10-4.76, and < 10-5.52, respectively.

Table 1. Some microbiogical characteristics of beef meats

Total Aerobic Pseudomonads | Yeast and Coliform | Enterococci | Staph-
Mesophilic Bacteria Moulds Microcci
<10 <10 <10 3.60 <10 2.70
<10 3.00 <10 <10 <10 <10
4.78 <10 3.52 4.70 2.30 4.37
5.00 <10 <10 4.48 2.85 <10
5.00 <10 4.00 <10 <10 <10
5.06 2.85 4.04 3.60 3.41 4.63
5.27 3.78 4.56 3.62 <10 5.07
5.48 4.00 4.28 5.78 <10 5.32
5.59 2.52 4.42 4.70 2.70 3.74
5.72 2.00 <10 2.48 2.60 2.00
5.95 581 491 3.46 <10 4.78
6.00 3.30 <10 3.60 3.04 <10
6.00 4.20 <10 4.13 2.00 3.26
6.00 6.17 4.00 3.30 <10 <10
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6.03 3.31 3.30 4.06 <10 4.23
6.18 3.70 3.95 5.20 2.90 4.69
6.41 4.02 5.28 4.85 3.85 3.57
6.45 <10 <10 4.49 <10 5.52
6.55 2.00 3.00 4.87 3.28 4.06
6.64 3.44 441 4.13 4.47 4.89
6.71 2.48 3.00 3.30 3.28 4.23
6.93 4.93 <10 5.85 3.97 4.36
7.00 <10 4.97 5.23 <10 4.48
7.06 3.43 4.09 7.06 3.78 5.11
7.26 6.15 5.69 4.53 1.30 4.40
7.36 <10 <10 6.32 <10 4.00
7.75 5.34 4.60 7.06 4.76 5.20
7.81 4.79 3.78 <10 3.00 5.17
8.09 4.78 4.70 3.96 1.60 4.98
9.69 <10 5.35 <10 3.30 4.85

The presence of Salmonella spp. In beef meat samples

30 of the one (3.33%) beef meat samples were positive for Salmonella spp. by the
conventional method, whereas eight of the 30 (26.67%) samples were positive by the IMS-PCR
method (Table 2).

Table 2. Salmonella spp. results that were determined by conventional and IMS-PCR methods

Conventional IMS/PCR Both methods
n/N 1/30 8/30 0/30
% 3.33 26.67 0

DISCUSSION

The general microbiological quality parameters of the samples were determined with respect
to TAMB, Pseudomonas, yeast and mould, coliform bacteria, Enterococcus and
Staphylococcus/Micrococcus counts. According to the Food Standard, the presence of
Salmonella spp., coliform and other bacteria are accepted as the hygiene index (ISO 2001,
2002). However, the results obtained here show that the samples did not meet the standards
with respect to the presence of microorganisms. A number of bacteria shortens shelf life by
deteriorating meat quality, resulting in an economic loss. Our results seem to be due to
processing and storage conditions as well as cross-contamination after processing in the markets
and homes.

Salmonellosis is a widespread, foodborne zoonotic disease in the world and has been
reported to affect over 90.000 people in European countries each year (EFSA, 2014b). The
agent is taken orally by especially foods contaminated with feces. In food, meat plays an
important role in the emergence of diseases. Increased food contamination, immune system
diseases, gastrointestinal disturbances, and age are associated with increased risk of
salmonellosis cases with non-specific symptoms (Cianflone, 2008). Not only in Turkey, but
also in most developing countries, the absence of an epidemiological surveillance system of
salmonellosis cases makes it difficult to assess the prevalence effectively (KAFerstein, 2003).
However, the number of cases of gastroenteritis due to Salmonella spp. was 1993 in 2008, but
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this number increased to 2307 in 2011, according to the data unpublished by the THSK
Department of Communicable Diseases (THSK, 2015). Comparing the data obtained in this
study with other studies reveals that meat is an important food source in contamination with
Salmonella spp. It is thought that the difference of Salmonella spp. prevelance data between
previous studies and present study may be due to factors such as hygiene and sanitation
conditions, methodological differences using detection, transportation and storage conditions
in the markets and localization (Straver et al., 2007, Li et al., 2013). Beef meat is contaminated
with Salmonella spp. due to processing of meat in non-hygienic conditions, low personnel
hygiene, uncleaned tools and equipment used in production in a proper manner, and cross-
contamination reasons in markets where sales are offered (Iseri and Erol, 2010). In the present
study, Salmonella spp. was identified in 38 (37.25%) meat samples by IMS-PCR technique and
in 30 (30.39%) meat samples by conventional method. According to the Turkish Food Codex
Communiqué on Microbiological Criteria, it has been reported that Salmonella should not be
present for both meat types (TFC, 2011). Adiguzel et al. (2012) reported that Salmonella spp.
could isolated from 4 (2.86%) of the 140 beef samples collected from markets in Erzurum. In
our study, the number of Salmonella spp. positive samples isolated by the conventional method
was one sample (3.33%), whereas 8 samples (26.67%) of Salmonella spp. positive samples
were found by IMS-PCR technique. In this study, the prevalence of Salmonella detected in red
meat by IMS-PCR technique is similar to that of meat of the same type: 23.3% (21/90) in Egypt
(Sallam et al., 2014), 20% (38/189) in Iran (Soltan Dallal et al., 2014) and 17% (13/78) in China
(Yang et al., 2010). However, the prevalence is lower than in some countries: 62% (31/50) in
Vietnam (Van et al., 2007) and 57.08% (240/137) in Ghana (Adzitey et al., 2015). All results
indicate that poultry meat is an important source of danger for Salmonella spp. infections.

The study results show that the contamination rate of poultry meat with Salmonella spp. is
higher than the beef. When IMS-PCR and conventional method used for detection of
Salmonella were compared, IMS-PCR technique was found to be superior. The superiority of
IMS-PCR over the conventional method may be due to concentrated the target bacterium in the
samples, the removal of inhibitor components and the elimination of other groups of
microorganisms. Similar results were obtained by Siriken et al. (2015) who performed detection
of Salmonella spp in beef and poultry meat by both conventional and IMS method (36.00%,
IMS; 25.33%, conventional). The IMS-PCR technique is a method that allows rapid detection
of Salmonella spp. after IMS. Zheng et al. (2016) reported that IMS-PCR showed an accuracy
of 98.3%.

CONCLUSIONS

In this study, 30 beef meat samples were analysed for the presence of Salmonella spp. The
results showed that one of the 30 samples were positive for Salmonella spp. by the conventional
method, while eight of the 30 were positive by IMS-PCR. In conclusion, combining the IMS
and PCR methods was used effectively to isolate Salmonella spp. from beef meats than either
method alone. Taken together, it is evident that beef meat is a serious public health risk in this
region in terms of the presence of Salmonella spp. in beef meats and microbiological properties
of beef meats.
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ABSTRACT

The present work aims to evaluate the effect of broiler genetic type on meat quality and sensory
acceptability. Two commercial broiler strains were studied:a fast-growing strain (Cobb and
Arbor) and the slow-growing poultry strain (JV), that has been genetically selected to improve
production traits of broilers and maximize the profitability of chicken meat production. A post-
mortem inspection showed that the general trauma rate was higher in both Arbor and Cobb
strains compared to the JV strain (p<0.05). Physicochemical parameters evaluation showed a
significant difference between the studied poultry strains (p<0.05). Statistical analysis revealed
that pH was positively correlated with cooking loss ant the color parameter a* but it was
negatively correlated with water loss, exudate and color parameter b*. Moreover, the textural
analysis showed that the broiler from Cobb strain was significantly difficult to chew. In
addition, no differences (p> 0.05) existed among breast meat from the different strains with
respect to consumer acceptability of appearance and overall acceptability. Breast meat from
Arbor strain was slightly preferred (p< 0.05) with respect to color, aroma and juiciness.

Keywords: Broiler genetic type, Fast-growing strain, Slow-growing strain, Meat quality,
Economic profitability

INTRODUCTION

In Tunisia, poultry sector plays an important role in the national economy and make a
significant contribution to food security. This development is accompanied by consumer’s
interest in broiler meat because it is cheaper, more versatile, and is perceived to give more
health benefits than red meat (Pandurevic et al., 2014).

The poultry industry is always trying to change, adapt and evaluate its strategies to meet the
consumer expectations meat products quality while also preserving a respectable economic
profitability. The most factors directly related to meat quality are pre- and post-slaughter
practices, bird age, strain, sex, environment and nutrition (Le Bihan-Duval et al., 2002).

The objective of this study was to evaluate the effect of broiler genetic type on economic
profitability, meat quality and sensory acceptability.

MATERIAL AND METHODS

Experimental birds and samples preparation
The trial and bird slaughter were carried out at a poultry company —Tunisia. Laboratory
analyses were performed in High School of food Industry.
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Total of 1000 chicken from two commercial genetic broilers strains (fast-growing strain (Cobb
and Arbor); slow-growing poultry strain (JV)) were used to examine strain effect on meat
quality and sensory evaluation.

Trauma evaluation

A post mortem examination was made on 1000 broiler carcasses per trip for trauma
evaluation. Causes of trauma in broilers were evaluated by three methods: Five Ws,
Brainstorming and Weighted voting methods.

pH
The pH of the samples was measured by inserting electrodes into the breast muscle using a
pHmeter system (Consort C830 pHmeter) (Le Bihan-Duval et al.2007).

Exudate, cooking and thawing losses

Exudate losse (EL) was determined according to Offer (1991) method. Breast is weighed 24
h after slaughter (raw weight), then, stored at 4 °C for 6 days in filmed container with an
absorbent paper. Exudate loss was calculated as follow: %EL= [ (raw weigh — weigh after 6
days of storage)/ raw weigh]x100
Cooking losse (CL) was determined 24 hours after slaughter, according to a modified
methodology proposed by Cason et al. (1997). Raw breast meat samples were weighed and
packaged, then steam-cooked in a water-bath at 80°C for 15 minutes. After this procedure, the
samples were cooled at room temperature and re-weighed. CL was calculated as the difference
between the initial and the final weight.
Thawin loss (ThL) was determined by immersing breast slices in liquid ethanol, cooled to -18
°C (for 12 hours) and stored at -20 °C. The frozen slices were thawed at + 4 °C for 12 hours,
wiped and weighed. %ThL = [(weight before thaw - weight after thaw)/weight before thaw] x
100.

Total fat content
Total lipids from the breast meat were extracted according to the method described in NT
53.15 (1984).

Sensory panel

Samples of cooked breast were presented to trained panelists (n=42) in balanced, random,
monadic order in individual booths in a sensory laboratory. Numerological scale (1= dislike
extremely and 7= like extremely) was used to evaluate: appearance, color, aroma, juiciness,
taste and overall acceptabilityn of samples.

Color measurements

A Minolta Chroma Meter CR-300 was used to evaluate color parameters L*,a* and b* where
L* represents degree of lightness (0 = black to 100 = white), a* represents green (—a*) to red
(+a*), and b* represents blue (—b*) to yellow (+b*). The color values were measured at three
different sites on the same sample after 24 h Slaughtering (Olivo et al., 2001).

Instrumental texture measurements

Texture measurements were determined using Texture analyzer (model TVT 6700 Perten).
Double compression, shear and penetration tests were conducted according to Honikel (1998).
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Statistical evaluation

Data were presented as the mean of triplicate+ standard deviation (mean + SD). The data
were analyzed for statistical significance using Statgraphics Centurion XVI. Differences
between treatments were assessed using one way ANOVA, followed by Tukey HSD post
hoctest. P values below 0.05 were considered significant.

RESULTS

Trauma evaluation

Trauma represent the most frequent factors causing the deterioration of the organoleptic
quality of broiler meats leading to significant economic losses. In this study, the trauma
evaluation is carried out on wings, fillet and thighs (Figure 1).
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For all values with the same letter, the difference between the means is not statistically significant

Figure 1. Trauma evaluation: (a) general rate; (b) trauma wings; (c) trauma fillet (c) and (d)
trauma thighs

General trauma rate is higher in both Arbor and Cobb strains. An important traumatic injury

is observed on chicken wings. Genetic strain does not have a significant effect on the trauma.
The quality approach reveals many causes illustrated in the following figure.
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Figure 2. Ishikawa Diagram of meat trauma problem

Physicochemical parameters

Physical properties of studied broiler meat are presented in Table 1. According to results,
Fast-growing strains present the highest exudate and cooking losses (p<0,05). Arbor strain
present the highest total fat content about 0,79%.
the pH values were ranging from 5.5 to 5.8. Slow-growing strain (JV) has the lowest value of
pH (pH= 5.80+0.06).

Table 1. Physicochemical parameters of broiler breast

Strains
JV Arbor Cobb
Total fat content (%) | 0.312 0.79° 0.21°
pHu 5.80+£0.06"¢ 5.63+0.08%P 5.57+0.022
%Exudate 42.4142.152 44.16+0.49? 68.57+0.16°
%cooking loss 26.15+0.182 33.33+0.20° 30.26+0.31°
%thawing loss 21.9242.502 19.64+5.97% 17.29+£2.71%

For all values with the same letter, the difference between the means is not statistically significant

Sensorial analysis

The results obtained in sensory analysis of the studied strains were presented in Figure 3.
It was revealed a significant difference between samples in term of color, aroma, juiciness, taste
and aftertaste. JV and Arbor strains have the maximum overall acceptability. The overall
acceptability score for these samples were 5.5 and 5, respectively, on a 7-point hedonic scale.
Also, it seems that the genetic strain did not affect the consumer acceptance.
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Figure 3. Sensory Evaluation of broiler filet of studied strains (* p<0.05)

Statistical analysis shows that there is a significant difference for the color components
between the studied strains (figure 4).
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Figure 4. Cie L*a*b* parameters of broiler meat
Texture measurements were conducted to note that Cobb strain present a significant higher

hardness, springiness, chewiness and resilence values. Shear and penetration tests show that
Cobb has significantly the lowest values with an important adhesiveness (Table 2).
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Table 2. Texture Parameters

Strain
Vv Arbor Cobb
Double compression test
Hardness (g) 5255.00+76.002 5505.00+4.00? 6906.00+7.00°

Fmax2(g) 4637.50+49.502 4704.00+£36.002 6219.00+43.00°
Cohesiveness 0.66+0.032 0.65+0.032 0.76+0.012
Springiness 0.50+0.00% 0.55+0.012 0.61+0.01°
Chewiness 1728.50+47.502 1981.00+121.002 3251.50+30.50°
Resilience 0.32+0.00° 0.34+0.022 0.44+0.01°
Shear test
Fmax(g) 2142.00+52.00? 3183.50+7.50° 1704.00+51.00°¢

Wmax(g.min-1)

2552.89450.59%

4611.99+287.87°

2142.77+431.73%

Penetration test

Penetration 94.67+1.78°2 108.50+0.50° 84.50+0.50¢
Force (9)
Adhesiveness 2.84+0.16% 3.08+£0.272 2.22+0.08°

DISCUSSION

The analysis of bird behavior on the slaughter lines indicate that heavy strains try to
straighten themselves by flapping their wings (LeBihan-Duval et al., 2001). Hence the
myoglobin content increases; which generates the appearance of hematomas and traumatic
injuries.

After slaughter, postmortem glycolysis is activated and accumulation of lactic acid in the
muscle is increased, which results in a decline in pH. This pH value is one of the important
parameters for quality profiling of meat (El Rammouz et al., 2004). No significant strain effects
were observed in muscle, suggesting that no protein denaturation issues existed within strain
(Schilling et al., 2008). Previous studies have reported that lower pH (5.7) at 24 h postmortem
indicates poor meat quality that is characterized by protein damage, lighter meat color, and
reduced water-holding capacity, all of those being typical characteristics of pale, soft, and
exudative meat (Van Laack et al., 2000).

Cobb strain show the lowest pHu value and the highest percentage of exudate loss. Indeed,
heavy strains are characterized by a rapid decrease of pHu leading to increase exudate loss
(Ngoka et al., 1982).

Boulianne and King (1995) report that pHu affect color. the pH value of the dark color
pectorals is higher than the normal color pectorals. Thus, the luminance decreases and the red
color index increases when pH increases. A low pH values lead to increase the width of
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extracellular spaces and the reflection of the incident light (bloodless). Thus, fast-growing
strains were lighter, less red and more yellow.

Although Arbor and Cobb strains belong to fast-growing strains, we note a significant
difference between both of strains in term of texture measures. This suggests that the rearing
mode does not affect the textural quality of broiler meat.

CONCLUSIONS

This study show that genetic strain does not have a significant effect on trauma meat
apparition. However, fast-growing strains (Cobb and Arbor) present the highest general trauma
rate. The quality approach reveals many causes related to : collection method, hanging method,
type of cage and its maintenance, weight of chickens, distance between breeding center and
slaughterhouse, type of breeding center, strains.

Physicochemical parameters (pHu, exudate, cooking losses).and sensorial analysis (CIE
L*a*b* color scale, sensory panel, texture measurements) were significantly influenced by
genetic strains.
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ABSTRACT

The aim of this article is to show the analysis of yields results and some of its components found
in triticale, fertilized with different nitrogen rates. In this respect, during the period 2011-2013,
at the Centre for Agricultural Research in Sredets the Polish experience of the block method
has been used in 4 repetitions, with size of the harvest plot of 20 m? without irrigation. The
subject of the study was triticale, Vihren variety, grown at three nitrogen levels: To - (control) -
without nitrogen fertilization; T1- Neo; T2- N1oo and T3- N14o on P10Ks background. Nitrogen rate
has been introduced once before the active vegetation of the plants in the form of ammonium
nitrate. Sowing has been carried out with seeding rate of 560 hp, after predecessor coriander.
Except for the tested factor, the remaining agro-technological practices were in line with the
triticale breeding technology adopted for the region. Grain yields (kg/ha) and some of its
structural elements have been reported - number of stalks/m?, plant height (cm), stalk length
(cm), number of grains in a stalk, grain weight in a stalk (g) and the mass of 1000 grains (g). It
has been found that grain yields increase from 10 to 38% when fertilizing with increasing
nitrogen rates. The values of the indicators - number of stalks/m? and number of grains in a
stalk increase and reach the maximum values for fertilization Nis. In the conditions of
Strandzha, for Vihren variety growing the most efficient fertilization is with N1o.

Keywords: Strandzha, Triticale, Fertilization, Yield.

INTRODUCTION

Triticale /Triticosecale Wittm./ has been an artificially created intergeneric hybrid that has
been officially introduced into production for more than 50 years. It has a wide popularity as a
forage, food and technical crops. It also has a number of agrotechnical advantages: the
possibility of growing on poorer and acidic soils, high resistance to fungal diseases, very good
drought- and winter resistance, less demanding to the dietary regimen. This makes triticale
crops ecologically cleaner and cheaper to grow (Baychev, 2014). It is often considered as an
alternative to wheat and other cereals, especially in areas with less favorable soil and climatic
conditions (Kim et al., 2001; Ammar et al., 2004; Kolev et al., 2005; Kirchev et al., 2010;
Cushla Mcgoverin et al 2011; Baychev, V. 2013.).

Method for optimal expression of biological opportunities and adapt to the soil and climatic
conditions of different regions is to improve the technology of the crops /culture/. One of the
main agronomic factors for this purpose is a mineral fertilizer, especially nitrogen nutrition.
Kirchev et al., 2005; Gibson et al., 2007; Lestingi et al., 2010; Kuang, 20011; Hristov, 2014).
Kirchev et al. (2014) establish that triticale cultivated in the Thrace area conditions showed
greater responsiveness to increasing nitrogen fertilization, and in Dobrudzha area conditions
there has been established a limit in the range N120-160. Gushevilov (2001) determines the effect
of lower and medium fertilization norms in the cultivation of triticale on gray forest soil and
concludes that liming and fertilization are mandatory triticale cultivation measures. From
provedeneni earlier studies (Tanchev, D. et al., 1989; Dimitrova-Doneva, 2007) on leached
cinnamic forest soil in the Strandza area there has been established that on a background of

115


mailto:%20kasidi4@abv.bg

International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 2018

P100Keo0 an effective rate of fertilization of the Persenk variety with nitrogen has been 100-140
kg/ha, and when growing after preceding stubble, rape and sorghum: fertilization with 100
kg/ha nitrogen. Studies on the biological and economic qualities of triticale in different soil and
climatic conditions and cultivation factors allows for a better use, especially in poor and acidic
soils, for increasing the production of grain per unit area, respectively. increasing the
attractiveness of these crops. The aim of our study was to determine the optimal fertilization
rates in triticale for grain in the conditions of the Strandzha area.

MATERIAL AND METHODS

The study has been conducted in 2011-2013 at the experimental field of the MOA /the
Municipal Office for Agriculture/ in the town of Sredets, (42034°27018") at an altitude of 47 m
a. s. l. and covers a terrain typical of the area. The soil type on which the experiment is based
on, is leached cinnamic forest soil with a slightly clayey mechanical composition, a shallow
humus horizon (20-25 cm), a humus content below 2.25%, a slightly acidic reaction, poorly
loaded with phosphorus, and well-stocked with potassium.in the experimental field of the PES
Sredetz (42034°27018") at an altitude of 47 m a. s. |. and covers a terrain typical of the area.
The soil type on which the experiment is based is leached cinnamon forest soil with a slightly
clayey mechanical composition, a shallow humus horizon (20-25 cm), a humus content below
2.25%, a slightly acidic reaction, poorly loaded with phosphorus, and well-stocked with
potassium.

The object of the study is triticale, Vihren variety grown at three nitrogen norms: To —
(control)- without nitrogen fertilization; T1- Neo; T2- N1oo 1 T3- N14o at a background of P100Kso.
The nitrogen norm is introduced once before the active spring vegetation of the plants, under
the form of ammonium nitrate. The sowing has been carried out with a sowing rate of 560x /
m2, after a predecessor of coriander. Except for the test factor, the other agro-technological
practices are in line with the triticale breeding technology adopted for the region. The
experimental design is a randomized block in four replications of 25m2. Grain yield (kg / ha)
and some of its structural elements - number of triticale ears /heads//m 2, number of grains in
ear, grain weight in ear (g) and mass per 1000 grains (g) have been reported.

Experimental data processing has been performed using the Microsoft Excel Xp
programme package.

RESULTS AND DISCUSSION

The area of the experimental field belongs to the Strandzha climate zone of the
Continental-Mediterranean climatic region. Its special features are determined by the joint
influence of the Black Sea and the Strandzha Mountain. Characteristic of the region is the much
softer and more precipitation winter, compared to the European-continental part. Spring is felt
in the first half of March. In summer, although the temperature differences are not large, there
are droughts in the period July-August. Spring is warmer and longer and autumn is cool. The
microclimate of the experimental field does not differ significantly from that of the entire area,
both in terms of temperatures and rainfall distribution.

The meteorological conditions during the three years of the survey (2011-2013) differ
substantially in terms of both the average monthly air temperatures and the monthly
precipitation values, compared to the climatic norm for the Sredets region, but are similar in
terms of each other (Table 1).

The first harvest year (2010/11) has been characterized as moderately warm, with a
temperature closest to the average temperature for the multiannual period, but with regard to
moisture for the vegetation period and months, there are significant differences. The rainfall
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measured during vegetation (488.1 mm) is significantly less than rainfall over the multiannual
period (583.1 mm) and the other two years. Autumn - the winter period is characterized by
rainfall close to the climatic norm and favors the initial development of culture. With regard to
the great importance of sufficient rainfall in the spring for the production of triticale, especially
in April-May, their distribution in 2010/11 is favorable, which is a prerequisite for high crop
productivity.

In temperature terms, the second year (2011/12) of the study differs significantly. The
winter months are colder and the average monthly temperatures in January and February are
negative (-0.3°C and -1.2°C), but due to the snow cover, the frosting of the crops was not taken
into account. Temperatures in April - June exceed the temperature range and set the period as
warmer and worse temperature mode. Autumn is characterized by a lot of rainfall in October
(when the highest rainfall is measured during this harvest year, 149 mm) and relatively dry
November, the precipitation conditions in December-February lead to a good winter-spring
stock of soil moisture. March-June are unevenly distributed, especially in May, when they are
117.8 mm, which is 57.7 mm above the May norm.

Table 1. Rainfall and average monthly temperatures during the vegetation of triticale in
Sredets during the period 2011-2013

Precipitapion during the vegetation of triticale | Average daily temperatures during the vegetation of
in Sredets for 2011-13, mm triticale in Sredets for 2011-13,°C
Years Years
Months| Perennial | 2010/ | 2011/ | 2012/13 Perennial | 2010/11 | 2011/12 | 2012/13
volues 11 12 volues

X 64 77.2 | 149 92.1 13.7 11.7 10.8 16
Xl 70.1 60 | 0.6 12.9 9.1 10.5 4.6 9.2
Xl 67.2 48.3 | 64.1 106 4.4 3.7 3.8 1.6
I 60.2 544|715 46.8 1.8 1.9 -0.3 2
I 47 34.6 | 46.2 49.8 3.6 1.6 -1.2 4.4
il 45.3 31|76 46.5 6.5 6.5 6.5 7
v 48.7 89.1 | 47.6 26.8 11.6 10 13.9 13
V 60.1 42 | 117.8 195 16.8 16.3 16.9 18.8
VI 66.3 30.5 | 20.6 74.9 20.8 21.2 22.4 21
\1 54.2 21 | 10 27.6 23.3 24.7 25.9 22.5
> 583.1 | 488.1|535 5029 | X 11.16 10.81 10.33 11.55

The third harvest year can be defined as quite different in temperature relative to the multi-
year period. The vegetation period is with higher average monthly temperatures than the other
two vegetation periods, too. Except for December, temperatures in the other months are higher
than the climatic norm. Particularly in April and May, when combined with less rainfall, they
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create unfavorable conditions for forming more and better quality grain. The rainfall at the
beginning of June somewhat compensates for stress and helps to obtain good yields.

The number of classical stems is a major component of yields in other cereals as well as in
triticale (Skuodiene and Nekrosiene, 2009). In the present study, differences in its values were
established in relation to the years and the level of the nitrogen norm (Figure 1).

The number of crop-ear stems is a major component of yields in other cereals as well as in
triticale (Skuodiene and Nekrosiene, 2009). In the present study, differences in its values were
established in relation to the years and the level of the nitrogen norm (Figure 1).

Number per spixes, Ném* Number of gram par spike

i’

14} T2 T3 T T

Nitrogen Morms Nitrogen Norms
02011 82012 8201 B @2z e

Figure 1. Number of ear stems Figure 2. Number of grains in an ear

Table 2. Effect of conditions and nitrogen fertilization on some triticale yield components.

Sourceof variantior Interaction Year
Year Fertilization

X Fertilization

MS n (%) Fexp MS n (%) Fexp MS n (%) Fexp
NS/m?

2392.33*%| 22.43] 23.151| 2903.556% 40.83| 28.09897 1306.55*| 12,64 36.74
NGS 938* | 83.15 75.375 184* 16.31] 9.8571 6* 0.53| 0.160714
WGS 0.0037*| 0.87| 4.353 | 0.272222% 95.71| 320.2614 0.004856* 3,42 | 5.71241§
W100G 890.9858% 88.5| 6838.124 62.4475*| 9.35| 479.3417 7.145833% 2.15| 54.85

In year 2011, 577 ears / m? have been formed, and in 2012-677 pcs./ m?. When fertilizing
with N14o, they have reached maximum values, with an average increase over the period of the
net variation being 38pcs. (5.9%). By the data on the effect of year and nitrogen fertilization
factors on the structural components (Table 2) there has been seen, that the influence of the
factors has been statistically proven. The highest one is that of the fertilization (40.83%),
followed by the interaction between fertilization and year - with 36.74%, and the year - with
22.43%.

The variation of the values of the number of grains in an ear (Figure 2) has been from 23.7
in 2012 to 33.3 in 2011. The impact of the year has been stronger than that of fertilization, since
the change in the values is up to 10 grains in an ear, and under the influence of fertilization - up
to 5 grains, the difference between the different levels of the nitrogen norm is 2-3 grains. The
results are explained by the favorable combination of climatic conditions during the formation
of the grain (February-March), and the possibility of absorbing nitrogen from the fertilizer
norms. This is confirmed by the results in Table 2.
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Figure 3. Weight of grain in an ear Figure 4. 1000 grains mass

When comparing the ear grain mass in variants (Figure 3), it has been found that the changes
in the values by years are small and insignificant. The fertilizer variants form more grain in an
ear. The greatest effect had had the average nitrogen rate (N1oo), with the increase over the
previous nitrogen norm (Neo), being the largest one: 22%. The most powerful impact has been
the fertilization in 2011, when there is also the greatest increase in grain mass. Nitrogen
treatment is the key factor for the grain weight variation in an ear (95.71%).

1000 grains’ mass (Figure 4) is a qualitative feature, defining the value of seeds as a sowing
material. According to some authors (Peki¢ 2014) nitrogen feed affects positively the mass of
1000 grains, while others (Dumbrava, 2016) consider that nitrogen fertilization increases the
productivity of the triticale, but does not affect the mass of 1000 grains. The results of the
experiment show that the absolute grain mass is positively influenced by the applied nitrogen
fertilization, but with a different effect. In the case of T fertilizers, it had grown by 5 - 69
compared to the unspent mass, and had slightly decreased with the fertilization with Tz variants.
It is striking the similar response (almost equalized values by variants) of the crop in years 2012
and 2013.

By the grain yield data (Table 3) is established, that all fertilized variants exceed in yield the
non-fertilized ones, which indicates the impact of fertilization. It creates more favorable
conditions for growth and development of plants and realization of their productive capacity in
the agro-climatic conditions of the region. Without the use of nitrogen fertilization, the yield is
the result of soil fertility and varies from 4720 in 2011 to 5500 kg / ha in 2013, which is almost
in line with that obtained in 2012. Testing of increasing nitrogen norms (60, 100 and 140 kg /
ha N) significantly increases grain yield with triticale in each year of the study, with the highest
yield being obtained with fertilization with T, -7500 kg/ha in 2012 and 7300 kg/ha in 2013 with
a relative increase relative to the net control of 36% and 32%, respectively, and T3 - 7170 kg /
ha in 2011 with an increase of 51%. On average, over the period, the application of T2- N1oo,
has increased the yield with 200 kg / ha or 38% To.

The increase in yield relative to T has been statistically proven. Low nitrogen fertilization leads
to boosting yields in 2011 with 17%, in 2012- with 8%, in 2013 - with 7%, on average for the
period - with 10%. Despite the fact that the application of nitrogen norms higher than Neo leads
to a statistically significant increase in yield to No, the determination of the optimal nitrogen
rate can only be made by calculating the reliable differences from the previous tested nitrogen
norm. The relative yield surplus between T, and Ty in years is as follows: 24.32%, 26.05%,
24.69%, and the average for the period (1430 kg) -24.7%. Average for the period, fertilization
with T3 leads to a decrease in the yield relative to T, with 160 kg.
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Table 3. Grain yield from triticale for the period 2011-213, kg / ha.

Years 2011 2012 2013 Average for the period
Variants kg % kg % kg % kg %
1.No (cont.) 4720 (100 |5480 100  |5500 |100 | 5230 100
2.Neo 5550 |117 5950 108 5900 |107 |5800 110
3.N1oo 6900 |146 7500 136 7300 |132 |7230 138
4.N140 7170 |151 7040 128 7000 |127 7070 135
GD 5% 23.98 18.46 17.10

0.1% 39.79 30.61 28.36

0.01% 74.39 57.25 53.03

In Table 4 there are presented data for the analysis of the yield variance. The power of
fertilization factor is 92.5%, followed by the year 4.13%, and the interaction between them
3.37%. The smaller percentage of the year is probably due to the fact, that the study period
includes three consecutive years with similar climatic conditions.

Table 4. Variety Vihren yield variance analysis.

Fcrit
Factor SS DF | MS F exp n P=0.05 P=0.01
Total 383087.7 47
Factor A Year 15264.67 2 7632.333 | 20.03237 4.13 3.26 5.25
Factor B Fertilization 341654.3 3 113884.8 | 298.9102 92.5 2.86 4.38
Interaction AXB 12452.67 6 2075.444 | 5.447361 3.37 2.36 3.35
Within 13716 36 381

CONCLUSIONS

In the conditions of Strandzha, on leavened /leached/ cinnamic forest soil, single nitrogen
fertilization on background P10oKso. is an effective event, which increases the yield of Vihren
grain variety on average for the period from 570 to 1840 kg/ha. The most effective is the one-
time fertilization with 100 kg/ha of nitrogen, introduced early in spring. The values of the
number of crop ears/m?, and the number of grains in an ear, increase and reach the maximum
values when fertilization Ni4o. The grain weight is most strongly influenced by the nitrogen
fertilization; the mass of 1000 pcs. of grains - from the year.

REFERENCES

Ammar, K., Mergoum, M. Rajaram, S. (2004). The history and evolution of triticale, in Triticale
Improvement and Production,ed. by Mergoun M, Gomez-Macpherson H. Food and
Agriculture Organization of the United Nations, Rome, pp. 1 —10 (2004)

Baychev, V. (2013). Triticale lines and varieties grown under contrasting meteorological
conditions. International Scientific Conference "Selection and Agrotechnics of Field
Cultures”, Karnobat, 28 November 2013. Scientific papers of the Institute of Agriculture
- Karnobat, 2,1: 79-86

120



International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 2018

Baychev, V. (2014). Triticale. Agriculture plus 1 (256): 1-12.

Mcgoverinn, C., Muller, N., Snyders, F. Manley, M. (2011). A review of triticale uses and the
effect of growth environment on grain quality. J. Sci. Food Agric., 91(7):1155-65.
Dimitrova-Doneva, M. (2007). Optimization of some Agrotechnical Factors in Winter Cereals

for the Strandja Region. Dissertation.

Gibson, L., Nance, C., Karlen, D. (2007). Winter triticale response to nitrogen fertilization when
grown after corn or soybean. Agron. J., 99 (1): 49-58.

Gushevilov, G. (2001). Impact of long-term fertilization and liming on yields and quality of
triticale. Plant Breed. Sci., 2: 93-99.

Hristov, I. (2014). Effect of the foliar feeding applying on the grain yield of triticale and barley
growing in rotation. Sci. Technol., 4(6): 2014.

Kim, B.Y., Baier, A.C., Somers, D.J., Gustafson, J.P. (2001). Aluminium tolerance in triticale,
wheat and rye. Euphytica, 120 (3), 329-337.

Kirchev, H., Terziev, Z., Tonev, T. K. (2005). Parametri na produktivnostta pri novi sortove
tritikale v zavisimost ot azotnata norma. Jubileyna nauchna konferentsia “60 god. AU -
Plovdiv” Nauchni trudove, L, 4: 153-158.

Kirchev, H., Terziev, Z., Matev, A. (2010). Grain qualities of triticale (X Triticosecale
Wittmack) varieties grown under the ecological conditions of Thrace and Dobrogea. J.
Environ. Prot. Ecol., 11 (2): 534-5309.

Kirchev, H., Matev, A., Yanchey, ., Zlatev, Z. (2014). Productivity and its elements of triticale
varieties depending on the nitrogen norm. J. Manag. Sustain. Develop., 3 (46): 67-70.

Kirchev, H., Delibaltova, V., Matev, V., Kolev, T., Yanchev, I. (2014). Analysis of the
productivity of triticale varieties cultivated in Thrace and Dobrudja depending on the
nitrogen fertilization. J. Mount. Agric. on the Balkans, 17 (2): 328-335.

Kolev, T., Ivanova, R. (2004). Testing of triticale varieties in the agro-ecological conditions of
the Plovdiv region. Plant Breed. Sci., 41 (6): 509-512.

Kolev T., Yanev, Y., Tachsin, N., Yanchev, I. (2005). Productivity of wheat varieties (common
- Tr. Aestivum L., hard-Tr. Durum Desf.), Triticale and rye. Chirpan conference. Field
Crops Studies, 1: 147-151.

Kuang, Y., Li, T., Zhang, X., Yu, H. (2011). Genotypic variation in nitrogen use efficiency of
triticale and its evaluation. Plant Nutr. Fertil. Sci., 17 (4): 845-851.

Lestingi, A., Bovera F., de Giorgio D., Ventrella D., Tateo A. (2010). Effects of tillage and
nitrogen fertilisation on triticale grain yield, chemical composition and nutritive value. J.
Sci. Food Agr.: 90-96.

Dumbrava, M., Epure, L.L., Dusa, E. M. (2016). Grain Yield and Yield Components at
Triticale under Different Technological Conditions Agriculture and Aricultural Science
Procedia 10: 94 — 103.

Skuodiene, R., Nekroseine,” R.  (2009). Effect of preceding crops on the winter
cereal productivity and diseases incidence. Acta Agric. Slov., 93(2):169-179.

Tanchev, D., Antonov, D., Ivanov, S. (1989). Treating the triticale in the conditions of
Strandzha. Agriculture, 6, 44-46.

beki¢, V., Milovanovié, M., Popovi¢, V., Jeli¢, M., Perisi¢, V. (2014). Effects of fertilization
on yield and grain quality in winter triticale. Rom. Agric. Res., 31: 176-183.

121


https://www.researchgate.net/journal/1097-0010_Journal_of_the_Science_of_Food_and_Agriculture
https://www.researchgate.net/scientific-contributions/2053502440_Marin_Dumbrava
https://www.researchgate.net/scientific-contributions/2053352698_Lenuta_Iuliana_Epure
https://www.researchgate.net/scientific-contributions/2116657997_Elena_Mirela_Dusa

International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 2018

PREVENTIVE COMPONENTS THAT AFFECTIVE IN EFFECTIVENESS OF
AGRICULTURAL ADVISORY SERVICES IN IRAN

Solieman RASOULIAZAR"

Department of Agricultural management, Mahabad Branch, Islamic Azad University, Mahabad, Iran

* rasouli88s@yahoo.com

ABSTRACT

Technologies and farming methods are constantly changing. Farmers should be informed about
how to use these innovations in their fields. Utilizing the competence of the graduate’s
agricultures in the form of Agricultural Advisory Services companies (AASC) is one of the best
solutions to transfer knowledge and technology to farmers and accelerating in agricultural
development. The main purpose of this study is study and identification of the problems that
AAS is faced with. Statistical population of the study consisted of Agricultural Consultants
(N=1731). Using the formula Cochrane, sample size was determined 306. Questionnaire was
the data instrument. The appearance and content validity of questionnaire was obtained by
comments of extension experts. Reliability coefficient of questionnaire was obtained 0.89 by
Cronbach alpha. The results showed that AAS increased participation of stakeholders in
decision making and planning. AASC also provided the specialized context fields in
agricultural extension. Results showed that AASC increased accountability and responsibility
in extension services. By using exploratory factor analysis barriers are classified in four factors,
including Infrastructure, Policy-making, Socio - cultural and Financial. These factors could
explain 62.86 % of variance in reduce effectiveness of AASC among farmers in West
Azerbaijan province.

Keywords: Preventive, Agricultural Advisory Services Companies, Factors, Effectiveness, Iran

INTRODUCTION

Agricultural advisory (extension) services are a vital element of the array of market and
non-market entities and agents that provide critical flows of information that can improve
farmers’ and other rural peoples’ welfare. After a period of neglect, agricultural advisory
services have returned strongly to the international development agenda. Apart from their
conventional function of providing knowledge for improved agricultural productivity,
agricultural advisory services are expected to fulfill a variety of new functions, such as linking
smallholder farmers to high-value and export markets, promoting environmentally sustainable
production techniques. (Anderson, 2008). In many developing countries, rural populations are
heavily dependent on agriculture as well as different social services for their livelihoods. Yet
access to adequate knowledge, improved technologies, financial services and other relevant
social services remains a critical issue (Tchouawou and Colverson, 2014).

However, with regard to the implementation of demand-driven and participatory
approaches, some success stories were registered with strategies used in agricultural extension.
With the lack of a gender sensitive approach to service delivery, challenges still impede the
implementation of market-led and participatory Extension Agricultural services systems. Many
systems have put a greater emphasis on promoting various agricultural extension projects
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without understanding the practical and cultural obstacles that prevent women from accessing
the most needed services. This has largely resulted in women’s unequal access to Extension
Agricultural services in rural locations. Consequently, the need for Extension Agricultural
services delivery systems focused on best-fit approaches has been underlined as they provide
an opportunity for adapting Extension Agricultural services to different population groups with
specific priorities and needs (Manfre et al., 2013).

The decentralization of extension services retains the public delivery and public funding
characteristics of traditional centralized extension, but transfers the responsibility for delivery
to local governments (district, county, etc.) in diverse ways. For instance, many Latin American
governments undertook this approach in the 1980s and 1990s, and it is being initiated
enthusiastically in several African and Asian countries. The main expected advantage of the
approach is in improving accountability, as agents become employees of local government,
which—if democratically elected—would be keen on receiving positive feedback on the service
from the clientele-electorate (Anderson, 2008). Access and use of information plays a crucial
role in any activity (Martiius and Stabingis, 2000). Today farmers couldn’t have access to new
technologies only through direct contact between researchers. But new organizations should be
responsible for transferring information and technologies to the farmers (Lashgarara and
Hosseini, 2008). Commercialization in agriculture requires demands for technical consulting
services (Christoplos, 2008).

Agriculture is one of the most important economic sectors in Iran. Agricultural sector
provides about a quarter in employment and 33% of exports in Iran (Manzoralibadi, 2009).
Despite the important role of agriculture in food production, employment and exports,
unfortunately rural community is being faced with numerous problems. Issues such as poverty,
unequal income distribution, unemployment, low productivity, unskilled labor force,
inadequacy in agricultural sector, lack of appropriate extension system abound in agricultural
sector of Iran (Merzaiy et al., 2007). To increase agricultural production level, farmers are needed
to have access to extension services. But despite the long term of starting agricultural extension
programs, in Iran, millions of farmers have not been covered by public extension. FAO
statistics in Africa show that two of every three farmers do not have access to public services.
This ratio in Asia is three of every four people, Latin America six of the every seven people,
and five of the six people in the Middle East (Shekara, 2001; Zamanipour, 2001; Lashgarara
and Peshbien, 2004). A number of specific formats of extension operations emerged over recent
decades in endeavors to overcome these widely acknowledged problems. These newer (and
now, for some, not so new) approaches, which depart from the traditional public service models,
entail institutional innovations and reforms, often pluralistic, where specific design features
reflect attempts to overcome weaknesses inherent in earlier public extension efforts (Anderson,
2008).

Agricultural Extension Services have been widely criticized due to inability to perform
assigned functions and the absence of expected effectiveness and efficiency. Therefore, major
changes such as structural reform, decentralization and privatization are essential to agricultural
extension (Birner et al., 2009). Rivera (2008) assumes that the agricultural extension in the
public sector has been seriously criticized in many countries due to its inefficiency.

Today, the role of agricultural public extension in transferring of technology in agriculture
has been questioned (Rasouliazar and Fealy, 2008). Ahmadi (2004) pointed out that negligence
to capital and human factors in agriculture, lack of covering comprehensive stockholders in
agricultural extension, limited resources, manpower and funds in public extension system,
dearth of fitness levels of staffing and professionalism to the needs of farmers are the main
problems existing in agricultural knowledge and information system of Iran (Ahmadi 2004).
Other countries have different strategies to cover defects and weaknesses of public extension
(Mandler, 2010). Policy-makers in these countries have reached an important consensus to find
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other alternatives to public extension. One of this alternatives is the use of private companies
to provide information and transfer technologies to farmers. Privatization of extension services
refers to the services that extension staff in private organizations provides for those farmers
who pay the cost of services. These services are being considered as supplement for public
extension service (Hanchinal et al., 2001; Saravanan, 2001; Anderson, 2004).

Amirani (2001) states that the solution of these problems would be possible through
consulting services. Privatization of extension services by contracts to farmers has been
introduced as one of the strategies of restructuring the public extension system (Christoplos,
2008). Application of AASC integrated with other techniques to produce effective access to
financial facilities and marketing for the product would increase production and improve
performance of farmers production in fields (Smith and Munoz, 2002).

Benin et al. (2007) stated that the main purpose of an agricultural consulting services is to
increase agricultural productivity by strengthening the technical skills of farmers, and also to
monitor their activities through delivery information and consulting services to them (Benin et
al., 2007). Anderson (2007) believes that consulting services are critical elements which
provide key information and improve the welfare of farmers. He believes that the term
“consulting services” refers to a complete set of agricultural organizations that facilitate and
support participation of farmers and solve their problems in agricultural sector with
transmission of information, skills and techniques.

Transferring to agricultural consulting services and conventional extension systems could

enhance productivity in production organization like agricultural farms (Arbenz, 2004).
Application of consultancy companies is meant to achieve goals such as: increased efficiency
and faster economic growth, agricultural development and decrease of government intervention
in executive decisions (Rasouliazar and Fealy, 2008). One of the important challenges that
extension Planners are faced with it, is the issue of how to increase the level of effectiveness
and efficiency of technical consulting services (Chipeta, 2006). Designing effective extension
systems has always been indispensible to system designer and policy-makers. Sundberg
asserted that effective counseling services have significant impact on performance and
efficiency of farmers (Sundberg, 2005).
Ministry of agriculture in 2009 reported that West Azerbaijan province has a high capacity in
agriculture production (Anonymous, 2008). But on account of its geographical situation (being
mountainous) and scattered villages farmers have limited access to public extension, and a large
number of farmers are deprived of obtaining extension services.

Accordingly, using AASC can solve many of this structural problems and bottlenecks of
public extension system. According to statistics of Agricultural Engineering Organization over
1900 AASC have been formed and established in Iran. The largest number of Agricultural
graduates in form of AASC was based in West Azerbaijan. The number of these graduates was
1731 that were based in 162 AASC companies (Anonymous, 2009). Considering the important
role of AASC in providing extension services to farmers, it is necessary to identify obstacles
and barriers that influence the effectiveness of this companies. Since these obstacles and
problems will reduce the effectiveness of services and take false credits in extension services
sector (Barret et al., 2005); therefore, the main goal of this study was identifying obstacles
factors that reduce effectiveness of AASC in Iran. By identifying this problems, Policy-makers
and Extension planners could have suitable strategies to solve their. And also AASC could
increasing their effectiveness in process of delivery agricultural services to farmers.

Research Methodology

The methodology used in this study involved a combination of descriptive and quantitative
research and included the use of correlation and descriptive analysis as data processing
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methods. A questionnaire was developed based on interviews and relevant literature. The
questionnaire included both open-ended and fixed-choice questions. A 5-point Liker scale
ranging from 1 (strongly disagree) to 5 (strongly agree) was applied as a quantitative measure.
Content and face validity were established by a panel of experts consisting of faculty members
and experts in the Ministry of Agriculture. A pilot study was conducted with 30 rural people
who had not been interviewed before the earlier exercise of determining the reliability of the
questionnaire for the study. Cronbach’s Alpha coefficient was 0.86 which demonstrated that
the questionnaire was highly reliable. The research population included Agricultural
Consultants that are offered advisory to farmers in the Provinces of West Azerbaijan (n = 1731).
Using a Cochran formula, sample size was determined 306. Factor analysis statistical methods
were used. Also for data processing Statistical Package of social Science (SPSS) version16 was
used.

RESULTS AND DISCUSSION

The results of descriptive statistics show that the average age of consultants was 28.53 years,
with 3.8 years work experience. The majority of them (72.2%) were male. Majority of
respondents (81.4%) had a B.Sc in agriculture majors. Consultants have announced that a major
method to earn income was monitoring the farmers’ farm (49.3%). In addition 38.6 percent of
the consultants preferred the method of “visit farms’ farm”. The results showed that (81.4%) of
consultants have suitable place in AASC. The average distance of AAS center from city was
17 kilometers (Tablel).

Table 1. Descriptive statistics of extension experts

Variables n % | Mean | SD. | Min. | Max.
Age 2853 | 3.8 | 22 38
Age experience 322 | 155 1 7
Distance from city 175 [ 89.9 | 2 34
Sex Female 85 |27.8

Male 221 | 72.2
Education Bachelor of science (B.Sc) | 249 | 81.4
Master of Science 54 | 176
PhD 3 1
Inputs sale 55 18
Methods to Delivery advisory 151 | 49.3
obtain income Farm monitoring activities 35 114
Office visit 9 2.9
Farm visit 118 | 28.6
Educational Group methods 89 |29.1
methods Use telephone 21 | 9.6
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Suitable office Yes 249 | 81.4
| in AA
place in AASC =3 57 186

Priorities attitudes of consultants about advantages of advisory services companies
indicated that improving farm management skills of farmers was ranked as the first advantage
(CVv=0.184), also increasing access to demand-driven extension services (CV=0.185) was
ranked as the 2, and increasing participation of farmers in planning and decision-making
process (CV=0.187) was in the next rank. Other findings are shown in Table 2.

Table 2. Advantages of AAS from farmers’ perception

Advantages mean SD | Coefficient | Rank
of variance
(CV)

Increasing farm management skills of farmers 4.33 0.80 0.184 1
Improving access to Demand-Driven extension | 4.32 0.80 0.185 2
services

Increasing participation of farmers in planning and | 4.26 0.80 0.187 3
decision making process

increasing the specialty of extension services 436 | 0.82 0.188 4
Increasing responsibility of extension consultants 428 | 0.86 0.200 5
Increasing bargaining power of farmers for acquire | 4.15 0.90 0.216 6
information and services

Providing rural development fields 3.66 0.84 0.229 7
Increasing the extension services to farmers 3.78 | 0.87 0.230 8
Reducing cost in public sector 3.84 | 0.97 0.252 9
Increasing quality of extension services 3.79 1.02 0.269 10
increasing incomes of farmers 341 | 0.93 0.272 11
Improving in public extension situation 3.66 1.04 0.284 12

Strongly agree=5,agree=4, intermediate=3, Disagree=2, Strongly disagree=1

Factor analysis is a general term for some multivariate statistical methods whose main
purpose was summary data. This method examines internal correlation in a large number of
variables, and eventually is explained in the form of general operating and restricted categories.
Performed calculations display that internal coherence is proportional (KMO=0.94) and the
Bartlett statistics is significant (y?= 2467.047 and P=0.000). To determine the number of factors,
special amount and percentage of variance was used.

Table 3 through using the ordinal factor analysis shows the classification of the factors into
four latent variables. The variables were classified into infrastructure, policy-making, socio-
cultural and financial. The basic idea of factor analysis is to find a set of latent variables that
contain the same information. The classic factor analysis assumes that, both observed and the
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latent variables are continuous variables. But, in practice, the observed variables are often
ordinal. Results shows these four factors have been explain 62.86% of the total variance in
reduce effectiveness of AASC (Table 3).

Table 3. Total variance explained

Rotation sums of squared loading
factor | total % of Variance | Cumulative %
1 3.985 22.13 22.13
2 2.930 16.27 38.40
3 2.344 13.02 51.42
4 2.057 11.42 62.84

Table 4 explained variance by each of the factors reducing effectiveness of AASC. As it can
be seen structure factors, policy-making factors, socio — cultural factors and financial factors
were identified as main barriers in the effectiveness of AASC (Table 4).

Table 4. Classification of factors by using ordinal factor analysis

Factor variables Variance by % of
name factor (%) | Variance
Lack of cooperation of other institutions and 0.642
organizations(public) with AASC
Lack of expert and technical personnel in AASC 0.671 22.13
Structural | Lack of coordination in the activities of public and 0.666
private sector
Lack of necessary facilities (vehicle) by the consultants 0.601
Lack of services to marginal farmers 0.623
Lack of subsidies and grants from the government for 0.731 16.27
Policy- companies and farmers
making | Lack recognition signed of AASC 0.713
Lack of executive power of AASC 0.590
Lack of monitoring and evaluation activities of AASC 0.664
Unhealthy competition between advisory agencies 0.652
Socio- Lack of trust in advisory services companies 0.541 13.02
cultural Illiteracy of farmers 0.662
Little attention to the needs of women farmers 0.540
Financial | High cost of consultancy services 0.715 11.42
Lack of credit and financial power of farmers 0.719

The first factor was called “structural factors”. This factor according to the special value
(3.985), which is higher than other factors, could explain 22.13% of the total variance. The
second factor was named policy-making. This factor according to the specific amount 2.93
could explain 16.27% of total variance. The third factor was named socio-cultural factors. This
factors according to the specific amount 2.344 could explain 13.20 % of total variance. The
fourth factor was named financial factor. This factor according to the specific amount 2.057
could explain 11.42% of total variance. Between these factors structural factors can cause the
most to explain the variance in the reduce effectiveness of AASC by respondents. So should
increase the effectiveness of AASC among farmers, necessary will be done some practices and
pointed to items mentioned by policy-making and extension-planners (Table 2)
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CONCLUSION

Advantages of using the services of AAS indicated that improving farm management skills
and enhancing productivity of farmers are the main advantages of using AAS. Also offering
consulting services based on demand of farmers and increasing participation of farmers in
decision- making and program planning were identified as other advantages of counseling
services. Therefore considering the cases and factors on the strengthening and developing of
consulting services is very crucial, since AASC can solve many of the challenges of farmers
and the agricultural sector. These findings also accord with studies of (Anderson, 2008;
Saravanan, 2001; Shekara, 2001; Sadighi, 2004; Rezvanfar and Arabi, 2006).

Results from factor analysis shows that barriers were infrastructure components, policy-
making, socio - cultural and financial factors. The most important barrier factor is the
infrastructure factor. Factors such as lack of cooperation with AASC from other organizations
(public organization), lack of specialists in the company structure, tasks interference with public
extension sector, lack of communication infrastructure (roads and ICT), and also shortage of
vehicles and equipment have been identified as barriers for infrastructure. Therefore to increase
efficiency of AASC these issues should be resolved. Also it is necessary that the consultants
should increase their technical competences. Also through the acquisition of funding sources it
is necessary for AASC to provide equipment. Finally missions and tasks of each sectors (public,
private) should be explained and determined. These finding also pointed by several authors, such as
(Hung, 1992; Walker, 1993; Arbenz, 2004; Povellato and Scorzelli, 2006; Naderlof et al., 2008;
Fealy et al., 2007).

The second barriers factor was named policy-making factor, that AASC face with. There are
issues such as lack of livelihood and subsistence farmers to advisory services, lack of subsidies
and financial assistance from the government to provide services to marginalized groups such
as women and rural youth, lack of executive power of Advisory companies, and lack of
sufficient credit for the signing of AASC from the other organizations. On the other hand the
lack of assessment and monitoring sector has caused many problems for AASC. Undoubtedly
providing appropriate plans and programs of government can enhance AASC. Use of
specialized assessment and evaluation committees to review the performance of consultants
and the increase of the executive power of AASC through obtaining funding, and the
recognition of the sign’ companies could reduce the problems that are classified as obstacles
factors in policy. Research findings are in compliance with this studies (Walker, 1993;
Beglarian, 2002; Rezaei 2005).

The third factor that barriers to the effectiveness of AASC among farmers was the socio-
cultural factors. Unhealthy competition between AASC, lack of trust farmers towards them, the
low educational levels of farmers and the problem of having access to women in order to
delivery advisory services were determined as socio-cultural barriers. So to solve this problem
AASC should increase their technical competences about farmers’ issues in order to increase
farmers’ confidence and trust toward them. Also it is highly crucial that female consultants
would be able to provide services to rural women. This finding also pointed by several authors, such as
(Hang, 1992; Walker, 1993; Ahmadi, 2001; Pamela et al. 2003; Rasouliazar and Fealy, 2009;
Waddington et al., 2010).

Financial factors such as high cost of consultancy services for farmers and lack of access to
financial resources by farmers were identified as financial barriers to the effectiveness of
AASC. So to reduce the financial barriers Governments must be considering strategies to
provide funding sources to farmers to develop agricultural activities (such as loans). Moreover
evaluation committee should be monitoring the services offered to farmers. Consultants also
must use other methods to provide cost of services such contract among farmers at the end of
the production process. Agricultural advisory services is a private sector to reduce problems of
public extension sector and improve farm management skills of farmers in Iran. Providing
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information and consulting services to farmers cause the increase of quality and quantity of
agricultural products. According to these issues the following suggestions will be presented to
increase acceptance and reduce problems of AASC. And increasing effectiveness of them. As
it was stated some of preventing problems will be solved through reform and changes in the
structure of AASC activities. Attention to these issues such as acquiring professional and
technical skills by consultants and employing female consultants could solve a part of the
problems which reducing the effectiveness of advisory services among farmers. Also the
policy-makers should develop facilitate mechanisms such as (providing supportive policies and
infrastructure development) to AASC.
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Abstract

The purpose of this study was to investigate the factors affecting the sustainable development
of water resources in the agricultural sector of Urmia. The statistical population of this study is
experts in agricultural service centers and Urmia Agriculture Jihad, whose number is 110
persons based on the information received. The method of sampling in this research was simple
random sampling. Morgan's famous table was used for sampling; therefore, the number of
statistical samples was 86. This research was a researcher-made questionnaire consisting of 5
units. The questionnaire was designed according to the hypotheses and objectives of the
research. After validation and validity, it was provided to the statistical sample to answer the
questions. For statistical analysis, inferential statistics methods have been used using 22Spss
software.

Research findings shows that ecological and infstracture components affective in the
sustainable development of water resources in the agricultural sector. Also research findings
showed the most ecological factors that affecting the sustainable development of water
resources in the agricultural sector is Fitness fitting with facilities and constraints and Covering
irrigation canals to prevent waste and evaporate water and also the most the Infrastructure
Influencing Factors on Sustainable Development of Agricultural Water Resources was
mitigating river flows" and the "repair and reconstruction of water transfer channels™ as well as
the "prevention of increased water evaporation in Irrigation of farms (such as irrigation at
appropriate times) was identified as the most important infrastructure components effective in
increasing the sustainable development of agricultural water resources from respondents' point
of view.

Keywords: Effective Factors, Sustainable Development, Water Resources, Iran

INTRODUCTION

Agricultural activities, while carried out at the present time, may lead to malnutrition and
hunger for future generations. For this reason, farmers need to devote more time to thinking,
planning and developing management in order to achieve a sustainable agri-agricultural unit.
Water is the main factor behind agricultural development, which accounts for about 70% of the
world's water consumption in agriculture. In many countries, including Iran, irrigation is one of
the main components of food production (Heydari, 2011).

Investigating the status of water resources and its management in Iran indicates that the country
is located in the world's arid regions and water shortage is the most important bottleneck of
agricultural development (Keshavarz et al., 2005).

The only source of the main sources of water in the country is the annual atmospheric
precipitation, which is accumulated in the form of surface waters in rivers and canals, and so
on. (Karpisheh, 2011). Therefore, a comprehensive and comprehensive approach to the
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improvement of sustainable water management and its effective factors is of crucial importance,
and effective water management is crucial to sustainable development. (Dungumaro and
Madulu, 2003). Due to its biological nature and its strong dependence on nature, agriculture is
the largest consumer of water resources in most countries. In our country, 93.5% of the water
resources are used in agriculture. In addition, water scarcity and pollution of water resources
transfer agricultural water to other sectors and the low water use efficiency in agriculture as a
crisis, which requires serious attention of authorities and public officials in the national arena.
Also, increasing demand for water and increasing periods of drought and human impact on
natural resources have posed a serious risk to the quantity and quality of water resources. In
this regard, the importance of rational management and utilization of water resources in terms
of sustainable development, especially sustainable agricultural development It can be said that
the shortage of water is the greatest dilemma of the world in the present century (Heidari, 2011).

Water is one of the most important factors in Iran's agricultural production; the amount of
rainfall in the country is such that in most areas without resorting to irrigation, agricultural
activity is not possible. Also, agriculture not only does not have acceptable performance
compared to other countries, not only in dryland areas, even in wetlands and modern networks,
which receive enough water. Considering that Iranian agriculture is heavily dependent on
irrigation; if the role of water is not considered in the development of the country, the food
security of the country will be faced with serious problems (Yusufi et al., 2011).

Water resources management is very important in agricultural development. From three
perspectives, water plays a key role in sustainable development. First, it is consumed as a final
product.

Second, water is an important input element in many businesses. The third reason of this
importance is the key role of water in living organisms on the planet. Sustainable
socioeconomic development in low water countries is limited to the availability of water and
the reduction of water quality. A resource in resource management can put development plans
at various parts of the economy at high risk. Perhaps because of the key role of water in
sustainable development, the fourth program of economic, social and cultural development of
the country has the water of intrinsic value and capital for exploitation, conservation and
recycling (SalimiFard and Mostafaei, 2012). The water workers in the city of Urmia, located in
the center of the province of West Azerbaijan, have been suffering from water scarcity in the
agricultural sector for some time now, due to the traditional and incorrect use of water resources
by farmers.

The agricultural sector is of particular importance in this city. The main source of water
supply for agriculture in this area is groundwater, but due to the excessive utilization of
groundwater, the annual decline in these waters is significant, and the major problems are the
unconventional harvest of the groundwater resources are more than the annual amount of
nutrition. Unofficial statistics of the existence of more than 400,000 wells in the country it says
that more than 130,000 unauthorized wells are harvested over 5 billion cubic meters of water.
In 2005, China, India and Iran ranked first to third in excess of groundwater resources.
According to the statistics reported by Iran Water Resources Management Company, the
amount of harvested from unauthorized wells was 3 billion and 400 million cubic meters, which
caused the depletion of groundwater table and negative balance in the country's large plains.
On the one hand, unbalanced feeding and harvesting and subsequent droughts have put a lot of
pressure on the reservoirs and lowered the level of underground aquifers and subsidence of the
plains of the area (Khalili, 2016). Population growth and socio-economic development increase
demand for services provided by the lagoon (Lake Urmia catchments) such as water and food.
Surplus water depletion and undeveloped underground water management can lead to water
shortages (Faramarzi, 2012). The decrease of atmospheric droughts and droughts in recent years
has destroyed the Niligan Lake Urmia. With the approach of summer and heat season, 50-mm
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reduction of rainfall during the current year of water in the West Azerbaijan, and especially
Urmia, due to the dryness of the lake, experts and custodians of the water supply area warned
of the occurrence of water crisis in the region. And the subject matter that has attracted much
attention in this area, considers the development of outsiders and unauthorized splits outside of
the city as one of the main threats to the area.

The reduction of water volume in Urmia reservoir to 155 million liters from 220 million

liters and a sharp decrease in the water level of Urmia also poses a serious challenge as Urmia
water now accounts for 40 wells and dams. The daily consumption of 192 liters per person in
the year 90, although lowered to 176 liters in the year 92, but with a 20 percent drop in
precipitation, it still exceeds global standards and water reserves in the province. Culture and
management of water use are needed in all sectors, in particular Household and agriculture.
Average water consumption in the country is 2000 liters in a second, while in winter this rate
in Urmia will rise to 1,700 liters and in summer to 2,700 liters, which will be a serious challenge,
along with a shortage of water reservoirs in Orumieh (Malikzadeh, 2014)
In this regard, the present study attempts to investigate the factors affecting sustainable
management of water resources in the agricultural sector in Urumia so that the results of this
research can finally be presented with effective solutions to increase the factors affecting the
sustainable development of water resources in the agricultural sector. Urmia achieved.

This research indicates that the factors affecting the sustainable development of water
resources affect Urumia agriculture.

RESEARCH METHOD

The purpose of this research is to apply applied research and also, from the point of view
of the nature of the method, is a descriptive-survey research type. Finally, in terms of data
collection, it is a type of field research (Azadanlou, 2009). The statistical population of this
study is 110 experts of Urmia Agricultural and Urban Agriculture Jihad Service Centers, which
includes all experts from experts in Agricultural Services and Jihad of Urmia. The sampling
was simple random and based on Morgan's table, the sample size was determined. 86 people
are determined. In this research, a researcher-made questionnaire was used to collect data and
information. In addition, in order to formulate and set up a researcher-made questionnaire,
firstly, an evaluation group (professors and experts) to prepare and set questions of the
questionnaire, their relationship with the subject, the goals and hypotheses of the research, and
the setting of questions in terms of the phrasing, clarity, induction. The researcher's opinion and
expression were not given. After several times, the final questionnaire was prepared and the
questionnaire questionnaire was prepared according to the independent and dependent variable
used in the research. Considering the fact that the researcher made questionnaire in this
research, such as Likert scale, Accordingly, the responses of respondents by giving scores are
very low (score 1), low (score 2), average (score 3), high (score 4), Very much (score 5) was
compared and analyzed.

RESULTS

According to data analysis, from 86 respondents to the questionnaire from Urmia service
centers and Jihad, 45 people are 3.52% male employees and 41 persons, 7.47% female
employees. Also, the frequency distribution of the respondents' age to the questionnaire in
Urmia service centers and Jihad, the youngest age of 24 years and the oldest age is 58 years.
Regarding the status of education, it can be said that the highest frequency is for graduate
degrees with 5.53% and the lowest frequency for higher education is 5.3%. Regarding the age
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of activities in the organization, the highest frequency is related to age 32 with 15.1% and the
lowest frequency is about 56 years old with 2.1%.

Regarding the frequency and frequency of education in Urmia service centers and Jihad, the
highest percentage of agricultural education is with 2.30% and the lowest percentage is in the
Watershed study program with 5.3%. The results also showed that the average work experience
of respondents to the questionnaire was 83.14, 1, and 35 years, at the service centers of Urmia.
The results showed that the mean of work in the water project respondents in the research is
32.1 and the lowest is 1 year and the highest responder is 2 years. Also, the average of
respondents ‘water experts in this study is 43.3 years and the lowest responder is 1 year and the
highest responder is 5 years; and the mean of respondents' depression in the current study is
37.1 years and the lowest responder is 1 year and the highest responder Has 2 years.

Prioritizing respondents’ views on the ecological factors affecting the sustainable
development of water resources in the agricultural sector

Prioritizing respondents' views about the factors affecting the ecology of the sustainable
development of agricultural water resources in Urmia showed that "the appropriateness of
cultivation with facilities and constraints™ and the "cover of irrigation canals to prevent waste
and water evaporation™ as well as exploitation From the wells that fit the facilities and
constraints "as the most important components of effective ecology in the context of increasing
the sustainable development of agricultural water resources from the viewpoint of respondents.

As the results show, the consistent fitting of cultivation with the facilities and limitations can
increase the sustainable development of agricultural water resources. Undoubtedly, having
proper cultivation facilities can provide the success of many projects in the agricultural sector.
On the other hand, having measures and predictions of critical situations such as droughts and
events that may occur under certain conditions, and will lead to certain measures in the
conservation and maintenance of water resources in times of crisis such as droughts in
increasing the proportion of crops with the constraints and facilities in the agricultural sector is
effective.

In the field of knowledge of exploiters, water degradation and environmental impacts have
been considered as an important factor in increasing the appropriateness of cultivation with the
facilities and constraints in the agricultural sector. Undoubtedly, the type of behavior of each
farmer against the items that is considered important for them can increase the water use
efficiency of the agricultural sector to implement water conservation and preservation
programs.

At the same time, the attention of experts as well as farmers to the environmental
consequences of water resources for agriculture can double the importance of maintaining water
resources with appropriate cultivation in agriculture for farmers. The results of the research are
consistent with Amirkhani et al. (2010), because in Amirkhani et al. Researches between the
variables of the meeting with the farmer in the village and the field, There is a positive and
significant correlation between participation in classrooms and educational and educational
lectures, scientific visits to networks and irrigation systems and tillage facilities, and watching
television programs with farmers' technical knowledge in the field of optimal agricultural water
managemen.
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Table 1. Prioritization of ecological factors affecting the sustainable development of water
resources

Standard | Coefficient
o . Rank

deviation | of variance

Fitness fitting with facilities and constraints 416 |0.76 0.182 1

Covering irrigation canals to prevent waste and

Items Mean

422 |0.80 0.189 2
evaporate water
Pipelining (_Jf wells in accordance with facilities 395 | 086 0.217 3
and constraints
Prevent the destruction of springs and aqueducts | 3.60 | 1.13 0.313 4
Fertile clouds of rain 3.16 |1.10 0.348 5

Likert Spectrum: Very Low: 1 Low: 2 Medium: 3 High: 4 High: 5 Source: Research findings

Prioritizing Respondents' Views on the Infrastructure Influencing Factors on Sustainable
Development of Agricultural Water Resources

The results of prioritizing the responses of respondents to the Infrastructure Influencing
Influencing Sustainable Development of Urban Water Resources in Urmia showed that the term
"mitigating river flows" and the "repair and reconstruction of water transfer channels"” as well
as the "prevention of increased water evaporation in Irrigation of farms (such as irrigation at
appropriate times) was identified as the most important infrastructure components effective in
increasing the sustainable development of agricultural water resources from respondents' point
of view. Infrastructure factors as the basis for implementing many programs and projects can
provide a platform for its success. Meanwhile, attention to controlling flowing waters in rivers
is of great importance. When water transfer channels are rehabilitated, and in order to prevent
evaporation of irrigation water properly and at the right time, experts will provide farmers with
the necessary information on the sustainable management of water resources and ways to
increase sustainable development of water resources in the agricultural sector, Water
Importance Farmers and villagers are more concerned with improving their irrigation practices.
The results of the research with AziziKhalkhali et al. (2009) According to research results,
AziziKhalkhali et al., Household size, dependency, education level, aquaculture, annual
agricultural income, extension contacts, social capital components, irrigation status of the
region and participation status; farmers in the field of network management Irrigation is
correlated with the issue of water resources management.
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Table 2. Prioritization of the Infrastructure Operating Facility Effects on the Sustainable
Development of Water Resources

tems Mean | deaton | of variance | <K
Containment of flowing waters in the rivers 402 |0.75 0.186 1
Repair of water transfer channels 408 |0.77 0.188 2
e e ey 336|070 |02 |3
Water rationing for agriculture 3.74 1081 0.216 4
Rainwater harvesting 3.69 |081 0.219 5
Improvement of farmland drains 3.81 |0.93 0.244 6
Use of wastewater treatment 3.22 0.99 0.307 7

Likert Spectrum: Very low: 1 Low: 2 Medium: 3 High: 4 High: 5 Source: research findings
DISCUSSION AND CONCLUSION

As it was found out, attention to the terms of each of these factors is necessary in areas such
as the appropriateness of cultivation with the facilities and constraints and the coverage of
irrigation canals to prevent the loss of water, and the evacuation of water and prevent the
destruction of springs and aqueducts, as well as fertilizing clouds of rain. These measures must
be taken in relation to the social context that exists at the community level.

In this regard, attention to the economic consequences of

Reducing water resources in the region and the consequences that it can bring to farmers will
be more effective. Because when farmers point out sources of funding and income for
livelihoods in line, they focus on unproductive methods for exploiting water resources.

In order to implement irrigation development projects for sustainable development of
agricultural water resources, attention should be paid to sub-structural issues, through the
formation of research teams and development companies specializing in the management of
flood waters in rivers and the restoration and rehabilitation of water transmission channels and
Also, preventing the increase of water evaporation in irrigating farms (such as irrigation at
appropriate times) can be effective in agriculture alongside farmers' communities.

Finally, it can be concluded that in order to achieve the long-term goals for sustainable
preservation and sustainable development of agricultural water resources in Urmia, the factors
affecting sustainable development ecology and infrastructure should be at the top of the issues
of high-level managers and experts. According to the findings of the research on the ecological
factor affecting the sustainable development of agricultural water resources in Urmia, attention
should be paid to measures to protect water resources during low rainfall and adequate water
storage for the agricultural sector, as well as covering irrigation canals and exploitation of well-
connected facilities. Factors affecting the sustainable development of water resources. The use
of consulting engineers and agricultural engineering companies to raise awareness among
farmers about the sustainable development of agricultural water resources as well as the
rehabilitation of water transmission channels and the restoration of drainage of farms.
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Abstract

Sleep is a vital body function, regulating several biological phenomena. Deprivation studies
are one of the ways used to examine the physiological functions and the regulation of the sleep.
Sleep deprivation is a stressor, and its’ effects depend on an individual’s prior sleep deficit and
distribution during the day. Sleep deprivation can be partial, total, acute, or chronic or
specifically focused on one of the sleep phases. Sleep deprivation affects a large spectrum of
vital systems such as thermoregulation, energy and mineral balance, and immunofunction.
Based on the fact that sleep is a very important process for the normal development of many
metabolic pathways, it is logical to think that insomnia has serious organism consequences.
Functional irregularities of different organs are always reflected in structural changes that can
be identified with imaging techniques. Imaging methods can also help identify problems of
animals insomnia.

Keywords: Radiology, Diagnosis, Insomnia, Sleep, Biology.

INTRODUCTION

Definition of sleep, sleep architecture and sleep profiles

We all understand what it means to be asleep, but it is not always obvious whether
observed animals are experiencing the same state. Sleep must be distinguished from circadian
changes in alertness controlled by the suprachiasmatic nucleus and other body clocks. Most
animals need to adjust their activity to optimal conditions of prey availability, predator threat,
sexual opportunities, temperature and other variables affecting survival that vary with time of
day. Adequate rest and sleep is essential for the welfare of young growing animals (Everson
1995; Rechtschaffen, 1998; Siegel; 2005). Sleep regulates the secretion of several hormones,
such as GH and glucocorticoids (Steiger, 2002), and is essential for brain development
(Mirmiran 1986; Morrissey et al., 2004; Siegel 2005). Defines mammalian sleep as an
individual that sustains quiescence in a species-specific posture accompanied by reduced
responsiveness to external stimuli, has a quick reversibility to the wakeful condition and
characteristic changes in the electroencephalogram (Zepelin et al., 2005). The behavioural
criteria consist of a lack of mobility or slight mobility, slow eye movements, characteristic
specifies-specific sleeping posture, reduced response to external stimulation, increased reaction
time, elevated arousal threshold, an impaired cognitive function and a reversible unconscious
state. Electrophysiologically sleep is split into two main phases: rapid eye movement sleep
(REM), also called a paradoxical sleep, or active sleep and non-rapid eye movement sleep
(NREM), also called quiet sleep, orthodoxical sleep, or slow wave sleep (SWS). In principal,
the smaller the animal and the northern it lives, the shorter the daily sleeping duration and the
shorter the REM-phases. The stimulus threshold to wake up from REM-sleep is higher than
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that of NREM, and thus a long REM-sleep period can be a threat to survival for prey species
other than those rodents species that sleep in nests (Allison and Cicchetti, 1976; Elgar et al.,
1988; Tobler, 1995). Primates often exhibit a mono- or biphasic sleeping rhythm while several
other species have a polyphasic rhythm, sleeping all over the day. Typical examples of
polyphasic short sleepers are our domestic ruminant species, such as cattle, sheep, and goats.
The sleep cycle consists of one or several REM and NREM phases. The cycle length is species-
specific. Sleep cycle lengths are short in farm animals, as in several prey animal species. Total
daily sleeping duration also varies between species. These differences between species depend
on several factors, such as time spent eating, and available food sources, digestion and
rumination, and ecological niche (Allison and Cicchetti, 1976; Elgar et al., 1988; ). Grazing
animals, for example are assumed to sleep less, as they need more time to consume large
amounts of low- calorie foods (Siegel, 2005). In mature mammals and birds, the sleep phase
usually starts with NREM and deepens during the REM phase (Zepelin et al., 2005). The young
of many terrestrial mammalian species sleep more and have more REM sleep than do older
animals (Siegel, 2005). Sleep is essential for brain development, and REM sleep is connected
to the early developmental phase (Mirmiran, 1986; Morrissey et al., 2004). Young animals
have also higher need for energy conservation acquired through sleep. Precocial young
mammals, such as bovine calves, are suggested to spend proportionally less in REM sleep from
their total sleep time than do young altricial mammals (Siegel, 2005).

Functions of the different sleep phases and effects of deprivation

Sleep is a vital body function, regulating several biological phenomena. Many theories have
been presented to explain the function of sleep and sleep phases. Most theories assume that
sleep serves the same functions for all animal species (Siegel, 2005). Deprivation studies are
one of the ways used to examine the physiological functions and the regulation of the sleep.
Sleep deprivation is a stressor, and its’ effects depend on an individual’s prior sleep deficit and
distribution during the day. Sleep deprivation can be partial, total, acute, or chronic or
specifically focused on one of the sleep phases. Sleep deprivation affects a large spectrum of
vital systems such as thermoregulation, energy and mineral balance, and immunofunction
(Bonnet, 2005). If sleep loss is chronic, depriving individual animal totally from sleep or
selectively from REM or NREM sleep, experimental animals will die within a month due to
infections or metabolic disorders. Hormones, which are dependent on sleep, loose their
secretion rhythm. Several sleep-related hormonal secretions, such as GH and prolactin,
diminish, when sleep is deprived. The body temperature decreases before an individual falls
asleep, but during sleep deprivation, the body temperature remains around the normal level
(BONNET 2005). During NREM sleep, body metabolism slows, body temperature decreases,
and oxygen consumption diminishes, so that energy is conserved (Shapiro and Flanigan, 1993).
Brain glycogen storage is restored during NREM sleep (Benington and Heller, 1995) and
anabolic processes accelerate (Shapiro and Flanigan, 1993). NREM sleep may also play a
central role in neurogenesis; REM sleep occurs proportionally and absolutely more during early
development, and secures neuronal development (Siegel, 2005). Biological rhythms, such as
hormonal fluctuation and rest-activity or sleep rhythms, are generated by an internal system.
Biological rhythms are classified as circadian, with a cycle of approximately 24-hours, and
ultradian, with a cycle less than 24 hours. The main regulator, pacemaker, is in the
suprachiasmatic nuclei (SCN). The SCN is situated in the hypothalamus, just directly above
the optic chiasm (Buijs et al., 2003). The suprachiasmatic nucleuos functions already in fetuses
such as in lambs (Yellon and Longo, 1987). The main regulators for the SCN are external light
and feeding. Other factors that synchronize the circadian system are, for example, nutrition,
hormone feed-back mechanisms, activity, and social cues (Buijs et al., 2003). Sleep onset
stimulates GH secretion, but the hormones of the somatotrophic axis are also involved in sleep
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regulation in a complex way. GHRH, for example, stimulates slow wave sleep and slow wave
activity, and GH increases REM sleep. The secretion of GH increases during sleep independent
of the circadian sleeping cycle, and sleep deprivation diminishes the GH release. In humans,
however, a day time GH secretion increases after one night of sleep deprivation, thus partly
compensating the loss.

Cytokines are proteins produced by leukocytes and other cells functioning as intracerebral
mediators that may play an important role in immune and sleep regulationl. Several cytokines
(e.g., interleukin or IL, interferon alpha or IF-o and tumour necrosis factor or TNF) have been
shown to promote sleep (Kapsimalis et al., 2008). There are however, other sleep-promoting
substances called sleep factors which increase in concentration during prolonged wakefulness
or during infection and enhancing sleep. These factors include delta sleep-inducing peptides,
muramy| peptides, cholecystokinin, arginine vasotocin, vasoactive intestinal peptide, growth
hormone-releasing hormone (GHRH), somatostatin, prostaglandin D2, and adenosine. There
is evidence that cytokines play an important role in the pathogenesis of excessive daytime
sleepiness (EDS) in a variety of sleep disorders and in sleep deprivation. Increased production
of pro-inflammatory cytokines (IL-6 and TNF-a) have been noted during sleep deprivation
causing excessive sleepiness. Viral or bacterial infections causing EDS and increased NREM
sleep are associated with increased production of TNF-a and IL-B). Increased sleepiness and
disturbed sleep in other inflammatory disorders such as HIV infection and rheumatoid arthritis
are associated with increased amounts of circulating TNF-a. Several authors suggested that
excessive sleepiness in obstructive sleep apnoea syndrome, narcolepsy, insomnia or idiopathic
hypersomnia may be mediated by cytokines such as IL-6, TNF-o . The neuroanatomical
substrates of REM and NREM sleep and wakefulness are located in separate parts of the central
nervous system5. There are no discrete sleep-wake promoting centers but these states are
produced by changes in the interconnecting neuronal systems modulated by neurotransmitters
and neuromodulators. Insomnia is the most common sleep disorder affecting the population
and is the most common disease encountered in the practice of sleep medicine. Insomniacs
complain of difficulty initiating and maintaining sleep, including early morning awakening and
non-restorative sleep occurring 3-4 times per week persisting for more than a month and
associated with an impairment of daytime function. Acute insomnia may be associated with an
identifiable stressful situation. Most cases of insomnia are chronic and co-morbid with other
conditions which include psychiatric, medical and neurological disorders (Rechtschaffen,
1998).

The true function of sleep is still being discussed, but sleep undoubtedly affects the
endocrine and metabolic systems and the immune function (Rechtschaffen et al., 1983;
Bergmann et al., 1989).

Total sleep deprivation in animals

The first report on the total chronic sleep deprivation in rats dates back to 1962
(BERGMANN et al., 1989). The animals were kept awake for 27 days, which led to aggressive
behaviour, decreased body mass gain and impairment of the startle response. The most detailed
analysis of sleep deprivation was based on data deriving from well designed, several-year
experiments conducted by Bergmann and Rechtschaffen (Webb 1962; Everson et al., 1989).
The experiments were performed using the diskover- water method, with a rat being placed on
a disk over a layer of water, and a polysomnograph signal setting the disk into motion whenever
an initiation of sleep was recorded (Cirelli et al., 1999). The sleep deprivation obtained using
this procedure made up 70-90% of the experiment time and led to the death of the animals
within 2-3 weeks. In the course of the experiment, weight loss was observed despite an
increased food intake, as well as pathological skin reactions on the tail and paws and a bad
condition of the fur. Initially, body temperature was elevated, but it decreased during the period
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preceding death. Plasma levels of the thyroid hormones decreased significantly and heart rate
increased. At the same time, no stress symptoms, such as stomach ulcers, elevated ACTH or
corticosterone levels, or decreased metabolic rate, could be observed during the experiment
(Everson et al., 1989a; Cirelli et al., 1999). Rats died within 11-32 days (16-21 days on
average) from the onset of deprivation, a period comparable to that of food deprivation with
lethal effects (17—-19 days). However, histopathological findings did not reveal any cause of
death (28-30). The animals which survived acute deprivation (that were eventually allowed to
sleep) showed a dramatic compensatory increase in the REM sleep (Lyamin et al., 2005). The
other symptoms subsided within 24 hours, which indicates that the sleep deprivation did not
exert destructive effects either on the cells, the neurons or the vital organs. Nonetheless, a
complete recovery of the pre-deprivation levels of the particular sleep stages, or of the heart
rate and body temperature, lasted several days (Marinesco et al., 1999; Lyamin et al., 2005).
An interesting exception to the rule can be observed among marine mammals: despite the
periodic, significant sleep restriction, they do not experience the recovery sleep that would be
a typical reaction to prolonged wakefulness, as well as to 4 NREM or REM sleep deficiency,
in terrestrial mammals. The seals, for example, when staying in the ocean, can function well
for several weeks despite the fact that they exhibit a considerably low duration of the REM
sleep. Their sleep architecture changes immediately after they come back to the land.
Unihemispheric slow-wave sleep (characteristic of dolphins and whales) is replaced by
alternate NREM and REM phases. The sleep time typical for terrestrial conditions is
immediately restored, and no symptoms of developing the recovery sleep can be seen (Rampin
et al., 1991). Similarly, no rebound sleep occurs in infant dolphins and their mothers who
refrain from sleeping throughout the period from the delivery till the youngsters achieve some
self-sufficiency, which can last several weeks (Newman et al., 2008). The ability to withstand
sleep deprivation is dependent on the species-related natural sleep characteristics regarding the
duration and quality of sleep. For instance, large ungulate herbivores have a short, shallow and
intermittent sleep, while predators usually sleep long and deeply. The relationship between
sleep deprivation and the level of stress has not been fully explained, although the latter may
have a varying influence on the compensation for sleep deficits. In a study reporting on
wakefulness maintained through immaobilization for 0.5 to 4 hours, the recovery sleep became
significantly shorter when the immobilization period reached its maximal duration (Siegel,
2008). Two-hour immobilization repeated on the consecutive days of the experiment produced
similar effects. However a single 2-hour immobilization resulted in an 92% increase in
paradoxical sleep within the following 10 hours, whereas a 2-hour wakefulness, maintained
using standard methods (disk or gentle handling), did not significantly affect the sleep that
followed (Rechtschaffen and Bergmann 2002). Rats appear to be particularly vulnerable to
sleep deprivation enforced using the moving disk method, since in other animals (pigeons), the
changes observed after 24-29 days of this procedure were not as severe as in rats (Newman et
al., 2008). Other deprivation procedures were not lethal either to rats or other laboratory
animals although this may have been due to the significantly shorter periods of deprivation
under other experimental conditions or to the difficulties in achieving total sleep deprivation.
In animal experiments, sleep deprivation induced an increased rate of systemic metabolism,
which led to reduced body mass despite an increased food intake, even if the animals were
provided with food that was rich in proteins and calories. Both in the total and selective
deprivation of REM sleep in rats, the plasma concentrations of the thyroid hormones, mainly
thyroxine and triiodothyronine, decreased considerably.
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CONCLUSION

Hypothetical radiological findings

Based on the fact that sleep is a very important process for the normal development of many
metabolic pathways, it is logical to think that insomnia has serious organism consequences.
Functional irregularities of different organs are always reflected in structural changes that can
be identified with imaging techniques. We think that there are many pathological and
nonpathological conditions that provoke sleeplessness in dogs and cats. Imaging methods can
also help identify problems of animal fatigue. To concretize these hypotheses, extensive studies
are needed.
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ABSTRACT

Sunflower is one of the most important oilseed crops due to high oxidative stability of its oil
with high oleic acid content. Determination of high oleic sunflower by standard methods such
as gas chromatography is time consuming and expensive. On the other hand, marker-assisted
selection analysis with molecular markers associated with high oleic acid trait is a useful and
powerful tool in order to facilitate sunflower breeding programs. For the purpose of genotyping
the sunflower genotypes for high oleic content four molecular markers were used; SSR marker,
HO PCR specific fragment, INDEL markers (FAD2-F4/FAD2-R1 and FAD2-NF/FAD2-NR
and FAD2-I1S-F/FAD2-1S-R primer set). The results showed that high oleic containing hybrids
expressed a specific SSR band at 246 bp length and also HO PCR specific fragment at 870 bp
length. INDEL marker FAD2-F4/FAD2-R1 has an insert specific band at 653 bp length. The
results were also confirmed by estimating the fatty acid composition. The results of this work
allowed to validation of three DNA markers in sunflower inbred lines for high oleic acid traits.
According to results, showing the insertion site which is linked to the Pervenets mutation by
the insertion specific PCR primers is more reliable than the SSR marker for selection of the
high oleic type sunflower genotypes.

Keywords: Helianthus annuus, INDEL markers, Marker-assisted selection, SSR, Oleic acid
composition

INTRODUCTION

Vegetable oils are necessary mainly for food and industry. They are mainly composed of
triacylglycerol carrying saturated, monounsaturated and polyunsaturated fatty acids. Sunflower
oil which is one of the most important oil in the world contains high level of unsaturated fatty
acids [linoleic acid (48-74%); oleic acid (14-40%)] and also saturated fatty acids [palmitic acid
(4-9%); stearic acid (1-7%)] (Singchai et al., 2013; Nagarathna et al., 2011). Sunflower oil used
for both human and non-food purposes in the world. It is desirable for human consumption
because of its favorable fatty acid composition (Baydar and Erbas 2005). Oleic type sunflower
production and high oleic sunflower oil consumption started rapidly both for healthy frying oil,
and also non-food purposes in recent years (Vannozzi 2006). High oleic type vegetable oils
also have longer shelf life than standard vegetable oils (Kaya et al., 2012). High oleic type
vegetable oil containing diets have been reported to be most effective for preventing
cardiovascular diseases (Delplanque et al., 1997; Broun et al., 1999). Classic sunflower
varieties are low oleic type (LO) whereas new varieties that are qualified as high oleic (HO)
have been developed. Increase of oleic acid content has become one of the major goals to
improve vegetable oil quality (Lacombe et al., 2004). In order to reach this aim, Sunflower
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lines and hybrids which have high oleic acid content in their seeds have been obtained by
selection programs from HO (High oleic) Pervenet mutant by chemical mutagenesis (Soldatov
1976). The phenotypic determination by fatty acid analysis does not allow rapid and early
determination of HO genotypes and also cannot provide differentiation of homozygotes from
heterozygotes for the mutation (Bilgen et al., 2018). The use of molecular markers has become
popular tool for the genetic and breeding studies because of being rapid, cheaper and simple
when appropriate markers were developed (Varshney et al., 2005). Therefore, marker assisted
selection (MAS) analysis is necessary at genomic level allowing rapid and earlier
determination of homozygous HO genotypes for sunflower breeding studies. The aims of study
are characterization of sunflower genotypes with high oleic acid content by different DNA
markers and evaluate the effectiveness of three markers developed by Berville et al. (2009) and
Schuppert et al., (2006).

MATERIAL AND METHODS

Plant materials

For the purpose of screening on high oleic acid genotypes, around 250 F4 (K2-AD-SN-26)
sunflower individuals obtained from a cross between high oleic acid and low oleic acid lines
were used. All genotypes were screened by SSR primer and selected 27 genotypes were
screened by 3 primer pairs in order to compare effectiveness of different markers. Leaves were
collected from the field, labeled with individual number and stored at -80°C until use.

DNA isolation

Before DNA isolation leave samples were homogenized with Retsch® Model MM300 Mixer
Mill. i-genomic Plant DNA Extraction Mini Kit was used for DNA isolation from all samples.
Concentration of each DNA was measured with Qubit® 2.0 Fluorometer and the quality of
DNA was checked by 1% agarose gel electrophoresis, stained with RedSafe Nucleic Acid
Staining Solution and visualized by Gel Imaging System Vilber Lourmat Quantum ST5. Each
of the extracted DNA was diluted as 50 ng per pl and was stored at -20 °C for later uses.

PCR analysis

Genotyping of high oleic (HO) and low oleic (LO) sunflower individuals was performed
with 3 primer pairs; SSR (N1-1F/N1-1R), HO PCR specific fragment (N1-3F/N2-1R) and
INDEL marker (FAD2-F4/FAD2-R1) that were chosen from the patent obtained by Berville et
al. (2009) and Schuppert et al., (2006) (Table 1). Amplified PCR products were controlled by
2% agarose gel electrophoresis, stained with RedSafe Nucleic Acid Staining Solution and
visualized by Gel Imaging System Vilber Lourmat Quantum ST5. SSR (N1-1F/N1-1R)
fragments were scored in a Beckman Coulter GenomeLab™ GeXP Genetic Analysis System
and fragment sizes were calculated by its Software (Figure 1).
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Table 1. Characteristics of markers used to analyze HO and LO sunflower genotypes

No | Primer type |Primer name Primer Sequences (5° 2> 3°)

1 SSR N1-1F TTGGAGTTCGGTTTATTTAT
N1-1R TTAGTAAACGAGCCTGAAC

HO PCR
5 specific N1-3F GAGAAGAGGGAGGTGTGAAG
primer N2-1R AGCGGTTATGGTGAGGTCAG

3 | INDEL marker FAD2-F4 GTAACGTCTGCGCGCTTGCAGACATCA

FAD2-R1 GGTTTTGCATGAGGGACTCGATCGAGTG
a) b)

c)

Figure 1. DNA fragment analyses results for Stljdiéd sunflower genotypes.

RESULTS

The Pervenet mutation was labeled by the polymorphism of the SSR locus located on the
A12-desaturase gene intron (Berville et al., 2009). Alleles and genotypes of studied sunflower
individuals were determined for analyzed SSR (N1-1F/N1-1R) locus. According to DNA
fragment analysis for SSR locus 246/246 Homozygous (239 genotypes), 243/243 Homozygous
(2 genotypes) and 243/246 Heterozygous genotypes (4 genotypes) were identified. 27 selected
sunflower genotypes were also screened with HO PCR specific fragment (N1-3F/N2-1R) in
order to confirm HO sunflower genotypes. The Pervenet mutation was labeled by the 870 bp
PCR fragment across the 5’ insertion point by HO PCR specific fragment (N1-3F/N2-1R)
(Berville et al., 2009). The results showed that high oleic containing sunflower individuals (HO
genotypes) showed a specific band at about 870 bp length which was absent in low oleic (LO)
genotypes (Table 2). The third primer pair, INDEL marker (FAD2-F4/FAD2-R1), were used
for screening 27 selected sunflower genotypes again in order to confirm HO sunflower
genotypes. The F4/R1 amplicons were approximately 653 bp long in HO genotypes and this
specific band was also absent in LO genotypes (Table 2, Figure 2). The results were confirmed
by determination of fatty acid composition using gas chromatography in all the studied
individuals (Table 2).
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Table 2. Marker assisted selection (MAS) and Gas Chromatography (GC) results of selected
F4 (K2-AD-SN-26) sunflower genotypes

Sample SSR HO PCR specific primer | INDEL marker | Oleic acid
number | (N1-1F/N1-1R) (N1-3F/N2-1R) (FAD2-F4/FAD2- | content

(~870 bp) R1) (~653) (%)
10 246 + + 87.5
13 246 + + 57.4
15 246 + + 83.1
25 246 + + 55.9
28 246 + + 62.1
37 246 + + 59.5
49 246 + + 62.6
58 246 + + 55.1
67 246 + + 56.7
70 246 + + 54.1
78 246 + + 81.6
80 246 + + 54.4
84 246 + + 54.1
87 246 + + 59.8
110 243/246 + + 54.9
122 246 + + 84.7
125 246 + + 57.9
140 246 + + 70.2
180 246 + + 89.4
193 246 + + 90.8
195 246 + + 65.9
199 246 + + 64.4
208 246 + + 88.1
210 246 + + 72.5
211 246 + + 88.2
226 246 + + 68.1
239 246 + + 89.7

180 193 195 199 208 M0 211 226 238 | 130 B

1

---.‘..._..___.._.m

Figure 2. PCR amplification of HO and LO sunflower genotypes with INDEL primer pair
(FAD2-F4/FAD2-R1)
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DISCUSSION

Various sunflower lines and hybrids have been studied to distinguish HO genotypes from
LO genotypes by different researchers and molecular marker types such as RAPD or SSR
(Dehmer and Friedt 1998; Schuppert et al., 2006; Berville et al., 2009; Nagarathna et al., 2011;
Grandon et al., 2012; Singchai et al., 2013). Dehmer and Friedt (1998) were used RAPD
markers (OP-AC10 and OP-F15) in order to differentiate HO and LO genotypes. Nagarathna
etal., (2011) studied around 350 sunflower genotypes including RHA-lines, cms lines, inbreds
and germplasm lines to screening on high oleic acid. In Nagarathna et al., (2011) For the
purpose of genotyping the sunflower lines for high oleic content, HO PCR specific fragment
(N1-3F/N2-1R) were chosen and also the seeds were used for the determination of fatty acids
(linoleic acid, oleic acid, palmitic acid and stearic acid) using gas chromatography. They
reported that the genotypes having a specific band (at 800 to 900 bp) showed high oleic content.
Singchai et al., (2013) studied the developed lines that used as the representative of low and
high oleic acid sunflowers for genotyping. They screened thirty seven SSR primers including
34 primers of ORS set, 2 primers of HA set and N1-3F/N2-1R primer to identify DNA samples
from two lines (high and low oleic acid contents). Out of the 37 SSR primers screened for
polymorphism, 10 SSR primers including N1-3F/N2-1R generated differentiating bands
between the high and low oleic content lines. With the 10 SSR markers they studied, Singchai
etal., (2013) reported that it is possible to identify the genetic markers linked to high oleic acid
trait which may be useful for further sunflower breeding program. Dimitrijevic et al., (2017)
studied F13-R5 and F4-R1 (Schuppert et al., 2006), and Fsp-b-R1 primer (Lacombe et al.,
2009) in order to MAS analysis of F1 and F2 generations that were obtained from crosses
between standard linoleic and high oleic parents. They concluded that F4-R1 primer pair was
very effective to select HO genotypes. The MAS and GC analysis results of our study were
compatible with other studies in the literature.

CONCLUSIONS

Our study has shown that studied 3 primer pairs were effectively select HO sunflower
genotypes from LO genotypes. However, 246 bp SSR band can be found in some LO sunflower
varieties. So, the SSR marker is able to indicate the Pervenets mutation but not in all the
sunflower varieties. Pervenets mutation results from an insertion of a DNA sequence into a
region at the downstream of the Al12-desaturase gene. The HO PCR specific fragment and
INDEL marker showed the presence of the inserted sequence and they are able to detect HO
varieties more confidently than the SSR marker.
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ABSTRACT

The Albanian water frog, Pelophylax shqipericus, is a species of true frog (family Ranidae)
and is native to Albania and Montenegro. This frog is an endangered species and its populations
are currently in decline. Significant threats to its habitat are presented by pollution and by
drainage of wetlands, and a more direct threat is the aggressive collection of the species for
commercial purposes. Assisted Reproductive Technologies (ART) encompasses a range of
techniques that manipulate reproductive endocrinology, gametes, and embryos, for the purpose
of enhancing reproductive success. The aim of this study is the stabilization of the protocol to
be used in the in-vitro fertilization the Albanian water frog and the recognition of some of the
factors that play a crucial role in the success of this technique. This study investigates the
activation and in-vitro fertilization of eggs of Pelophylax shqipericus obtained by hormonally
induced ovulation. Also, here we show that the egg jelly structure is one of the major factors
in the achievement of fertilization in the water frog P. shqipericus. Definition of morphology,
sperm concentration and fertilization of eggs through the technique of direct spray with the
extract of macerated testicles increases significantly the success of the technique. Finally,
applied in-vitro fertilization protocol showed a 27% success rate. By using the in-vitro
fertilization technique (IVF), we can give a contribution to the protection and conservation of
the critically endangered Albanian water frog. The transfer of this technology and production
of endangered amphibians is a conservation milestone that can be applied to other captive
breeding programs.

Keywords: Pelophylax shqipericus, In-vitro fertilization, Assisted reproductive technologies,
Conservation

INTRODUCTION

Declines in amphibian populations is a global phenomenon in conservation biology, and it
can bear significant implications for the functioning of many terrestrial ecosystems, and may
signify important implications for human welfare. Amphibian species world-wide are declining
at an alarming rate due to habitat destruction, environmental pollution, ultraviolet exposure,
and pathogenic agents (Daszak et al.,1999; Morell, 2001; Kiesecker et al., 2001). In response
to this crisis, in the last decade development of assisted reproduction technologies (ART) has
gained considerable interest. Although amphibian ART is a relatively new field of study,
several recent advancements in protocol development have led to significant conservation
achievements such as the production of endangered tadpoles from frozen-thawed sperm or the
release of thousands of tadpoles produced by in-vitro fertilization (Kouba et al., 2009, 2013;
Kouba and Vance, 2009). When applied effectively, ART could result in increased breeding
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efficiency, reduced costs, halt loss of genetic diversity, reduce mate-pairing issues, and
possibly even reject extinction as the only scenario for critically endangered species.

Anurans are characterised by external fertilisation, which is the ancestral condition in
amphibians (Wells, 2007). Understanding the factors that affect fertilisation success, and how
to manipulate these factors to enhance species propagation, is therefore a critical research
priority in conservation biology. Reproductive success for amphibians requires that
spermiation, ovulation, oviposition, fertilization, embryonic development, and metamorphosis
were accomplished (Whitaker, 2001). The hormone hCG induces spermiation in a wide variety
of toads and frogs (McKinnell et al., 1976; Easley et al., 1979; Clulow et al., 1999; limori et
al., 2005; Browne et al., 2006a, 2006b; Pozzi et al., 2006) and is commonly used in the
commercial breeding of Xenopus laevis (Schultz and Dawson, 2003). The sperm-egg
interactions occur in the egg-jelly at fertilization and the egg-jelly prevents excess sperm from
reaching the egg-surface after the egg is spawned into water. Sperm are prepared for
fertilization before they reach the egg surface by a series of interactions with the egg
extracellular matrix (Katagirl, 1987; Hedrick and Nishihara, 1991).

Pelophylax shqgipericus, the Albanian water frog, is an endangered species and known
populations are currently in decline. Significant threats to its habitat are presented by pollution
and by drainage of wetlands, and a more direct threat is the aggressive collection of the species
for commercial purposes (Szabolcs et al., 2017). To address the problem of extinction of some
important amphibian species in Albania, assisted reproductive technology has been applied
successfully (Turani and Aliko, 2015; Turani et al., 2018). In an effort to conserve declining
populations of amphibians in Albania, the development of protocols for the IVF is of great
interest. The present study aimed to advance our understanding of how to optimize the
fertilization rate and to maximize fertilization success in the endangered Albanian water frog
Pelophylax shqgipericus.

MATERIAL AND METHODS

Animals

All frogs used in the experiment were captured during the breeding season in May 2017.
Pelophylax shqipericus were obtained from a pond near Scadar Lake (42°10N
19°19E/42.167°N 19.317°E) in the north-western part, Albania. Between the capture procedure
and the start of the experiment, frogs were kept in boxes (40x37x60 cm) separated by sex, on
a 12-h/12-h light/dark cycle at 18°C-20°C. Animal maintenance and experimental procedures
were in accordance with the Guide for Use and Care of Laboratory Animals (European
Communities Council Directive 86/609/EEC) and national and institutional guidelines for
animal welfare (Act No. 10465, 29/9/2011: “On the Veterinary Service in the Republic of
Albania”).

Experimental design

In-vitro fertilization were carried out by following the procedure described by Berger et al.
(1994). Two days before the experiment, females and males were weighed, and their snout-
vent lengths (SVL) were measured to the nearest 0.1 mm. Both sexes were subcutaneously
injected with approximately 100 ml/10 g bodyweight of the human hormone hCG (Silla et al.,
2012) in a concentration of 1 mg/100 ml isotonic saline solution. In females, this induces
ovulation within 48 h; in males, it has a positive effect on sperm motility. Thereafter, animals
were kept individually in covered plastic containers (20x11.5x7.5 cm) fitted with a moist paper
towel. All artificial fertilization experiments were conducted at room temperature (21°C).
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Gamete collection and quality assessment

After acclimatization in the laboratory, male frogs were double-pithed, and their testes
removed. Both testes were dissected, weighed to the nearest milligram and temporarily stored
in 13 ml Holtfreter’s solution (0.059 M, NaCl; 0.00067M KCI; 0.00076M CaCl2; 0.0024M
NaHCO3). Testes were crushed in 5-15 ml of chilled (13°C) Holtfreter’s solution, thoroughly
carved up with pincers, and the sperm released into a 50 mm Petri dish with 1 ml Holtfreter’s
solution. Testes crushes have long been used to efficiently obtain high numbers of mature
sperm in amphibian embryology (Rugh, 1948), and this method of sperm collection has been
widely used in amphibian fertilization and sperm quality studies (e.g. Browne et al., 1998;
Edwards et al., 2004; Hettyey and Roberts, 2006). The sperm concentration was standardized
by dilution with Holtfreter’s solution to approximately 8 x106 sperm/ml and was controlled
(deter-mined by hemocytometry). Sperm were stored on ice until use. Eggs were gently
squeezed from the gravid females and the mucous capsules of five selected eggs from each
female were dissected from the ovum and vitelline membrane. The oocytes pass through the
oviduct where the jelly layers required for fertilization are acquired (Caputo et al., 2001). The
capsules and jelly were macerated with filtered tap water in Eppendorph tubes, vortexed for 1
min, centrifuged and placed on ice. The eggs are allowed to develop at the room temperature,
in 100 mm Petri plates moistened with antibiotic solution with 25 pg/ml amphotericin B, 10
U/ml penicillin and 10 pg/ml streptomycin.

Sperm morphology

To determine the morphology of Pelophylax shqipericus sperm, two to three drops of the
single-male sperm suspensions used for the in-vitro fertilization were pipetted onto microscope
slides and allowed to dry for later sperm-size measurements. Five slides of the seven males
were examined under a KN-100TC, Kyowa, Tokyo fitted with a YCU-300F 3CCD camera
that relayed images to a PC running ImageJ software, which was used to make all
measurements. We measured the flagellum and head length (1 microns) of 100 sperm cells and
calculated the total sperm length and the tail-to-head length ratio.

Sperm survival

For measuring sperm survival, sperm suspensions were prepared by crushing the dissected
testes into petri dishes with 0.5 ml aged tap water. To filter out larger tissue pieces that might
hinder subsequent sperm counting, we washed the sperm suspension through a filter (hole
diameter: 100 mm) into an Eppendorf tube with aged tap water and diluted it to 0.5 ml. Sperm
suspension (5 ml) was pipetted from Eppendorf tubes onto microscope slides after 5 min (t0),
and again after 3, 8, 24, 48h. To reliably distinguish between living and dead spermatozoa we
pipetted 5 ml of 1% neutral red solution onto each sperm solution (Romeis, 1948).

In vitro fertilization (IVF) experiments were carried out by using the sperm prepared as
above and eggs were placed in 60 x 15-mm Petri dishes and covered with 5 ml of Holtfreter’s
solution (20-30 oocytes per Petri dish). By using the pipete the sperm were placed directly on
top of each egg. Alternatively, by using a syringe 28G, 13 mm long, drops the sperm are
injected under the egg jelly coat. Pre-incubation of sperm with egg jelly was accomplished by
vigorously vortexing the jelly from one egg in 100 ul of Holtfreter’s solution. Sperm was then
incubated for 10 min in the jelly/buffer supernatant and then injected under the jelly coat.

The yield of fertilization is estimated as a percentage of 3-6 of the larval stages formed after
6-8 hours after the application of spermatozoids on the egg. The counting of formed embryos
and unfertilized eggs was done under a stereomicroscope. Fertilization success is evident after
20-50 min when the black animal hemisphere of fertilized eggs rotates to the top. At this time,
we added enough aged water to cover the eggs completely. To calculate the fertilization
success, we first counted the total number of eggs in the petri dish and then, after the first
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cleavage was visible (usually after 3 h), all fertilized and unfertilized eggs. The eggs were
evaluated as successful fertilized when they reach neural stage (stage 14 according to Gosner)
(Gosner, 1960). After this stage, the eggs were transferred from Petri dishes into plastic
containers (20 x 11.5 x 7.5 cm) that were filled with aged water to a height of 2 cm. Water in
the containers was changed periodically during development of the eggs.

RESULTS

We were able to obtain an in-vitro fertilization efficiency of 27% by simply mincing the
testes and adding them directly over the eggs.

Table 1. In vitro fertilization of P. shqipericus eggs

Fertilization protocol Number Cleaved
tested eggs | embryos (%)

1. Sperm solution injected under the jelly coat | 37 0
2. Sperm pre-incubated in jelly buffer and | 45 8 (17.7)
then injected under the jelly coat
3. Testes minced directly over eggs 30 8 (27)

TOTAL 112 16 (14.3)

Fertilization
protoco| 1 Fertilization

';o_ protocol 2

[ Fertilization protocol 1

Fertilization - Total
protocol 3

Fertilization protocol 2

Fertilization protocol 3

Figure 1. In vitro fertilization rate of Pelophylax shqipericus

Sperm concentration may play a role in fertilization efficiency. We also examined the
possibility that a component of the egg jelly coat may be important for sperm capacitance. To
test this, we incubated sperm with Holtfreter’s solution and jelly, or Holtfreter’s solution alone,
and injected this under the jelly coat of eggs. When we injected the sperm with Holtfreter’s
solution alone, under the jelly coat of eggs, no fertilization happened at all. None of 37 fertilized
eggs were developed to embryo, thus the fertility rate was 0%, while pre-incubation of sperm
with an extract of the jelly coat in Holtfreter’s solution resulted in a fertilization yield of 17.7%.
This procedure boosted egg fertilizability to near the levels of fertilization by directly spray
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with the extract of macerated testicles (27%), and suggests that interactions between sperm and
the jelly coat may play a role in sperm capacitance and subsequent fertilization (Fig.1).

A total of 112 eggs was fertilized and put immediately under culture conditions for further
maturation. Furthermore, 16 of 112 eggs (14.3%) developed to two-cell stage following culture
in Holtfreter’s solution modified with antibiotics. All of two-cells stage embryos reached the
larval stage. Healthy frogs were raised and released into the wild.

Sperm morphology, measured by the total sperm length and the ratio between the sperm tail
and head length. The average length of the head resulted 3.6 x 10%y; the average length of the
tail resulted 6.5 x 10%u. So, the total sperm length resulted 10.1 x 10%u. The ratio between the
sperm tail and head length resulted 3:1 x 10%u (Fig. 2).

Figure 2. Spermatozoon of Pelophylax shqipericus

Figure 3 shows the decrease in sperm survival over time, expressed as the percentage of vital
sperm at 3, 8, 24 and >48 h, relative to the percentage that was vital immediately after preparing
the suspension (toc=100%). Sperm survival declines exponentially.
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Figure 3. Sperm survival rate of Pelophylax shqipericus
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DISCUSSION

The data obtained in our laboratory showed that: the protocol of in-vitro fertilisation of frog
eggs by direct spray with the extract of macerated testicles was successfully. The average yield
performed in our laboratory was 27% of all fertilized eggs. This can be considered a successful
performance if taken into account that the efficiency of fertilization for the other techniques of
fertilization (sperm diluted solution pipetted on eggs) is approximately 8% (Elinson, 1987;
Ueda et al., 2002).

Using in-vitro fertilization of Albanian water frog, Pelophylax shqipericus, we found that
incubation of sperm with an extract of the jelly coat eggs seems to have a higher relevance in
the in-vitro fertilization efficiency. The egg-jelly fluid induced a greater proportion of sperm
to become motile, and a faster swimming speed of spermatozoids. Proteins from the jelly coats
of anuran eggs have been identified as essentials for fertilization (Barbieri, 1976) influencing
the chemoattraction of sperm to eggs (Olson et al., 2001) and their binding to the vitelline
envelope (Olson and Chandler, 1999). Components of egg jelly layers are necessary for the
fertilization of the egg by chemoattracting sperm. Components of egg jelly layers are necessary
for the fertilization of the egg by incoming sperm. Other possible roles of the jelly coat include
protection from mechanical stresses (Thomas and Bolton, 1999; Thomas et al., 1999, Simons
et al., 2009), prevention of polyspermy (Schuel, 1984), and increasing the effective diameter
of the egg for higher sperm-egg collision frequency (Farley and Levitan, 2001; Podolsky, 2001;
Podolsky, 2002).

Also, when sperm manipulation was done in very low temperatures (nearly t=4°C), and when
for its dilution Holtfreter’s solution diluted to 10% and not concentrated were used. The
dilution of sperm seems to reduce its fertilization ability. Incubating the gametes in any buffer
solution with an osmolality higher than 50 mOsmol/kg will inhibit fertilization (Edwards et al.,
2004), for aquatic anurans are known to achieve optimal rates of fertilization at low
osmolarities (0-7mOsmol/kg) (Edwards et al. 2004). It is likely that this inhibition to
fertilization is due to inactivation of sperm motility at higher osmolarities (Browne et al., 1998;
Kouba et al., 2003; Edwards et al., 2004). Typically, fertilization takes place with sperm
concentrations ranging from 10 to 10® spermatozoa per mL (Wolf and Hedrick, 1971; Browne
et al., 1998; Edwards et al., 2004).

Our data demonstrated that longevity of sperm of P. shqipericus is highest for up to 3h,
giving us the chance to have time for preparations in the laboratories until successful
performing of fertilization (Fig. 2).

Conclusions

In vitro fertilization success depends on many factors, starting from egg and sperm release,
quality of gametes, and composition of media used for fertilization and development of
embryos. So, to realise successfully the in vitro fertilization technique for reproduction of
Albanian water frog, all the above-mentioned events must be accomplished. Successfully
control of sperm-egg interaction, as a crucial step of in vitro fertilization is the main step toward
success. Also, sperm morphology and sperm concentration are very important in fertilization
success, thus providing an optimal in-vitro fertilization protocol.

Finally, we can say that our results demonstrate efficient IVF in a fresh water endemic frog
and help lay the foundation for future research and conservation possibilities for Pelophylax
shqipericus.
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ABSTRACT

Altinyazi, Karaidemir, Kayalikdy, Kirklareli, Sultankdy and Siiloglu Dam Lakes are located in
Ergene River Basin in the Thrace part of Marmara Region, where has very large agricultural
lands because of contained rich soil and much freshwater resources. They were constructed by
DSI (State Water Works) in order to provide irrigation and drinking water and flood protection.
The aim of this study was to evaluate the water quality of these reservoirs by a statistical
approach by using Pearson Correlation Index (PCI) and Factor Analysis (FA). For this purpose,
total of 16 limnologic parameters (temperature, dissolved oxygen, oxygen saturation, pH,
electrical conductivity, total dissolved solids, salinity, turbidity, nitrate, nitrite, phosphate,
sulfate, fluorine, biological oxygen demand, chemical oxygen demand, fecal coliform) were
measured in selected total of 15 stations in spring season of 2018. According to the results of
PCI, significant relations were recorded between the investigated parameters at the 0.01 and
0.05 significance levels. According to the results of FA, 3 factors explained 85% of the total
variance.

Keywords: Dam Lakes, Ergene River Basin, Factor analysis
INTRODUCTION

Multistatistical techniques, which may help the interpretation of complex data matrices to
better understand the ecological status of the investigated ecosystems, are being widely used
in large numbers of countries in especially water quality assessment studies. Factor Analysis
is one of the most convenient multivariate statistical methods that is being used commonly all
over the world (Shrestha and Kazama, 2007; Akin et al., 2010; Tokatl et al., 2013).

The Ergene River is the most important river basin of the Thrace Region and it is known to
be exposed to a great industrial pressure (Tokatli, 2015; 2017; Tokatli and Bastatli, 2016).
Altinyazi, Karaidemir, Kayalikdy, Kirklareli, Sultankdy and Siiloglu Dam Lakes, which are
located on the Ergene River Basin, are most important reservoirs of Thrace Region and they
were constructed by DSI, on the Basamaklar, Pogaca, Teke, Seytandere, Manastir and Siiloglu
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Streams respectively (http://wwwz2.dsi.gov.tr/). But as many freshwater ecosystems, these
reservoirs are being effected from agricultural and domestic pressure.

In the present study, Pearson Correlation Index (PCI) and Factor Analysis (FA) were applied
to lymnological data detected from the reservoirs of Ergene River Basin in order to evaluate
the water quality.

MATERIAL AND METHOD

Study area and collection of samples

Altinyazi, Karaidemir, Kayalikdy, Kirklareli, Sultankdy and Siiloglu Dam Lakes and
selected stations on the reservoirs are given in Figure 1. Water samples were collected in spring
season of 2018 and one water sample was taken from each selected stations on the dam lakes.

Physicochemical analysis

Temperature, dissolved oxygen, oxygen saturation, pH, EC, TDS and salinity parameters
were determined by using “Hach Lange HQ40D Multiparameter” device during the field
studies; turbidity parameter was determined by using “Hach Lange 2100Q Portable
Turbiditymeter” device during the field studies; nitrate, nitrite, phosphate, sulphate, fluorine
and COD parameters were determined by using “Hach Lange DR3900 Spectrophotometer”
device during the laboratory studies; BOD parameter was determined by using “Hach Lange
BOD Trak II” device during the laboratory studies.

Microbiological analysis

Microbiological analysis was carried out using membrane filtration technique. All water
samples were filtered with membrane filtration technique and the membrane filter was placed
in coliform chromogenic m-FC Agar. All growth mediums were left to incubate for 24 hours
at 44.5 + 0.2 0C and counted by automatic colony counter.

Statistical analysis

Pearson Correlation Index (PCI) was applied to the results in order to determine the relations
between the psychochemical parameters by using the SPSS 17 package program. Factor
Analysis (FA) was applied to the results in order to determine the effective varifactors on
reservoirs of Ergene River Basin according to correlated variables by using the SPSS 17
package program.
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Figure 1. Ergene River Basin, dam lakes and selected stations

RESULTS AND DISCUSSION

Pearson Correlation Index

The relations between the levels of physical and chemical parameters in the reservoirs of
Ergene River Basin were determined by using detected data (n = 15 for all parameters) and all
detected relations are given in Table 1.
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Factor Analysis (FA)

FA was used to determine the effective varifactors on the reservoirs of Ergene River Basin
by using correlated variables. Uncorrelated variables were removed from the data set in order
to increase the reliability of FA. A total of 11 variables were used to detect the varifactors (n =
15 for all parameters). Result of KMO (Kaiser-Meyer-OlKkin) test that presents the measure of
sampling adequacy was 0.527 and this value means that, the sampling adequacy was in a good
level for the present application (>0.5) (Liu et al., 2003).
Eigenvalues higher than one were taken as criterion for evaluate the principal components
that required to explain the sources of variance in the data. According to rotated cumulative

percentage variance, 3 factors explained 85% of the total variance (Table 2) and the scree plot
of FA is given in Figure 2.

Table 2. Extracted values of various FA parameters

Total Variance Explained
Extraction Sums of Rotation Sums of
Initial Eigenvalues Squared Loadings Squared Loadings
% of Cumulative % of | Cumulative % of | Cumulative
Component| Total| Variance % Total | Variance % Total | Variance %
1 6.288 57.163 57.163 |6.288 57.163| 57.163 [5.052 45.930| 45.930
2 1.876| 17.058 74.221 |1.876| 17.058 | 74.221 [2.513 22.841| 68.771
3 1.188 10.800 85.021 |1.188 10.800| 85.021 [1.787, 16.250| 85.021
i ¢
||H.
\
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Figure 2. Scree plot of FA

Liu et al. (2003) classified the factor loadings according to loading values as “strong

(>0.75)”, “moderate (0.75 — 0.50)” and “weak (0.50 — 0.30)”. The parameter loadings higher

than 0.5 calculated after rotation for 3 components are given in Figure 3. Also component plot
in rotated space, which shows the related variables of 3 factors, is given in Figure 4.

First factor (F1) explained 45.9% of total variance and it was related to the variables of
S04, EC, TDS, salinity, F, pH and NOs parameters. SO4, EC, TDS and salinity parameters were
strong positively; NOs parameter was moderate positively; and pH parameter was moderate
negatively loaded with this factor (Figure 3, 4).
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Temp| DO [OZsat| pH EC | TDS | Sal | Tur | NOs | NO2 | PO4| SO4 | F |COD|BOD| FC
Temp| 1
DO |-128| 1
O2sat| .130 [.963"| 1
pH | .200 | .083 | .190 1
EC |-546"| .320 | .145 |-.632"| 1
TDS |-5797| .298 | .115 | -.638"|.998"| 1
Sal |-591"| .289 | .103 |-.639" |.9977|.999"| 1
Tur | .621" | -.358 | -.213 | -.049 | -.434 | -461|-470| 1
NOs |-.542"| .202 | .025 | -.355 |.643™"| .634" | .626 |-.226| 1
NO. |-.523"|.668" | .498 | -.404 |.765"|.746|.742"" | -.245| .620" 1
POs | -.043 | -.052 | -.119 | -593" | .211 | .199 | .188 | 431 | .413 | 407 | 1
SO4 | -.439 | .123 | -.025 | -.605" |.948™|.941|.937 " |-.250| .670" |.650"" | .222 | 1
F |-314 | .406 | .297 | -.428 |.763"|.735"|.729™|-.096 | .670"" |.751"| .191 |.821™"| 1
COD | .006 | .329 | .286 | -.311 | .143 | 123 | .122 | .255 | -.040 | .455 | .352 | .089 | 354 | 1
BOD | .346 | 412 | 510 | .123 | -.099 | -.135 | -.149 | .457 | -.086 | .201 | .020 | -.090 | .194 | .213 | 1
FC | .526" | -.336 | -.160 | .246 | -.420 | -.428 | -.422 | .410 | -535" | -.511 |-.238| -.278 |-.166 | -.022 | -.082| 1

Temp: Temperature; DO: Dissolved oxygen; O2sat: Oxygen saturation; Sal: Salinity; Tur: Turbidity; FC: Fecal coliform

“: Correlation is significant at the 0.05 level (p<0.05); ™ Correlation is significant at the 0,01 level (p<0.01)
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Second factor (F2) explained 22.8% of total variance and it was related to the variables of
NOs, fecal coliform, temperature and turbidity parameters. Fecal coliform and temperature
parameters were strong positively; turbidity parameter was moderate positively; and NO3
parameter was moderate negatively loaded with this factor (Figure 3, 4).

Third factor (F3) explained 16.2% of total variance and it was related to the variables
of pH, turbidity and pH parameters. PO4 parameter was strong positively; turbidity parameter
was moderate positively; and pH parameter was moderate negatively loaded with this factor
(Figure 3, 4).

e e#e+Component 1
Component 2
Component 3

Figure 3. Rotated component matrix

As it is known that one of the most widely used statistical techniques is Factor Analysis,
which provides valuable and easy explaining data. In a study performed in Xiangjiang
watershed in China, FA was used to evaluate the quality of some aquatic habitats. According
to data observed, FA reduced the data sets in 4 latent factors for 3 different sites accounting for
71.62%, 71.77% and 72.01% of the total variance (Zhang et al., 2009). In another study
performed in Uluabat Lake in Turkey, FA was used to assess the water quality. According to
data observed, 3 factors explained 77.35% of total variance (Iscen et al., 2007).

Agricultural applications could significantly raise the concentrations of nitrogenous
compounds in close aquatic ecosystems to the agricultural lands (Wetzel, 201; Manahan, 2011).
According to results of FA, “F1 Factor”, which was explained 45.9% of total variance and
strong positively related to the variables of SO4, EC, TDS, salinity, F and NOs parameters, was
determined as the most effective component for the reservoirs of Ergene River Basin.
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Figure 4. Component plot in rotated space
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CONCLUSION

In this study, Factor Analysis was used to evaluate the water quality of the reservoirs of
Ergene River Basin by using a large number of physical, chemical and biological data. Factor
Analysis helped to identify the effective factors on the system and 3 effective factors were
determined that were explained 85% of the total variance. In conclusion, multistatistical
evaluation is necessary for a sophisticated environmental evaluation especially in water quality
assessment studies, because of obtained large numbers of different parameters and difficulty
of the interpretations of all parameters.
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Abstract

Ergene River is located on the Thrace part of Marmara Region and it is known as one of
the most contaminated aquatic habitats of Turkey. This study was carried out to evaluate the
groundwater quality of settlement areas located in the Ergene River Basin by using some
statistical methods. Water samples were collected from 30 villages in summer season of 2018.
Some physical and chemical water quality parameters including dissolved oxygen, oxygen
saturation, pH, electrical conductivity (EC), total dissolved solids (TDS), salinity, turbidity,
nitrite (NO), nitrate (NOg), phosphate (POs), sulphate (SO4) and chemical oxygen demand
(COD) were determined and the results were evaluated by using by using Pearson Correlation
Index (PCI) and Principle Component Analysis (PCA). According to the results of PCI,
significant relations were recorded between the investigated parameters at the 0.01 and 0.05
significance levels. According to the results of PCA, 2 factors named as "lonic Factor" and
"Agricultural Factor" explained 77.7% of the total variance.

Keywords: Ergene River Basin, Groundwater quality, Principle Component Analysis

INTRODUCTION

Freshwater resources are among the most significant and adversely affected components of
environment. Pollution caused by agricultural activities in especially rural areas decreases the
quality of these limited freshwater (Cigek et al., 2013; Tokath et al., 2014; Kose et al., 2015).
Statistical techniques may help the interpretation of complex data matrices to better understand
the ecological status of the investigated ecosystems. Principle Component Analysis is one of
the most convenient statistical methods that is being used commonly in many countries in water
quality assessment studies (Shrestha and Kazama, 2007; Akin et al., 2010; Tokatl et al., 2013).
The aim of this study was to evaluate the groundwater quality of settlement areas located in the
Ergene River Basin by a statistical approach using Pearson Correlation Index (PCI) and
Principle Component Analysis (PCI).

MATERIAL AND METHOD

Study area and collection of samples

In this study, groundwater samples were collected in summer season of 2018 from 30
stations from the drill fountains of the villages located in the Ergene River Basin. Groundwater
with a volume of three wells was purged before sampling. Drinking water samples were then
collected at the outflow of drill pump in polyethylene bottles. Coordinate information and
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locations of selected stations are given in Table 1 and map of investigated area is given in
Figure 1.

Physicochemical analysis

Dissolved oxygen, oxygen saturation, pH, EC, TDS and salinity parameters were
determined by using “Hach Lange HQ40D Multiparameter” device during the field studies;
turbidity parameter was determined by using “Hach Lange 2100Q Portable Turbiditymeter”
device during the field studies; nitrate, nitrite, phosphate, sulphate, fluorine and COD
parameters were determined by using “Hach Lange DR3900 Spectrophotometer” device during
the laboratory studies.

Statistical analysis

Pearson Correlation Index (PCI) was applied to the results in order to determine the
relations between the psychochemical parameters by using the SPSS 17 package program.
Principle Component Analysis (PCA) was applied to the results in order to determine the
effective varifactors according to correlated variables by using the SPSS 17 package program.

Table 1. Location properties of villages

Localit Coordinates Localit Coordinates
y North South y North South
Murath 41.17275 27.49570 Karakavak 41.32615 27.07046
Sarilar 41.14440 27.66180 Kadriye 41.34883 26.99870
ol 4115593 | 2781326 | Sorkezmisell |y o016 | 57 02568

im

Velimese 41.24793 27.88046 Hayrabolu 41.21345 27.10629

Cerkezkdy 41.28212 28.00176 Pehlivankdy 41.34710 26.92391

Saray 41.44099 27.92175 Danigment 41.30453 26.90137
Karli 41.36929 27.86502 Copkoy 41.21846 26.82429
Marmaracik 41.20692 27.715227 Bayraml 41.30688 26.82262
Vakiflar 41.26342 27.64992 Uzunkoprii 41.26693 26.68699
Karamusul 41.30349 27.44734 Salarlt 41.22682 26.62626
Miisellim 41.34041 27.37037 Kurtbey 41.14380 26.57977
Diigiinciibasi 41.33248 27.27715 | Yenicegorece | 41.13088 26.46713
Liileburgaz 41.40263 27.36572 Merig 41.19106 26.41824
Babaeski 41.43123 27.09134 Adasarhanl 41.08398 26.35818
Alpullu 41.37195 27.14307 Ipsala 40.92896 26.39274

169



International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 2018

Figure 1. Study area and selected stations
RESULTS AND DISCUSSION

Pearson Correlation Index

The relations between the levels of physical and chemical parameters in the groundwater of
Ergene River Basin were determined by using detected data (n = 30 for all parameters) and all
detected relations are given in Table 2.

According to results of PCI, the relations between oxygen saturation — dissolved oxygen
(+); EC —TDS (+), salinity (+), SO4 (+), F (+) and COD (-); TDS — salinity (+), SOa4 (+), F (+)
and COD (-); salinity — SO4 (+), F (+) and COD (-); SO4 — F (+) and COD (-) levels were
directly proportional at the 0.01 significance level.

Principle Component Analysis (PCA)

PCA was used to determine the effective varifactors on the groundwater of Ergene River
Basin by using correlated variables. Uncorrelated variables were removed from the data set in
order to increase the reliability of PCA. A total of 7 variables were used to detect the varifactors
(n =30 for all parameters). Result of KMO (Kaiser-Meyer-OlKkin) test that presents the measure
of sampling adequacy was 0.814 and this value means that, the sampling adequacy was in a
good level for the present application (>0.5) (Liu et al., 2003).

Eigenvalues higher than one were taken as criterion for evaluate the principal components
that required to explain the sources of variance in the data. According to rotated cumulative
percentage variance, 2 factors explained 77.7% of the total variance (Table 3) and the scree
plot of FA is given in Figure 2.
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Table 2. Pearson Correlation Index coefficients

DO O2Sat pH EC TDS Sal Tur NO3 NO2 PO4 SO4 F COoD
DO 1
O2Sat | .995™ 1
pH -.243 -.258 1
EC -.107 -.040 -.186 1
TDS -.105 -.042 -174 | .998™ 1
Sal -.107 -.044 -173 | .998™ | 1.000™ 1
Tur -.214 -.200 -.239 282 284 282 1
NO3 366" 370" | -438" | .362° 376" 3717 110 1
NO2 -.246 -.215 -.323 161 .148 .149 -.014 .074 1
PO4 119 140 -.063 -.032 -.049 -.047 -.090 .020 -.050 1
SO4 -.032 .031 -343 | 783" | 7717 | 7717 251 261 154 .046 1
F -.189 -.147 322 623" | 6157 | 617 .099 -.141 -.049 -004 | 537" 1
COoD .009 -.046 280 | -599™ | -600 | -599" | -.420" | -.406" | -.212 -.040 | -.486" | -.201 1

DO: Dissolved oxygen; O2sat: Oxygen saturation; Sal: Salinity; Tur: Turbidity
“: Correlation is significant at the 0.05 level (p<0.05); *": Correlation is significant at the 0,01 level (p<0.01)

Table 3. Extracted values of various FA parameters

Total Variance Explained

Initial Eigenvalues Extraction Sums of Rotation Sum_s of
Component _ Squared Loadings _ Squared Loadings _
Total % of |Cumulative Total % of |Cumulative Total % of |Cumulative
Variance % Variance % Variance %
1 4.264 | 60.910 60.910 4.264 | 60.910 60.910 |4.107 | 58.675 58.675
2 1.181 | 16.870 77.780 1.181 | 16.870 77.780 | 1.337 | 19.106 77.780
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Figure 2. Scree plot of FA

Liu et al. (2003) classified the factor loadings according to loading values as “strong (>0.75)”,
“moderate (0.75 — 0.50)” and “weak (0.50 — 0.30)”. The parameter loadings higher than 0.5
calculated after rotation for 3 components are given in Figure 3. Also component plot in rotated
space, which shows the related variables of 2 factors, is given in Figure 4.

First factor (F1), named as “Ionic Factor”, explained 58.6% of total EC, salinity, TDS, sulphate
and fluorine parameters. All the parameters were strong positively loaded with this factor (Figure
3, 4). Second factor (F2), “Agricultural Factor”, explained 19.1% of total variance and it was
related to the variables of nitrate and nitrite parameters. Nitrate parameter was strong and nitrite
parameter was moderate positively loaded with this factor (Figure 3, 4).

mF]l mF1

Figure 3. Rotated component matrix
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EC is affected by the presence of dissolved solids. TDS is defined as the quantity of dissolved
material in water. Also salinity is defined as the total of all salts dissolved in water. EC, TDS, and
salinity parameters in water are closely related and these parameters may indicate general water
quality. Discharges to groundwater may change the EC, TDS and salinity levels. Sewage water
and especially irrigation practices are known as significantly effective factors on these parameters
(Wetzel, 2001; Manahan, 2011). In this study, significant relations were determined among EC,
TDS and salinity parameters (p<0.01) and according to the results of PCA, first factor (F1), which
was related to the variables of EC, TDS and salinity, was the most effective factor on the
groundwater quality in Ergene River Basin.

It is known that fertilizers used in agricultural activities increase the level of nitrogen
compounds in water and soil especially in rural areas (Wetzel, 2001; Manahan, 2011). The main
sources of nitrogen compounds in groundwater is nitrogen rich fertilizers in general that is
commonly used around the basin (Self and Waskom, 2013; Tokatli, 2014). According to the results
of PCA, “Agricultural Factor” (F2) was defined as an effective factor on the groundwater quality
of the basin, which was related to the variables of nitrate and nitrite.

05 O

TD5 _3a

504

Component 2
o
[==)

1,0 05 00 05 10

Component 1

Figure 4. Component plot in rotated space
CONCLUSION

In this study, Principle Component Analysis (PCA) was used to evaluate the groundwater
quality of the groundwater of Ergene River Basin by using a large number of physical and chemical
data. PCA helped to identify the effective factors on the groundwater of the system and 2 effective
factors were determined that were explained 77.7% of the total variance. In conclusion,
multistatistical evaluation is necessary for a sophisticated environmental evaluation especially in
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groundwater quality assessment studies, because of obtained large numbers of different
parameters.

Acknowledgements: The author would like to thank for the financial and technical supports
supplied by Trakya University, Turkey. This investigation has been supported by the project
numbered as 2017/211 accepted by Trakya University, Commission of Scientific Research
Projects.

REFERENCES

Akin, B. S., Atici, T., Katircioglu, H., Keskin, F. (2010). Investigation of water quality on
Gokgeekaya dam lake using multivariate statistical analysis, in Eskisehir, Turkey. Environ
Earth Sci, DOI 10.1007/s12665-010-0798-6.

Cigek, A., Bakis, R., Ugurluoglu, A., Kése, E., Tokatli, C. (2013). The Effects of Large Borate
Deposits on Groundwater Quality. Pol. J. Environ. Stud., 22 (4): 1031-1037.

Kése, E., Cicek, A., Uysal, K., Tokatli, C., Emiroglu, O., Arslan, N. (2015). Heavy Metal
Accumulations in Water, Sediment and Some Cyprinidae Fish Species from Porsuk Stream
(Turkey). Water Environ. Res., 87 (3): 195-204.

Liu, CW., Lin, KH., Kuo, YM. (2003). Application of factor analysis in the assessment of
groundwater quality in a Blackfoot disease area in Taiwan. Sci. Total Environ., 313: 77-89.

Manahan, S. E. (2011). Water Chemistry: Green Science and Technology of Nature's Most
Renewable Resource. Taylor & Francis Group, CRC Press, 398 pages.

Self, J. R.,, Waskom, R. M. (2013). Nitrates in Drinking Water. Colorado State University
Extension. 7/95. Revised 11/13.

Shrestha, S., Kazama, F. (2007). Assessment of surface water quality using multivariate statistical
techniques: A case study of the Fuji river basin; Japan. Environ. Modell. Softw., 22, 464—
475.

Tokatli, C. (2014). Drinking Water Quality of a Rice Land in Turkey by a Statistical and GIS
Perspective: Ipsala District. Pol. J. Environ. Stud., 23 (6): 2247-2258.

Tokatlh, C., Cigek, A., Kose, E. (2013). Groundwater Quality of Tiirkmen Mountain (Turkey). Pol.
J. Environ. Stud., 22 (4), 1197-1208.

Tokatlh, C., Kose, E., Cicek, A. (2014). Assessment of the Effects of Large Borate Deposits on
Surface Water Quality by Multi Statistical Approaches: A Case Study of The Seydisuyu
Stream (Turkey). Polish Journal of Environmental Studies, 23 (5): 1741-1751.

Wetzel, R. G. (2001). Limnology: Lake and River Ecosystems. Elsevier Academic Press, 1006
pages.

174



International Agricultural, Biological & Life Science Conference, Edirne, Turkey, 2018

COMPARISON OF ORGANIC POLLUTION BETWEEN TWO MAIN BRANCHES OF
DRIN RIVER

DANO Eralda*!, NEZIRI Anila?

LAgricultural University of Tirana, Faculty of Biotechnology and Food

2University of Shkodra “LuigjGurakugi” Department of Biology and Chemistry, Faculty of
Natural Sciences, Shkoder, Albania.

*danoeralda@gmail.com

ABSTRACT

The objective of this paper is to compare data on pollution from organochlorinated pesticides and
polychlorinated biphenyls (PCB) in waters of the two most important branches of Drin River, one
passing through Kosovo and the other originating from Ohrid Lake and passing through north-
eastern Albania. The organochlorinated pesticides and polychlorinated biphenyls are the widest
class of organic pollutions and the most problematic in environment. The method applied to detect
pesticides was sampling water in 10- 25 cm of depth in two specific locations, one at the end of
each of the branches of the river before their conjuction. Samples of surface waters were taken
during 2012 — 2015. The liquid — liquid (L/L) water extraction and gas chromatography (GC) with
micro electron-capture detector (WECD) were applied for pesticide residue analyse. The quantified
pesticides were o-HCH, B-HCH, HCB, Lindan, Heptachlor, 2,4-DDE, 4,4-DDE, DDT, DDD
representing organoclorinated pesticides and PCB 28, PCB 101, PCB118, PCB 153, PCB 138 for
polychlorinated biphenyls. The most polluted branch resulted to be Black Drin.

Keywords: Drin River, Organochlorinated pesticides, polychlorinated biphenyls.

INTRODUCTION

Drin, the longest river in Albania, is formed near the Albanian border from two main branches:
White Drin which springs and passes through Kosovo and Black Drin which originates from the
Ohrid lake and passes in western part of FYROM and in north-western Albania.

Aim of study

The aim of this study is to compare pollution from organochlorinated pesticides (OCP) and
polychlorinated biphenyls (PCB) in these two branches of the river. A number of compounds were
chosen for the evaluation of the level of organic pollution, namely: a-HCH, p-HCH, HCB, Lindan,
Heptachlor, 2,4-DDE, 4,4-DDE, DDT, DDD as representatives of organoclorinated pesticids and
PCB-28, PCB-52, PCB-101, PCB-118, PCB- 138, PCB-153 and PCB-180 as representatives of
polychlorinated biphenyls.

MATERIAL AND METHODS
Study area
One sample point at the end of each river branch before their union was chosen: Morine for White

Drin and Zall Rec for Black Drin. Samples of surfice waters were taken each month during the
period October 2012 to September 2015.
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Sampling technique

Samples were collected using grab sampler bottle UWITEC, transferred in 1 litter glass bottles and
stored in 4°C prior to chemical analyses.

Extraction and measurement

Water samples were processed by Liquid — Liquid extraction using 1 L separator funnel. Samples
were spiked with 10 pl PCB 29 as internal standard in 2.5 ng pl™ concentration and extracted with
40 ml n-hexane. The organic phase (n-hexane) was dried with 10g Na,SO4. The extracts were
cleaned in a glass column filled with deactivated 5% water fluorosil (100-200 mesh or 0.075-0.150
mm). The column was rinsed out with 8 ml mixture of 4:1 n-hexane and DCM. The extract was
evaporated till 1 ml extract by Rotary Evaporator (Laborota 4000, Heidolph) and N2 evaporator
(Thermo Scientific). The 1ml extracts were transferred in the chromatographic vials. Gas
chromatographic analyses were performed with Agilent 7890 gas chromatograph equipped with a
micro®®Ni electron-capture detector and a split/splitless injector and auto-injector. The column
used was a HP-5 [low/mid polarity, 5% (phenyl methyl siloxane)] (30 m x 0.32 mm L.D., 0.25um
film). The split/splitless injector and detector temperatures were set at 280°C and 300°C
respectively. Nitrogen (N2) at 3.5 ml/min was used as carrier gas and 29 ml  min for make-up.
The initial oven temperature was kept at 60°C for 15 min, increased to 200°C at 20°C/min, held
for 10min and then increased to 250°C at 4°C/min for 20min. Temperature was finally increased
to 300°C at 10°C/min and held for 7 min. Injection volume was 1ul. The organochlorinated
pesticides and polychlorinated biphenyls quantification was performed by internal standard
method. The system was calibrated with a standard mixture containing organochlorinated
pesticides and polychlorinated biphenyls. Values of each component are expressed in ng/l and
mean concentration during the year for each component was calculated.

RESULTS

Mean concentrations of each component for the two sample point are presented in the tables and
graphs below.

Table 1. Mean concentration of PCBs (ng/l).

PCB-28 | PCB-101 | PCB-118 | PCB-153 | PCB-138 | PCB-52 | PCB-180
Zall Rec 63.69 5.79 8.03 6.82 3.81 Nd* Nd*
Morine 7.97 15.37 11.18 45 3.07 Nd* Nd*

Nd = not detected.

PCB-52 and PCB 180 were not detectable in any in sample in either sample points. In an other
study on the same time period, Nuro and Marku have found these two PCB in considerable levels
in sediment samples near the delta of Drin river (Nuro and Marku, 2013).

PCB-28 concentration were 10 fold higher in Black Drin compared to White Drin. PCB-153 and
PCB-138 mean concentration were only slighty higher in Black Drin, while PCB-101 and PCB-
118 were slightly higher in White Drin. However, in all the samples, the concentration of every
studied PCB was lower than the EU limit.
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Graph 1. Comparison of PCBs.

Table 2. Mean concentration of OCPs (ng/l).

a-HCH | B-HCH | HCB Lindan | Heptaclor | 2.4-DDE | 44-DDE | DDT | DDD

Zall Rec | 106.52 | 291.42 | 1948.42 | 314.69 | 254.83 76.28 66.61 34.12 | 54.66

Morine | 76.38 65.16 1146.27 | 43.07 55.96 13.68 34.67 10.72 | 20.2

The values of OCP mean concentrations vary on the range of ten to a few hundreds ng/l for a-
HCH, B-HCH, Lindan, Heptaclor, DDE, DDT and DDD. Only HCB values range is in thousands
ng/l. For this reason, we have separately represented HCB from the other OCPs. Figure 2 shows
the comparison of HCB mean concentrations in the two sampling points while figure 3 the
comparison of all the other OCPs.

4 N
4 N M Zall Rec
B Morine
\_ J - J
Graph 2. Comparison of HCB. Graph 3.Comparison of OCPs except for HCB.

Black Drin results more polluted than White Drin for each OCP. The difference is more obvious
for B-HCH, Lindan, Heptaclor and 2,4-DDE which mean concentrations in Black Drin are a
multitude of those in White Drin. Also the mean concentrations of HCB, 4,4-DDE, DDT and DDD
in this river branch are almost twice those in the other branch. A slightly higher but considerable
difference of 30 ng/l was found for a-HCH in Black Drin.

A study concerning similar substances in for Ohrid Lake where Black Drin originates, has reported
levels 12 — 24 ng/I for Lindan and 19 — 32 ng/l for HCH. These are very low compared to our
results in Zall Rec, the end point of this river branch, respectively in the range of 300 ng/l for
Lindan and 400 ng/l for total HCH. Slightly higher levels are detected in our study even for 4.4-
DDE, DDT and DDD compared with Velianovskaet al. (Veljanoska-Sarafiloska et al., 2011) This
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discrepancy may be a testimony of agricultural pollution in north-eastern Albania where this river
branch passes and colletcts smaller branches. Pollution from municipal, industrial, and
agrochemical sources remains a major threat to Balkan freshwater ecosystems. Mining mainly
affect Bulgarian and Albanian rivers, industrial pollution is important in Bulgaria, FYROM and
Bosnia and Herzegovina, agricultural pollution is widespread in Greece, Bulgaria and Albania,
while municipal waste water pollution prevails in all countries except Greece ( Lazarov et al,
2005).

The sea, rivers and lakes have become the environmental reservoirs for all possible organic
pollutants (Chee et al., 1996). The organochlorine pesticides group includes DDT
(dichlorodiphenyltrichloroethane), methoxychlor, aldrin, dieldrin, chlordane, toxaphene, endrin,
heptachlor, and lindane (gamma isomer of benzene hexachloride (BHC)). These are trade names
for closely related hydrocarbon compounds to which several chlorine atoms have been joined
(Hung and Thiemann, (2002). Due to their environmental persistence, these pollutants can cause
contamination of surface water and underground water (Jones and de Voogt, 1999). Persistent
organic pollutants (POPs), including organochlorine pesticides (OCPs), are of global concern
because of their toxicity, resistance to degradation, potential for long-term transport and their
tendency to accumulate in fatty tissues (lipophilicity), the latter of which renders them likely to
bioaccumulate through food chain (Skoulikidis, 2009).

CONCLUSIONS

It results that the overall level of pollution is higher in Black Drin. Levels of PCB are within EU
norms in both river branches, but OCP levels are above them. HCB is the most problematic
substance. Other pollutants with high levels are Lindan, HCH and Heptaclor.
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ABSTRACT

Citrus fruits are important sources of beneficial phytochemicals, such as vitamins A, C and E,
mineral elements, flavonoids, coumarins, limonoids and carotenoids. Epidemiological studies
have shown that citrus species possess significant biological functions on human health, including
antioxidative, anticarcinogenic, antiatherosclerotic, antimutagenic, and angiogenesis inhibitory
activities. In this study, total phenolic, total flavonoid, total carotenoid and vitamin C contents of
the juices of seven citrus varieties were determined grown in Antalya, Turkey. Additionally,
antioxidant activities were also investigated using DPPH method. Total phenolic contents of the
citrus juices varied from 18.21 to 52.44 mg gallic acid equivalent/100 mL and flavonoid contents
varied from 2.77 to 10.64 mg catechin equivalent/100 mL. Total carotenoid contents changed
between 1.27 and 1.86 mg/mL and vitamin C contents were from 46.06 to 86.01 mg/100mL. ICso
values of the citrus juices ranged between 52.88 and 122.84 pl. Significant differences were
statistically observed among citrus varieties in terms of investigated parameters.

Keywords: Citrus, Antioxidant activity, Phenolic, Flavonoid

INTRODUCTION

The citrus species, belonging to the family Rutaceae, are the most popular agricultural product
in the world (Turner and Burri, 2013). Turkey is one of the main citrus producers among the
World countries and ranks 9" in the World (Faostat, 2016). Total citrus fruit production of Turkey
was 4.796.726 tonnes in 2017. Orange, mandarin, lemon and grapefruit are the main citrus species
produced in Turkey. The Mediterranean and Aegean Regions are the major citrus growing areas
of Turkey. The West Mediterranean Region is the second largest citrus area of Turkey. Antalya
province, located in this region, accounts for 14% of Turkey’s total citrus production (TUIK,
2017).

Citrus fruits are important source of bioactive compounds, including ascorbic acid, carotenoids,
flavonoids, phenolic compounds, dietary fiber, vitamins and minerals which are beneficial aspects
to human health. Epidemiological evidences have suggested that these compounds possess
important biological activities such as antioxidant, anti-inflammation, anti-mutagenicity, anti-
carcinogenicity and anti-aging (Zou et al., 2016). The bioactive components and antioxidant
properties of citrus fruits have been studied by many authors in recent years. The type and amount
of bioactive compounds present in citrus fruits can be affected by many factors such as cultivar,
fruit part, maturity state, cultural practices, processing, geographical and ecological conditions
(Gorinstein et al., 2001; Abeysinghe et al., 2007; Alvarez et al., 2012; Sicari et al., 2016; Yoo et
al., 2016). The antioxidant activity of citrus fruits is mainly due to phenolics and vitamin C
(Abeysinghe et al., 2007; Xu et al., 2008). Flavonoids are major phenolic compounds in citrus
fruits. The main flavonoid groups in citrus juice are flavanones, flavones and flavonols (Hunlun et
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al., 2017). Among the flavonoids, naringin, neohesperidin, neoeriocitrin, hesperidin, narirutin and
didymin are found in bergamot, orange, mandarin, grapefruit and bitter orange juices (Tripoli et
al., 2007). In addition to flavonoids, citrus juices contain significant amount of phenolic acids,
including ferulic, sinapik, cafeic, chlorogenic, p-coumaric and o-coumaric acids (Wang et al.,
2007; Xu et al., 2008). Phenolic compounds have been reported to possess a wide range of
biological actions, such as a key enzymes in mitochondria, protection against coronary hearth
diseases, anti-inflammatory, anti-tumor, antioxidative and antimicrobial activities (Harborne and
Williams, 2000; Morton et al., 2000). Vitamin C is the most commonly vitamin found in citrus
fruits (Zou et al., 2016), and it shows antioxidant activity through scavenging reactive oxygen
species and protecting against oxidation of biological molecules (Tripoli et al., 2007; Sdiri et al.,
2012). Carotenoids are pigments responsible for the characteristic color of citrus juices and peels.
More than a hundred individual carotenoids have been identified in citrus fruits. Carotenoids of
citrus juices play an important role in the prevention of chronic diseases such as certain types of
cancer, cataract and cardiovascular diseases, because of their antioxidant properties (Fanciullino
et al.,, 2006).  The aim of this study was to determine the total phenolic, flavonoid, carotenoid
and vitamin C contents and antioxidant activities of seven citrus varieties grown in Antalya.

MATERIAL AND METHODS

Seven citrus varieties were selected for this study, including two mandarins (Yerli Apireno,
Klemantin Fino), two grapefruits (Marsh Seedless, Star Ruby), one sour orange (Common Sour
Orange), one lemon (Interdonato) and one bergamot variety (Yerli A-41). The fruits were collected
from Bati Akdeniz Agricultural Research Institute (BATEM) citrus orchard in Antalya. All
varieties were harvested at maturity stage. Citrus fruit juices were obtained by hand squeezing
method. All analyses were carried out in four replicates. Fifteen fruits were used for each
replication.

Total Phenolic content

Total phenolic content of juice samples were determined using the Folin-Ciocalteu reagent
method as described Spanos and Wrolstad (1990). The absorbance was measured against the blank
solution at 765 nm using a Shimadzu UV-1800 spectrophotometer (Shimadzu Inc., Kyoto, Japan).
The results were expressed as mg gallic acid equivalent (GAE)/100 mL fresh juice.

Total Flavonoid content

Total flavonoid content in samples were quantified using a modified colorimetric method
described by Zhishen et al. (1999). The absorbance was detected at 510 nm using a Shimadzu UV-
1800 spectrophotometer (Shimadzu Inc., Kyoto, Japan) using catechin as the standard. The results
were expressed as mg catechin equivalent (CE)/100 mL fresh juice.

Total carotenoid content

The method of Wang et al. (2008) was used for total carotenoid determination. Absorbance was
measured at 450 nm by Shimadzu UV-1800 spectrophotometer (Shimadzu Inc., Kyoto, Japan).
Total carotenoid content was expressed as mg f-carotene equivalents/ mL fresh juice.
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Vitamin C

The content of vitamin C in juices was analyzed with the HPLC method (Sdiri et al., 2012).
Each juice sample was extracted with 3% metaphosphoric acid solution. The mixture was
centrifuged at 6500 rpm for 10 min at 4°C and the supernatant were filtered through a 0.45 um
membrane filter before injection. The separation was performed on ODS-3-C-18 Column (250x4.6
i.d.) using 2% potassium dihydrogen phosphate (pH 2.3) as the mobile phase at a flow rate of 0.6
mL/min at 25° C column temperature and 243 nm. Vitamin C contents were expressed as
mg/100mL.

Antioxidant activity

The antioxidant activity of the citrus juices was evaluated by the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical-scavenging method (Brand-Williams et al., 1995) with some modifications.
Five concentrations of juice samples were mixed 0.6 mL DPPH radical solution (ImM). The
volume of mixtures was completed with 6 mL of pure methanol. After shaking, the mixtures were
incubated at room temperature in the dark for 15 min. The absorbance of mixtures was measured
by a spectrophotometer at 517 nm against blank without samples). The results were expressed as
ICso value.

Statistical analysis

SAS software program were used for statistical assessment. All experiments were carried out
in four replicates. The results were expressed as means + standard deviation (SD). All data were
subjected to analysis of variance (ANOVA). The significant difference of means were compared
by Duncan’s multiple-range test at the level of P <0.05.

RESULTS AND DISCUSSION

Total Phenolic and flavonoid content

The contents of total phenolic and flavonoid in the juices of seven citrus varieties are shown in
Table 1. There were observed significant differences in the contents of total phenolic and
flavonoid in juice samples (P<0.05). Star Ruby had the highest total phenolic content (52.44 mg
GAE/100 mL), followed by Yerli Apireno (44.29 mg GAE/100 mL), Marsh Seedless (40.76 mg
GAE/100 mL) and Common Sour Orange (40.52 mg GAE/100 mL). Our values were lower than
those reported in the literature (Ersus and Cam, 2007; Xu et al., 2008; Kelebek, 2010; Sicari et al.,
2016). The total flavonoid content of the juice samples ranged from 2.77 to 10.6 mg CE/100 mL.
The highest total flavonoid content was found in bergamot (Yerli A-41) juice. The lowest values
for total phenolic (18.21 mg GAE/100 mL) and total flavonoid (2.77 mg CE/100 mL) were
detected in lemon (Interdonato) juice. The variation in phenolic and flavonoid content of citrus
fruits depends on genetic properties, degree of maturity, climatic conditions and processing (Gil-
Izquierdo et al., 2002; Germana et al., 2004; Nogata et al. 2006; Xu et al., 2008; Sun et al., 2015).
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Table 1. Total phenolic and flavonoid content of citrus varieties*

Varieties Species Total phenolic content | Total flavonoid content
(mg GAE/100 mL) (mg CE/100 mL)

Klemantin Fino Mandarin 39.99+£2.72 b 3.76+0.03 d

Yerli Apireno Mandarin 44.29+5.68 b 8.42+1.30 b

Star Ruby Grapefruit 52.44+1.49 a 8.05+0.53 b

Marsh Seedless Grapefruit 40.76x1.47 b 4,95+0.11 ¢

Interdonato Lemon 18.21+2.70 d 2.77£0.19 ¢

Common Sour Sour Orange | 40.52+£2.76 b 3.92+0.11d

Orange

Yerli A-41 Bergamot 30.37+42.15¢ 10.64+0.23 a

*Means with different letters within the same column represent significant differences at P<0.05

Total carotenoid, Vitamin C and Antioxidant Activity

Total carotenoid, vitamin C and 1Csp values of citrus juices are presented in Table 1. A statistical
significant difference (P <0.05) was found among the samples for examined parameters. The
highest total carotenoid value was detected in Yerli Apireno (1.86 mg/ml), followed by Common
Sour Orange (1.76 mg/mL) and Marsh Seedless (1.66 mg/mL). Bergamot (Yerli A-41) had the
lowest total carotenoid content (1.27 mg/mL). Total carotenoid contents in juices from different
citrus varieties were higher than those reported by Xu et al. (2008). These differences may be due
to the geographic factors, cultivar, methods of extraction and analyses. Vitamin C values of citrus
juices were varied from 46.06 mg/100 mL to 86.01 mg/100 mL. The highest vitamin C content

was found in Klemantin Fino, while the lowest content was found in Interdonato in this study.

Table 2. Total carotenoid, Vitamin C and 1Csg values of citrus varieties*

Varieties Species Total carotenoid Vitamin C 1Cs0 (L)
content (mg/mL) (mg/100 mL)

Klemantin Fino Mandarin 1.37+£0.03 £ 86.01+6.22 a 52.88+0.02 g
Yerli Apireno Mandarin 1.86+0.03 a 65.64+5.89 ¢ 84.54+0.02 b
Star Ruby Grapefruit 1.47+0.03 ¢ 76.444+2.63 b 82.73+0.02 d
Marsh Seedless Grapefruit 1.66+£0.03 ¢ 72.8942.58 b 112.84+0.02 a
Interdonato Lemon 1.57+0.03 d 46.06+1.41 d 84.33+0.01 ¢
Common Sour Orange Sour Orange | 1.76+0.03 b 74.49+2.21D 66.16+0.01 f
Yerli A-41 Bergamot 1.27+0.03 g 73.27£1.67b 67.26£0.01 e

*Means with different letters within the same column represent significant differences at P<0.05
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Our values for mandarins, grapefruits, lemon and sour orange were higher than reported
by Ersus and Cam (2007), Xu et al. (2008), and Sdiri et al. (2012). The content of vitamin C in
bergamot was lower than the values reported by Sicari et al. (2016). Genotypic factors, climatic
conditions, cultural practices, harvest time and processing methods affect the vitamin C content of
fruits and vegetables (Lee and Kader, 2000).

The antioxidant activities of citrus juices were determined by DPPH free radical
scavenging method in this study and were expressed as ICso. This value is expresses the amount
of antioxidant needed to decrease the radical concentration by 50%. So, lower ICs value means a
higher antioxidant activity of the sample (Kelebek, 2010). ICso values for citrus juices ranked
52.88-122.84 uL. The highest ICso value was recorded in Marsh Seedless and the lowest in
Klemantin Fino. Among the citrus varieties, Klemantin Fino had the highest antioxidant activity,
followed by Common Sour Orange and Yerli A-41.

CONCLUSIONS

Total phenolic, flavonoid, carotenoid, vitamin C and antioxidant activity of juices obtained
from seven citrus varieties were evaluated in this study. Significant differences were statistically
observed among citrus varieties in terms of investigated parameters. The antioxidant properties of
citrus juices were influenced by the type of varieties. Our results suggest that citrus fruits are a
potential antioxidant sources and can be provide important information for breeding studies,
consumers and processing industry. In addition, citrus varieties studied in this work can be
potentially for food and nutraceutical formulations. Further studies on the individual bioactive
components of citrus varieties are necessary to evaluate their potential health benefits.
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ABSTRACT

Drying is a food preservation method in which water is removed from the material. By reducing
the value of water activity by the drying process, it provides suitable conditions to prevent
especially microbiological activities in food products. With the drying process, storage conditions
are easier and are generally preferred due to economic gain. The environmental condition during
ripening, harvesting drying and storage of plum seem favourable for mold growth and mycotoxin
production in fruits. Ochratoxin A (OTA) is a toxic secondary metabolite, naturally produced by
species mold. As far as humans concerned, the International Agency for Research on Cancer
classified OTA as a possible carcinogen to humans. In this study, plum samples which were dried
by using 2 different drying methods and were stored at room temperature for two years. Samples
were dried in the sun and two different microwave power and analyzed in terms of their OTA
content by HPLC-FLD after pre-separation using immunoaffinity columns in 2 replicates in 2
parallels. The HPLC system was an Agilent 1260 Infinity system with an autosampler using a
fluorescence detector. The wavelengths for excitation and emission were 333 nm and 460 nm,
respectively. The chromatographic column was 5 um ODS C18, 250 x 4.6 mm column. The mobile
phase used for OTA analysis was a mixture of water, acetonitrile, and acetic acid (49.5:49.5:1 %;
v/vIv). The flow rate was 0.8 mL/ min, and the column temperature was maintained at 25 °C. The
injection volume was 100 uL. As a result, OTA was not detected in both sun and microwave dried
plums. It is believed that careful selection of raw materials during the drying and fulfilling
recommended production and storage requirements may prevent the emergence of OTA.

Keywords: OTA, Plum, Drying, Microwave

INTRODUCTION

Plum is rich fruit in antioxidants and fibre and contributes significantly to human nutrition
(Atici, 2013). The plum, a kind of temperate climate fruit, has many uses according to different
consumption habits of the societies. Drying is a food preservation method in which water is
removed from the material. It is applied to prevent microbial and chemical deterioration and to
increase the shelf life (Kart, 2017). Unwanted changes in water activity by drying process are
brought to suitable conditions to prevent especially microbiological activities in food products
(Kartal, 2011). Together with the drying process, storage conditions are easier and are generally
preferred due to economic gain. Important part of agricultural products can be stored dried (Er,
2011). As dried fruits contain essential amino acids, vitamins, minerals and rich dietary fibre that
are useful for protecting health, they have become an increasingly attractive snack food (Asghar
etal., 2017). Foods are dried either by using solar heat or by using heat from other sources. These
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two separate applications are named "drying in the sun" and "artificial drying" (Cemeroglu, 2011).
It is not possible to control hygienic conditions in sun-dried products. In addition, the dried product
is contaminated by various insects, birds and similar in the open area. In the artificial drying
process, the product is more hygienic in terms of microbiological and controlled drying process
can be performed (Cemeroglu, 2011; Ayan, 2010). The plum is dried by artificial drying methods
with hot air. And heat transfer is carried out by transport and transmission mechanisms. Depending
on this, drying is faster than drying in the sun, but it is not fast enough. Slow drying causes some
problems. In particular, fermentation occurs in the core zone and in the quality losses during the
drying of the whole plum. Because of these problems encountered in the dried plums, whole dried
plums are usually divided into two (Kart, 2017).

Mycotoxins are secondary metabolites produced by toxigenic fungi during the field and/or
during storage, showing various effects on human health. Levels may change according to the
season, growth areas and storage conditions. They are also very stable in different conditions and
therefore are difficult to be eliminated from the food chain. This is food security worldwide and
causes losses in food production that affect international trade (Perrin et al., 2015; Wang et al.,
2018; Wang et al., 2018b). Numerous studies have shown that mycotoxins can cause DNA damage
and are harmful to human and animal health even at low concentrations (Li et al., 2017). The most
important mycotoxins emerging from dry plums are AF (B1, B2, G1 and G2) and OTA (Ozer et
al., 2012). Ochratoxin is a mycotoxin produced by some Aspergillus and Penicillium species.
Ochratoxin A is the most common and most toxic type. Ochratoxin (OTA); It is a colorless,
crystalline compound that gives fluorescence under UV light (Ringot et al., 2006). The most
common and most toxic type for food is OTA (Tosun et al., 2006). It has nephrotoxic,
carcinogenic, genotoxic, immunosuppressive, teratogenic, mutagenic and hepatotoxic effects on
human health (Ringot et al., 2006). The exposure of people to OTA is most likely due to the low-
level contamination of different foods in a wide range (Cabanes and Bragulat, 2018). In terms of
the amount of OTA contained in foodstuffs, limit values have been determined by both national
and international organizations (G6kmen, 2016). In the European Union, the maximum amount of
OTA that foodstuffs may contain is determined by the Regulation (EC) No: 1881/2006; limit
values determined according to Turkish Food Codex Contamination Regulation are used for
domestic market products. According to this regulation; there is no limit on dry plum; but the
maximum amount of OTA that can be found in dried grapes is 10 ppb (10 pg/kg) (Anon, 2018).

The stages of drying the fruit vary according to the product, but they can be sorted in general
as elimination, washing, sizing, peeling, slicing-division and pitting. Drying may be terminated by
drying in grapes 15-20%, 16-20% in plums, 15-18% in apricots, 25-28% in peaches and 18-20%
in apples (Drusch and Ragab, 2003). Dried fruit due to inadequate drying or inadequate storage
conditions are products sensitive to mold contamination and mycotoxin formation. Mycotoxin
formation in dried products can occur at any stage of pre-harvest, harvest, drying, packaging and
storage. The risk of mycotoxin formation is significantly reduced when the water activity value of
the product is reduced to a level that prevents mold growth (Giirhayta and Cagindi, 2015).
measures to protect crops from mold formation and mycotoxin formation must be started before
harvest. Storage is the riskiest step in mycosis and mycotoxin synthesis (Drusch and Ragab, 2003).
Many research on dried fruit is concerned with fruits that grow in hot climates such as figs and
grapes. However, the available data on dried dates, prunes, apricots are very limited. To identify
the true mycotoxin risk in dry fruits other than dried figs and grapes, these crops should be better
studied using increasing sample numbers and standardized methodology (Ozer et al., 2012). In this
study, aiming to determine the result of Ochratoxin A of plum samples dried by using 2 different
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drying methods including sun and microwave (2 different microwave powers) and stored at room
temperature for two years.

MATERIALS AND METHODS

Material

In this research, damson plum (Prunus domestica subsp. Insititia) which was obtained from
Izmir was used. Plum samples were brought to the laboratory of Manisa Celal Bayar University
Department of Food Engineering where experiments were carried out and kept at +4 °C and 80-
90% relative humidity.

Methods
Preparation of samples

Plums that are not suitable for drying are subjected to the sorting process. It is very important
that the plums are the same size for uniform drying. For this purpose, the extracted plums were
sized. Plums were dipped for 1 min with 1% NaOH solution at 55 °C. After the dipping process,
the plums were washed under running water for 1 min. After washing, in order to remove excess
water on the plums, they were left in the filter for 5 minutes. Plums were cut in half with a knife
and pitted. The samples were prepared in 2 replicates in 2 parallels.

Natural drying on the sun

The plums, divided in two, were placed one day with the cut surface facing up, and the next
day with the cut surface facing down. Plums were kept in the sun between August 30, 2016, and
September 20, 2016, between 09: 00-21: 00 hours and taken to the laboratory environment to
minimize humidity change during evening/night hours. Among these dates, the highest
temperature average measured in Manisa was recorded as 33.7 °C and the lowest temperature
average was recorded as 19.4 °C. Whether the plums reached the final dry matter content (82%)
was determined by monitoring their weight throughout the drying period. The dried plums were
allowed to cool at room temperature for a while. It is then wrapped in aluminium foil placed in the
refrigerator bag and filled into capped glass jars and stored until deep-freezing to be analyzed. The
samples were coded as SD.

Drying with microwave (MW)

In the MW drying process, a kitchen type microwave oven (AR 245, Arzum, Turkey) was used.
Samples were dried in the microwave at 2 different power levels (720 W (P80) and 900 W (P100)).
All the drying operations were carried out with 400 g of fresh plums. The drying process was
applied for 20 s while applying power and waiting for 20 s. Whether the plums reached the final
dry matter content (82%) was determined by monitoring their weight throughout the drying period.
Dried plums were kept in the room for 5 minutes, then wrapped in aluminium foil, which was
transferred to the refrigerator bag for hot packaging, and filled into capped glass jars and stored
until deep-freezing.

Drying time

The drying period of the plum samples was carried out following the reduction of the weight of
the samples during the drying process. Approximately 400 g of fresh plums were placed in each
drying cycle, with a known dry matter starting ratio and the sample weight was monitored at 5 min
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intervals. The weight of the product has been determined by the dry matter test to reach the final
product content of 82% (18% moisture content). When the product reached this weight, the drying
process was terminated and the drying time was recorded.

Determination of water activity

The water activity determination in the dried plum samples was carried out using a measuring
set comprising a water activity measuring probe connected to a data logger (Testo 400, Germany).
For this purpose, the dried plums were cut into small pieces and the water activity value was read
after placing approximately 3 g of the sample in the measuring chamber and waiting until the
relative humidity in the container reached the equilibrium (Kart, 2017).

Analysis of Ochratoxin A
For the analysis of ochratoxin AOAC method 2000.03, Shundo et al., 2009 method was used
and some modifications were made.

Extraction

A 10 g of the sample was mixed and stirred at medium speed for 3 minutes on a stirrer (Waring,
USA) with the addition of 2.5 g of NaCl and 100 mL of MeOH: acetonitrile: water (4:4:2%; v: v:
V) (HPLC purity). The mixture was passed through a filter paper (Whatman No. 4), and 10 mL of
this filtrate was taken and mixed with 40 mL of phosphate buffered salt solution. The mixture was
centrifuged at 4000 rev/min speed and, at 4 °C. Then, the supernatant was filtered with a 1.5 pm
microfiber filter to make the immunoaffinity suitable for passage through the colon.

Immunoaffinity column

Immunoaffinity columns (Ochratest, Vicam, USA) were attached onto a vacuum manifold at a rate of
2-3 mL/min was passed through the column so as to provide a total of 10 mL of filtrate. Thus, OTA is
retained by the antibody. After all of the sample was passed through the column, the column was washed
by passing 10 mL of PBS solution through the column at the same flow rate and then passing 10 mL of
ultrapure water. For extraction OTA from column, 1.5 mL of MeOH (HPLC grade) and 1.5 mL of ultrapure
water were passed through the column respectively to provide solvent aeration of OTA.

HPLC system
Table 1 gives the chromatographic conditions for the analysis of OTA.

Table 1. Chromatographic conditions for analysis of OTA

HPLC system: Agilent 1260 Infinity model
Detector Fluorescence detector
Ext 333 nm
Em 460 nm
Column Termo Scientific C18 column (4,6 mm x 250 mm; 5 um)
Flow rate 0,8 mL/min.
Injection volume 100 pListe!
Column temperature 25 °C
Mobile phase: Water: acetonitrile: acetic acid (49.5:49.5:1%; v:v:v)
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A 40 pL of a 1 mL standard mixture (50 pug / mL OTA) containing OTA (Spelco, Sigma-
Aldrich, USA) was transferred to a 10 mL balloon bag, and a second-stage standard 0,2 ug/mL
OTA) was obtained by adding 960 pL of methanol over this. In order to prepare the third step
standard, the second step was completed by taking 100 pL of a standard ball from the standard and
injecting 10 mL with the mobil phase. Then, 5 standard series were prepared using the third stage
standard (0.002 ug/mL OTA).

RESULTS AND DISCUSSION

The drying time values of the plum samples were subjected to microwave drying process on
the sun and at two different powers (720 W (P80) and 900 W (P100)) are given in Table 2. It has
been determined that 4 days and 14 hours for half-dried plums on the sun. Microwave drying is
made on the highest power value half plum drying time for the drying operation 26 min 27 s P100,
P80 was determined to be 27 min 7 h for drying.

Table 2. Drying time of plums

Drying method Time
SD 4 days 14 h
P100 26 min. 27 s
P80 27 min. 7s

As a result, drying in the microwave seems to significantly reduce the drying time compared
to drying in the sun. The increase in microwave power applied to the specimens caused a decrease
in drying time. Michalska et al., 2016 different microwave power from the microwave vacuum
drying time in the study from 32 to 120 minutes and dried plum convection-microwave pre-drying
the final drying times were determined as 394 to 664 min. Baysal et al., 2015 study conducted in
the microwave drying process apple slices were calculated at 20 minutes.

The water activity values of the plum samples subjected to microwave drying at the sun and at
two different powers (720 and 900 W) are given in Table 3.

It was noted that the water activity value of fresh plum being used was reduced to 0.60-0.68
in dried samples with both methods and figures. It is seen that these values are at a level which can
provide the product safely in terms of microbiology (Ozay 1993).

Table 3. Water activity values of dried plums

Drying method aw
SD 0.60 +£0.02
P100 0.66 +0.07
P80 0.65 +0.09

Water activity is an important physicochemical property in food technology. Unlike moisture
value, it determines physical, chemical and microbiological stability in food quality. In fresh fruit
with high water content, the water activity values of 0.97-0.99 are dried down to 0.60 aw. It has
been found that the water activity values in dry fruits vary between 0,505 and 0,694 (Ozay, 1993).
Rodriguez et al., 2015, found that fresh water activity values in the range of 0,966+0,002. After
drying, water activity values varied between 0.441 and 0.845 depending on the experimental
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conditions (Rodriguez et al., 2015). lamanaka et al., 2005 found that the aw value of dried plums
was in the range of 0.712-0.863 and the mean was 0.796. The water activity values obtained for
the drying types are close to these values and are compatible with our work. OTA was not found
on dried plums both in the sun and in the microwave. It is considered that raw materials are
carefully selected during the drying process and prevent OTA from emerging if the recommended
production and storage requirements are met. lamanaka et al., 2005, reported that Ochratoxin A
value was below the detection limit of <0.1 mg/kg in 19 samples and OTA value was 0.1-5.0
mg/kg in 1 sample using 20 plum samples. Heshmati et al., 2017 reported that OTA levels in all
dried fruit species (mulberry, dates, figs and apricots) were under EU regulation (10 mg/kg) and
in the MOE> 10000 levels below the toxicologically non-toxic level for consumers. Ozer et al.
(2012) studies on mycotoxin contamination of plums indicate that OTA formation is the major
mycotoxin problem in these fruits.

CONCLUSIONS

In this study, plum samples which were dried by using 2 different drying methods and were
stored at room temperature for two years. Mycotoxins are one of the most important risk factors
of agricultural product quality and safety. Studies on the risk assessment of mycotoxins are
drawing more and more attention on a global scale. OTA formation in dried fruit is a threat to
human health. Consumers often do not consume visible moldy or rotten fresh fruit. However, when
rotten or moldy raw materials are used to produce dried fruit, mycotoxins can form at intensive
levels. Therefore, strong fruits should be used in dry fruit production, the product should be dried
quickly and stored under dry conditions. Today, due to taste and nutritional values, especially in
European countries, prunes consumption is increasing in countries outside production areas.
Because dried fruits are often consumed directly, the consumer must be aware of the quality and
safety of these products. As a result of the work done, OTA was not found in dried plums on both
sun and microwave. It has also been observed that microwave technology could be an alternative
drying method in plum drying.
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ABSTRACT

Our research aimed at developing a protocol for breeding Kalanchoe blossfeldiana in vitro for the
purpose of obtaining a large number of plants free of viruses as well as a good rate of
multiplication. Three concentrations of sodium hypochlorite (10%, 15%, 20%) solutions were used
for disinfection. To initiate the cultivation of uninodal segments we used three growing mediums:
the Murashige & Skooq initiation, Murashige and Skooq with IBA 0,1 mg/l and BAP 0,1 mg/l,
Murashige & Skooq with BA 0,1 mg/l, IBA 0,5 mg/l and 30 g/l sucrose content and the
multiplication crops were made in Gamborg B5 with IBA 0,01 mg/l, BA 0,1 mg/l and sucrose 20
g/l. Out of the three different concentrations of disinfection, the best results were obtained by using
10 % sodium hypochlorite. For testing the culture mediums we took into account the average
number of leaves and roots; the best results were obtained on the Murashige and Skooq culture
medium, while the Gamborg B5 culture medium showed significant differences. The same applies
to the average number of roots analyzed is on the MS culture mediums. Based on the results
obtained, we can recommend for the purpose of in vitro propagation of Kalanchoe blossfeldiana
species both Murashige & Skooq with BA 0,1 mg/Il, IBA 0,5 mg/l and 30 g/l sucrose and rooting
on MS without hormones.

Keywords: Kalanchoe, In vitro, Explant, Culture medium

INTRODUCTION

Kalanchoe is a perennial and herbaceous plant, which is part of the Crassulaceae family. The
genus Kalanchoe includes approximately 200 species of succulents originating in South Africa
and Madagascar. The word Kalanchoe derives from “Kalan Cauhuy” which can be translated to
"the drops and increases"”. The genus Kalanchoe was described for the first time in 1973, by
botanist Michel Adanson (1727-1806), who was of Scottish-French  origin.
Among Kalanchoe species, the most cultivated are Kalanchoe hybrida Hort. or sunflower of coral
and Kalanchoe blossfeldiana (Flaming over Katy, Panda Plant), originating from Northern
Madagascar, hereinafter referred to as such in honor of the German botanist Robert Blossfeld
(1882-1945) who, in 1932, introduced a culture in Potsdam, Germany. The plant’s small, white
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flowers, which can be star-shaped or involute, are grouped into inflorescence umbels. The colors
range from vivid shades of red, pink, orange, yellow or white, violet. Kalanchoe can be propagated
mainly through young shoot cuttings. Propagation can also be achieved via seeds. If the plant is
cultivated outdoors, it must be protected from freezing. (Toma, 2014) Being a slow-growing plant,
it is extremely important to develop a system of very fast-growing tissues. One of the most
extensive farming techniques of tissue culture is micropropagation, as it is very efficient, mainly
because of the possibility to multiply virus free plants and because it may be a better alternative to
multiplying by seeds and cuttings. In 1990, Dickens C.V.S and J. Van Staden at the University of
Pietermaritzbug Natal in South Africa, published the study "The in vitro flowering of Kalanchoe
blossfeldiana Poellniz. The effects of growth regulators and gallic acid". For this study explants
from Kalanchoe blossfeldiana were used. These were subsequently cloned and multiplied by
vegetative means. In vitro they have been grown in an environment which is composed of mineral
salts, sucrose and agar, having a pH of 5.8, and under long day conditions (18 h of light from
fluorescent tubes and glow plugs) at a temperature of 25 °C. Going further, in 1992 a study by
researchers Maria loannou and N. loannou is published at the Institute for Agricultural Research
in Nicosia, Cyprus, on in vitro propagation of leaf segments (both basal and apex types) of
Kalanchoe blossfeldiana. For this experiment leaves of healthy Kalanchoe were used, reared
outdoors, which were washed with water and disinfected with a combination of soap and water as
well as a solution with a concentration of 15% chlorine, for 15 minutes, and then were rinsed three
times with distilled water. The results obtained demonstrated that the in vitro production of plants
of Kalanchoe blossfeldiana fragments of leaves is a viable propagation method.

MATERIAL AND METHODS

Kalanchoe is a plant that propagates quite easily through stem and leaf cuttings, but this method
is slow and inadequate, and thus, it’s in vitro multiplication has become essential (Stanica, 2004).
Plants resulting from in vitro multiplication process show better development of stems and their
branches as well as shorter internodes, which are some of the preferred commercial characteristics.
(Peticila A., 2015) All the plant material used in this study was taken from plants of Kalanchoe
blossfeldiana, produced and grown in a greenhouse in the Netherlands. Uniondale segments were
used as explants, and the research was carried out within the Micro-Specimen Laboratory within
the Research Center for Food and Agricultural Products of the University of Agricultural Sciences
and Veterinary Medicine in Bucharest.

Preparation of explants

After the separation from the mother plant, the uninodal segments were washed with running
water for 5 minutes, followed by a fungicide disinfection, followed by successive rinses with
sterile distilled water. The sterilization processes was carried out by submerging the explants in a
70% ethanol solution, followed by two rinses with sterilized distilled water for 5 minutes. Finally,
the uninodal segments were disinfected with 0.4% NaOCI, then rinsed 3 times, for 5 minutes each,
in sterile distilled water. Three such disinfection protocols were used as show in the Table 1.
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Table 1. The desinfection protocols used

Protocol options Ingredients Time
Option 1 Distilled water (rinsing) 5 minutes
Fungicide 4.5g /1 3 minutes
Distilled water (rinsing) 2x5 minutes
Ethanol 70% 3 seconds
Distilled sterile water (rinsing) | 5 minutes
NaOCI 0.4% per 100gr (10% 5 minutes
commercial bleach)
Distilled sterile water (rinsing) .
3x5 minutes
Option 2 Distilled water (rinsing) 5 minutes
Fungicide 4.5g /| 5 minutes
Distilled water (rinsing) 2x5 minutes
Ethanol 70% 20 seconds
Distilled sterile water (rinsing) | 5 minutes
NaOCI 0.4% per 100gr (15% 15 minutes
commercial bleach) )
3x5 minutes
Distilled sterile water (rinsing)
Option 3 Distilled water (rinsing) 5 minutes
Fungicide 4.5g /1 5 minutes
Distilled water (rinsing) 2x5 minutes
Ethanol 70% 20 seconds
Distilled sterile water (rinsing) | 5 minutes
NaOCI 0.4% per 100gr (20% 15 minutes
commercial bleach)
Distilled sterile water (rinsing) )
3x5 minutes

Culture medium used

During our research, the in vitro multiplication procedure of Kalanchoe blossfeldiana consisted
of three stages: Stage 1 - initiation of in vitro culture for the formation of new plant organs, stage
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2 - replication in a multiplication medium of the newly formed individual plantlets (obtained in
the previous step) for stem growth and root formation, and step 3 - in vivo transfer of plants and
their acclimatization. The basic culture medium used in our research contains inorganic salts MS
(Murashige and Skoog) supplemented with Fe chelate, vitamins, inositol, sucrose and agar. The
composition of the medium is detailed in the table below. In the culture initiation medium (MS +,
MS -), BA and IBA were added in varying proportions, and both added growth hormone mediums
and no growth hormone mediums were used to stimulate root formation and development, in order
to better test their role in the roots formation and growth process. Also, a B5S (Gamborg) medium
was used in the multiplication step (Table 2). The pH of the medium was adjusted to 5.7, 5.8 and
5.9 (by alkalinisation with either 1N NaOH - to lower the pH or HCI - to increase the pH).

Table 2. The culture medium used

MS(-) Medium MS(+) Medium MS modified Medium | B5 Medium
Microelements | 1ml Microelements | 1ml Microelements | Iml | Microelements | 1ml
MS 100X MS 100X MS 100X MS 100X
Macroelements | 100ml | Macroelements | 100ml | Macroelements | 100 | Macroelements | 100ml
MS 10X MS 10X MS 10X ml MS 10X
Iron Chelate 5ml Iron Chelate 5ml Iron Chelate 5ml | Iron Chelate 5ml
FeNaEDTA FeNaEDTA FeNaEDTA FeNaEDTA
200x 200x 200x 200x
Vitamins MS 10ml | Vitamins MS 10ml | Vitamins MS 10ml | Vitamins MS 10ml
100X 100X 100X 100X
Nicotinic acid Nicotinic acid Nicotinic acid Nicotinic acid
Thiamine HCI Thiamine HCI Thiamine HCI Thiamine HCI
Pyridoxine HCI Pyridoxine HCI Pyridoxine HCI Pyridoxine HCI
Inositol 100X | 10ml | Inositol 100X | 10ml | Inositol 100X | 10ml | Inositol 100X | 10ml

Indol-3-butiric benzyladenine Indol-3-butiric

acid IBA BA 0.1 mg/l acid IBA

0.1mg/l Indol-3-butiric 0.01mg/I

BA acid IBA BA

benzyladenine 0.5mg/l benzyladenine

0.1mg/l 0.1mg/l
Sucrose 259 Sucrose 25¢g Sucrose 30g | Sucrose 20g
Agar 79 Agar 79 Agar 79 Agar 79
Distilled water upto 1 | Distilled water upto 1 | Distilled water upto 1 | Distilled water up to 1
liter liter liter liter

Culture initiation

The uniondale segments of Kalanchoe blossfeldiana were subjected to the disinfection
protocol described above, then they were transferred to tubes containing the culture medium
necessary for plant regeneration. The tubes were labeled and stored in the growth room for 20 days
at a temperature of 22°C and a humidity of 30-40% under white fluorescent light for 9 hours of
darkness and 15 hours of light. The explants were monitored weekly to observe the effects of
disinfection and possible developments of the new plant (measurements of leaves, number of buds,
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mean leaf size and number of roots were taken). Disinfection efficiency was recorded 19 days after
inoculation by visual determinations of contamination.

Culture multiplication

In the second stage of our research, the explants (that were inoculated during the in vitro culture
initiation) were multiplied in new culture mediums, both MS + and MS-. In view of the fact that
Kalanchoe blossfeldiana shoots become semi-lignified when mature, a B5 medium (Gamborg),
which is a medium dedicated to the micropropagation of woody plants, was used in order to
observe its effects on the development of stems and shoots. Two multiplications of the viable
explants were made, their evolution being followed for 9 weeks. Throughout this period,
measurements and observations were made regarding the length and number of shoots, the number
of buds, the number of leaves and their average size, the number of roots and the number of resulted
plants, in order to be interpreted and analyzed. The plants were prepared for in vivo transfer and
acclimatization after approximately 12 weeks since the initiation of culture took place.

Acclimatization

The plants with already formed and developed roots were removed from the tubes or jars when
their width (stem and leaves) was 1.5 to 4 cm (approximately 12 weeks from inoculation), and
when the roots were viable. After the roots were washed with running water in order to remove
the agar and sucrose, the plants were transferred to a substrate consisting of a mixture (previously
sterilized for 20 minutes at 121 ° C) of peat and perlite in seed-starting trays.

RESULTS

We started our research started with 60 explants of Kalanchoe blossfeldiana, represented by
uninodal segments of approximately 0.5 cm, which were subjected, before inoculation, to the
disinfection protocol described above. 10 uninodal segments were inoculated in MS + medium
and 10 similar segments were inoculated in MS — medium - for each of the options represented
by the disinfectant solution. The first observations on explant evolution occurred 19 days after
inoculation. One of the 20 inoculated explants had an infection, while the rest of the plants
(leaves, buds and even roots) showed growth. Table 3.

Table 3. Evolution of explants according to the disinfection protocol used

Desinfection substance and concentration | Culture medium Number of viable explants
NaOClI 10% MS + 9
MS - 10
NaOCl 15% MS+ 2
MS - 6
NaOCI 20% MS + 0
MS- 0
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In the following period, approximately 10 days later, observations and measurements were
made on the inoculated plants on the two types of mediums (MS + and MS -), observing the
development of their organs (buds, leaves, roots) as well as their number and size. As a result of
the measurements, the largest growths were recorded in the case of explants inoculated on the MS
— culture medium - (in terms of both leaf number and root development - only 20%).

After 20 days, the first plant multiplication after the initial inoculation is made. The 19
remaining plants show both leaf and root growth, two of the explants growing roots within the first
10 days of inoculation. Following the multiplication, 34 new explants resulted. 17 of these were
inoculated on MS — medium without growth hormones, while the remaining 17 were inoculated
on the B5 medium (Gamborg), the medium dedicated to the multiplication of woody plants, in
order to test its influence on the growth and development of the organs of the plant, to which IBA
(0.1mg /1) and BA (0.1mg /) were added.

Table 4 shows the development of the number of plants inoculated within the first experiment,
throughout these 22 days.

Table 4. Evolution of explants subjected to the first disinfection option (NaOcl 10%) 11.10.2017

Date Culture medium | Type of explant | Primordia formation
30.10.2017 MS + 9uUs 8
MS - 11 US 11
15.11.2017 MS+ 8 US 8
MS- 11US 11
20.11.2017 MS+ 8 US 8
MS- 11 US 11

US = Uninodale segments

19 days after inoculation, the plants that were placed in the MS — culture medium had a total
number of leaves of 23 (with a total average size of 16.5 mm), the number of buds were 14 and
the total number of the roots was 10, while the explants on MS + medium had a total number of
leaves of 53 (with a total average size of 20.5 mm), the number of buds were 14 and the total
number of roots were 8.

DISCUSSION

During the next 15 days, there was an increase in both the number of leaves and their size
(especially for MS + cultivar plants) and roots, especially for those inoculated on the MS —
medium, as follows: in 15 days, the total number of plant leaves on the MS + culture medium
increased from 53 to 81 (and the average size from 20.5 mm to 26.5 mm), the number of buds
remained unchanged. Regarding the roots, it was noted that only 2 out of the 8 explants developed
roots, their total number remaining 8, the same as at the October 30 measurement. In contrast, the
uninodal segments that were inoculated on the MS — culture medium - had better root development,
with all plants showing root primordia in a total of 26 and a total number of buds of 19. In terms
of total number of leaves, this recorded a significant increase from 23 to 54.

The last observations and measurements before multiplication were done for 45 days. During
this stage, the 11 plants on MS — developed a total number of 73 leaves (with a total average size
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of 25.7mm), the number of roots increased to 39, and bud number remained unchanged while for
the plants inoculated on the MS + medium, there was a small increase in the number of leaves
(from 81 to 90), having a total average size of 26.5 mm, while the number of roots remained
relatively small, 12 compared to the previous measurement when they were only 8. Following this
experiment, attention was directed to the 34 plants from the first experiment, which were subjected
to new measurements at a 10-day interval.

18 days after inoculation, we noticed that out of the 17 explants in the MS — cultured medium,
only two had roots (the total number of roots was 3), and 5 showed stagnation (lack of new
development). For the remaining 10 plants, the formation of new leaves was noted, their total
number being 54 (with a total average size of 22 mm). As far as the B5 plants are concerned, 2
developed roots (their total number being 3), 7 registered stagnation, and the remaining 11 had a
total number of leaves of 17 (16.7 mm total average). The next measurement after 10 days showed
that the number of plants inoculated on the MS medium — which developed roots reached 9 with a
total number of roots of 63), and the number of plants that have registered stagnation was reduced
to 2, thus 15 plants presented leaf system development (the total number of leaves increased to 71
with a total mean size of 37.2 mm). For the B5 plants, it was noted that the number of those that
showed stagnation remained the same (7), while the number of rooted plants increased by 6 (total
number of roots - 49). The last measurement was done after 20 days. As a result, it was decided to
acclimatize (in vivo) the plants that were quite developed in terms of shoots and leaves, as well as
roots. Thus, the seven plants both on the MS —and B5 mediums and on the B5-medium, developed
roots (in a total of 89).

DS5% for three mean mediums 3.8 - 3.9

From the above data, resulting from the monofactorial experience, where one of the factors is the
culture medium and the other from the dynamics of the explant development and analyzed with
the Duncan test, we concluded that there are significant differences between the MS and B5 culture
mediums in favor of MS and between the two MS mediums, MS + was significant for the average
number of leaves while MS- was significant for the average number of roots (Table 5).

Table 5. Results of Duncan test

Medium Average no of leaves Average no of roots
MS- 143 a 13.7 a
MS+ 15.0a 12.0a
B5 10.3b 6.3b

After 30 days a new acclimatization process was done for the rest of the plants remaining in the
culture medium, and it was noted that the acclimatization was done successfully for all plants, the
acclimatization rate being 100%.

CONCLUSIONS

The most effective disinfection protocol was the one employing a 10% NaOCI (0.4%) solution
with a 5 minute disinfection time (95% of the plants remained viable, while the infection rate was
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only 5%), the uninodal segments used turned out to be quite sensitive to a higher concentration of
disinfectant.

The best results (the longest shoot length, the largest number of leaves, the largest number of
roots and the longest roots) were obtained for plants inoculated in the culture medium without
growth hormones, which could be explained by the fact that Kalanchoe blossfeldiana naturally
produces a sufficient level of auxins and cytokinins, so their addition to the culture medium did
not significantly influence plant development.
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ABSTRACT

This study was conducted at Khartoum New International Airport, South Omdurman area,
Khartoum State, Sudan. A complete randomized block design was followed to study the effect of
Holes and Crescents water harvesting techniques on the soil moisture content soil sample were
taken prior and immediately after rains and at three weeks intervals. The results indicated that the
Holes and Crescents water harvesting techniques affected positively some soil physical properties
especially at the upper soil layer (0 — 30 cm) which was subjected to excavation by a loader. These
soil properties included porosity, field capacity and infiltration rate as they have direct influence
on the soil moisture content. The Holes water harvesting techniques showed an increase of 15%
in soil moisture content resulting in better improvement of the soil physical properties as compared
to the Crescents water harvesting techniques, hence the farmer techniques recommended for
adoption.

Keywords Holes, Crescents, Water harvesting technique, Infiltration rate, Field capacity,
Moisture content

INTRODUCTION

One of the major critical problems of agriculture is water conservation, especially in rainfed
areas. Sound soil and water conservation is based on full integration of engineering, plant and soil
sciences. It is essential to develop sound practice that will permit the entrapment and storage in
soil profile a greater percentage of available precipitation as by water harvesting techniques which
provide an entirely new potential source of water. Water has an essential role in sustaining life and
development especially in arid and semiarid regions. According to the United Nations (2003),
water resources are envisaged decline steadily because of population growth, pollution and
frequent climate changes due to the problem of global warming. Hence, the water crisis is getting
more attention among all countries specially the developing ones. Therefore, new strategies and
techniques to deal with water problems are highly needed. Water harvesting and spreading
techniques succeeded in providing feasible solutions for improving the living conditions of
millions of people facing serious domestic water supply problems. Water harvesting goes back in
the old history. It is an old and ancient method for collecting water, practiced by man since life
existed on this planet. Much of the early history of rain water harvesting has its origin in many
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parts of the world. The old civilizations developed in western Asia and in central and northern
Africa gave strong evidences that they had known water harvesting. In Europe, especially in small
islands with no significant river systems, rain water is the only source of water. The island of
Gibraltar has one of the largest rain water collection systems in existence. (UNEP, 1983) and
(UCWR, 2003). In Sudan the central clay plains, east of the Nile, the use of earth bunds (Terases)
are familiar to intercept sheet-flow runoff, following heavy storms, from adjacent catchments.
Sixty and seventy percent of runoff is concentrated in the flood period from June to September
(Kutsch, 1982; Ahmed and Eldaw, 2003).
This study was conducted with a view to attaining the following objectives:
1. To compare different water harvesting techniques on the basis of soil moisture content
(SMCQC).
2. To examine the viability of improving the physical condition of the soil.

MATERIALS AND METHODS

The study area:
Site location:
The study was conducted at Khartoum New International Airport (KNIA) in the south western
direction of Omdurman, Khartoum State at Latitude 15° 13 N and Longitude 32° 19 E, at adistance
of 50 km South of Khartoum center and 20 km west of the White Nile River.

Meteorological and Soil data:
Rainfall:

The rainy season normally falls between July and September each year and the annual average
rainfall is about 150 mm. The effective rainy season starts in late June, increases in July and
reaches its peak in August.

Topography:
The topography of the study area is generally fairly flat but few isolated ridges and sand dunes
may be observed in the western part of the site and the ground surface slopes gently to the east.

Vegetation:

Harrison and Jackson (1955) stated that vegetation of the study area is dominated by Acacia
tortilis and Maeruacrassifolia desert scrub. Generally, the natural grazing area in Khartoum state
is estimated as 40% of total area. The annual grasses and herbs form about 75% of the natural
vegetation cover, while the perennial grasses and shrubs/trees form 5% and 20%, respectively. In
summary the degradation of the study area is characterized by the disappearance of trees cover
mainly due to conflict between people needs and woodland preservation. Thus, the whole state has
badly denuded of its natural tree cover.

Climate:
The climate is hot, dry, dusty during the summer season and dry, cold during the winter.

Soil:
The area is covered by a light brown and very thin gravely sand layer (about 10mm thick), and
few angular to sub-angular, 20 to 60mm sized fragments of the ferruginous sandstone. The
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southern part of the site is covered by sandy gravel probably formed due to the weathering of
Nubian Group rocks which are outcropping in some places in the area. Runoff usually occurs
during heavy rains.

Experimental treatments:

These included two water harvesting techniques which were constructed before the onset of
the rainy season; each treatment was represented by a block which included the plant species. The
Holes and Crescents types of water harvesting techniques were used; mainly because the site is
known to be extremely rough terrain.

(a) Holes (Deep pits) technique:

Each Hole was 2.5 m in width, 4 m in length and 50 cm deep. The distance between holes in
the row was 10 meters while the distance between rows was also 10 meters. The slope direction
was made from the upper side to trap the sheet flow run-off after rain storms.

(b) Crescents or curved terraces technique:
Each Crescent was 30 meters in diameter and 50 cm deep. The crescents were laid 15 m apart.

Soil mechanical and physical properties:
Soil mechanical and physical analysis was performed at the Soil Science Department,
laboratory of the Faculty of Agriculture, University of Khartoum.

Soil class and bulk density:

Soil class was determined using the hydrometer method proposed by Bouyoucus (1951).
Samples were taken from six locations in each plot. From each location 3 samples were taken at
depths of 30, 60 and 90cm below the soil surface.

The mean bulk density in gm/cm? for each depth was determined using the following equation:

Bulk density (g/cm®) = Dry soil weight (g) / Soil volume (cm®)

Bulk Density =m/v (g/cm?®)
Where:

m = mass of sample in g

v = volume of sample in cc (ml)

Infiltration rate:

Steady state infiltration rates were measured for each treatment (plot) using the double ring
infiltrometer following the procedure described by Michael (1978).

The double ring infiltrmeter was made of 0.25 cm thick metal sheet and consisted of two
concentric cylinders, 28 cm height with diameter of 28 cm for the inner ring and 55 cm for the
outer one. The infiltrometer was pressed firmly in the soil and hammered gently with the help of
a wooden plate until it was driven to a depth of 10 cm in the soil. A filter paper was then placed at
the bottom of the inner cylinder to prevent disturbing the surface of the soil, then water was poured
gently into the inner cylinder. The space between the inner and the outer cylinders was filled
immediately with water after filling the inner one to prevent the horizontal water movement.
Readings of the depth of the pond water in the inner cylinder was taken every 5 minutes then the
rate of water intake over time was measured as described by Michael (1978).
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Soil moisture content determination:

This parameter was determined gravimetrically, soil samples were augured from different
locations at 0.3 m increment from the soil surface to a depth of 0.9 m. The samples were oven
dried at 105°C for 24 hours then weighed to determine moisture content on dry basis.

Moisture content % = (wt of wet sample — wt of oven dry sample) x 100

W1 of oven dry sample
Where:
wt = the sample weight in gm.

Equipment:
The following equipment was used in the experiments:
1- A Loader was used to construct the rain water harvesting structures

2- Auger for soil sampling.

3- Sample containers for the determination of the moisture content of the soil and plastic
bags to keep the soil samples.

4- An oven for drying the soil moisture.
5- Measuring tools (metering tape, a sensitive balance.
6- Double ring infiltrometer.

Statistical analysis

Data for each trial were analyzed as Complete Randomized Block Design (C.R.B.D) by
standard analysis of variance techniques. Mean significant (p<0.05) treatments were separated
using Duncan’s Multiple Range Test procedure (Steel and Torrie, 1980).

RESULTS AND DISCUSSION
Soil particles distribution

Figure 1 and Table 1 show that the amount of sand particles was greater in the upper 30 cm
depth than in the lower depths (30-60 cm) and (60-90 cm) in both treatments. The soil texture was
sandy clay for the upper part for both soil types, while it was clayey for depth (60-90 cm) for both
soil treatments, this might be due to eroded slope of the upper terraces where the sand and some
gravel were exposed as a result of erosion. The soil is sandy clay in the upper zone (30-60 cm)
with more sand in the top 30 cm. The clay content increase with depth more sand and gravel are
seen above soil surface mainly due to a washing proves of clay down the slope.
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Figure 1. Soil mechanical analysis for different depth and treatments
Soil bulk density

Figure 2 and Table 2 show that the bulk density in g/cm?® for each 30 cm increment from the
soil surface down to the depth of 90 cm for both the Holes (T1) and Crescents (T2) water harvesting
techniques. It becomes apparent that the bulk density was found to increase with increasing depth,
with an average of 1.64 g/cm? at all locations. This result may be attributed to the fact that the soil
bulk density increases with increase in the clay content, a fact which is supported by the findings
of salah (1991).
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Figure 2. Soil bulk density (g/cm?®) of the treatment
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Infiltration rate

The infiltration rate (mm/h) and the accumulative infiltration rate (mm) for the Holes and
Crescents water harvesting techniques treatments can be depicted in Figure 3 and Table 3. In both
cases the infiltration rate (mm/h) and the accumulative infiltration (mm) were plotted against
elapsed cm (min). The infiltration rate started at about 300 mm/h then dropped down gradually for
about 30 min before reaching relatively steady state in moderate conditions.
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Figure 3. Infiltration rate (mm/h) and accumulative infiltration (mm) versus elapsed time (min)
for the site

Soil moisture content

The moisture contents of the soil before and after rain at different depths are shown in Fig (4)
and Table (4). The 1% reading before the rain showed a significant difference (p < 0.05) for depth
(60-90), while the 2" and the 3" readings for depth (0-30) and (60-90), respectively after the rain
showed that a significant difference (p < 0.05) existed among the treatments. There was no
significant difference  (p > 0.05) for 4" and 5th, readings at all depths.
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Moisture content (%)

Readings

mT10-30
T130-60
mT160-90
mT20-30
mT230-60
mT260-90

Table 1. Soil mechanical analysis for the location, different depth and treatments.

Figure 4. Soil moisture content (SMC) measurement (wt %)

Treatment | Depth R1 R2 R3 Means
Holes 0-30 1.56 1.63 1.61 1.6
30 - 60 1.62 1.68 1.65 1.65
60 - 90 1.66 1.70 1.66 1.67
Crescents | 0-30 1.63 1.58 1.61 1.63
30 - 60 1.66 1.61 1.67 1.65
60 - 90 1.66 1.65 1.71 1.67

Table 2. The bulk density in g/cm3 for the location, different depths and treatments

Treatment | Depth Soil content Soil
texture
Clay% Silt% Sand%

Holes 0-30 24.17 32.96 42.87 Sand
30 - 60 40.32 24.6 35.08 Clay
60 - 90 43.2 30.38 26.42 Clay

Crescents | 0-30 29.18 29.45 41.37 Sand
30 - 60 46.96 22.68 30.36 Clay
60 - 90 50.09 20.78 29.13 Clay
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Table 3. The values of infiltration rate (mm/h) and accumulative infiltration (mm)

Time Holes Crescents
(min)
Infilt. Rate Acc. infilt. values Infilt. Rate Acc. infilt. Values
(mm/h) (mm) (mm/h) (mm)
5 297.6 24.8 304.8 25.4
10 266.4 47 276 48.4
15 240 67 247.2 69
20 213.6 84.8 217.2 87.1
25 175.2 99.4 182.4 102.3
30 147.6 111.7 153.6 115.1
35 116.4 121.4 122.4 125.3
40 105.6 130.2 108 134.3
45 91.2 137.8 93.6 142.1
50 74.4 144 79.2 148.7
55 72 150 74.4 154.9
60 72 156 74.4 161.1
Table 3. Average moisture content before and after rains
Readings 1 2 3 4 5
Bef | Aft Bef | Aft Bef | Aft Bef | Aft Bef | Aft
Treatment | Depth  "pMc [MC % | MC | MC |MC |MC | MC | MC | MC | MC
% % % % % % % % %
0-30 3.65 [17.36 | 185 [ 234 | 165 | 195 |12.0 | 146 |97 10.3
Holes 30-60 |4.12 [14.6 |17.7 [ 226 [17.1 |21.4 |13.0 [157 |11.0 | 118
60-90 |4.98 |10.2 16.1 [ 21.2 | 183 |20.4 | 138 |16.4 | 118 | 125
0-30 3.78 | 14.9 146 | 238 | 140 |178 | 105 |12.2 | 8.7 9.4
Crescents 30_-60 |4.49 |13.0 |13.1 | 231 |156 |19.3 |11.5 | 135 | 10.0 | 10.6
60-90 |4.20 |11.0 10.3 | 216 |16.2 | 195 | 123 |14.2 | 105 |111
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CONCLUSIONS

The following conclusions can be drawn from the results of this study. The Holes and
Crescents water harvesting techniques improved soil moisture content significantly. Higher
values of moisture content were recorded for the Holes type of water harvesting technique as
compared to the Crescents type. From the results obtained and conclusions drawn the following
recommendation can be made. Further research should be conducted to investigate the
performance of different indigenous tree species under more water harvesting techniques to
enable selecting the water harvesting techniques and the species most appropriate to the
environmental conditions of the area.
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ABSTRACT

The aim of this study is investigate the removal efficiency of certain soil bacteria on
ethalfluralin biodegradation with Ethalfluralin, chemical oxygen demand (COD), Biochemical
Oxygen Demand (BOD)s, Total Organic Carbon (TOC) and reveal the population dynamics of
these bacteria during biodegradation process under agitated culture conditions via turbidity and
number of colony forming unit (CFU). Bacteria were firstly isolated from agricultural soil in
agar media taken from Thrace region of Turkey. These cultures were used in experimental
studies. For determination of Ethalfluralin active ingredient, EPA Method 8081B was used.
COD experiments were done according to standard methods 5220C closed reflux titrimetric
method, BODs measurement was carried out in 24-hour intervals according to the Standard
Method 5210B (5 day BOD:s test) and for total organic carbon analyses, standard method
5310B High temperature combustion method was used according to APHA, (1998) and
decreasing of the ethalfluralin followed about five days. Turbidity experiments were performed
by Photolab 6600 UV-VIS Spectrophotometer. As a result of the study, best removal
performance observed in Bacillus thuringiensis and Bacillus muralis as 88% and 82% for
Ethalfluralin while 83% and 80% in COD at 5 days, 81% and 73% in BODsand 74% and 61%
in TOC parameters. The lowest performance was seen on Fusarium fujikuroispecies for
Ethalfluralin, COD, BODs and TOC as 41%, 53%, 47% and 43% respectively on same time
period. The performance for Micrococcus luteus and Micrococcus yunnanensis species
occurred between 60% and 70% for these parameters.

Keywords: Bacteria, Ethalfluralin, Biodegradation, Removal efficiency

INTRODUCTION

The soil ecosystem is a theater of biological processes with complex links and regulated by
its microbiota (Radivojevi¢ et al., 2014). To manage weeds, common methods such as cultural,
mechanical, biological, and chemical methods are utilized (Abeysekara, 2011). Weed control
using herbicides is the most popular method among farmers and it allows inexpensive weed
control and provides a cost-effective method in the cultivation of agricultural crops (Juraimi et
al., 2013).

Pesticide contamination of the surface and ground waters was well documented (Laabs et
al. 2007), although an effective way to eliminate environmental contaminants is yet to be
discovered. However, certain significant progress was made in soil bioremediation
technologies including microbe-induced, chemical reductive and oxidative technologies during
recent years (Guimaraes et al., 2010).

Pesticides are the most extensively used chemical compounds in agricultural activities
(Socorro et al., 2015). Over the past decade, interest on the presence and distribution of
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pesticides and other organic pollutants has been increased in environmental waters with lower
impact (Malik et al. 2007). Pesticides are chemicals that used for control certain forms of plants
(Krieger, 2010). Consideration of the human health emergency due to these chemicals
introduce multiple challenges such as modes of actions to pests except humans (Manikkam et
al., 2012). It is significiant to eliminate pesticides from environment since their opposite
effects. The most preferred methods for eliminate pesticides are photocatalytic degradation,
coagulation, fenton oxidation and ozonation. But their application time process, costs and
ineffectiveness of large area are disadvantages (Tay et al., 2009). Previous studies on microbial
degradation of these chemicals revealed that certain bacterial species were able to degrade
herbicides (Erguven and Yildirim, 2016). Microorganisms could degrade herbicides by using
them as energy and carbon sources (Garbisu and Alkorta, 2003). The results of the
bioremediation studies in water have revealed that this process corralated with the pesticide
reduction. This method is a low cost, effective and one of the alternative process that does not
result toxic products (Massiha et al., 2011). Scientists researched microorganisms to degrade
pesticides, especially through white-rot fungi (Fan et al., 2013). Bioremediation time is also
very short and microorganisms can deifficultly survive in the target field) (Maruyama et al.,
2006).

Dinitroaniline pesticides are selective types of herbicides that used for control of a broad-
leafed weeds of important agro-economically crops. Ethalfluralin (N-ethyl-o,a,a-trifluoro-N-
(2-methylallyl)-2,6-dinitro-p-toluidine) was used for the protection of crops such as cotton,
soya beans, tomatoes, peanuts and sunflowers. This herbicide degrades in surface water but
does not hydrolyze. Ethalfluralin is generally applied to the surface of the field by spraying
after planting the crops. The effectiveness of these type of herbicies is dependent on transfer of
the herbicide into the soil by irrigation, rainfall or mechanical incorporation (Prostko et al.,
2001).

Ethalfluralin is one of the selective herbicide of Semi-Volatile Organic Compound (SVOC)
which has a vapor pressure of 1.2 x 10—2 Pa (‘at 8.9 x 10—5 mm of Hg) at 25 °C, and a Henry’s
low constant of 18 Pa m3 mol—1. Ethalfluralin can be volatilize from aqueous solutions. In the
European Union and the United States, ethalfluralin is employed in several countries for over
30 years.

The present paper aimed to provide a comparison of the removal performance of five soil
bacteria against herbicide ethalfluralin in agitated culture media with most important
environmental parameters and reveal the baseline of bioremediation activities. One of the main
objectives of the present study was to provide recommedations for scientists who attempt to
rehabilitate the receiving environments polluted by the abovementioned types of pesticides.
Furthermore, it also aimed to provide recommendations for farmers who use ethalfluralin or
other dinitroaniline group herbicide for rehabilitation of their agricultural fields after
cultivation.

MATERIAL AND METHODS

Bacteria

Bacillus thuringiensis, Bacillus muralis, Micrococcus luteus, Micrococcus yunnanensis and
Fusarium fujikuroi used in this study. These bacterial strains are currently available in our
culture collections. The strains were grown in petri dishes on plate count agars at 4°C in
refrigerator.
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Chemicals
Ethalfluralin, plate count agar (PCA) and sabouraud broth (SDB) were obtained from sigma
aldrich (Turkey) with a cas and lot number of 55283-68-6, 70152 and S3306 respectively.

Submerged cultures preparation

Submerged culture medium of Bacillus thuringiensis, Bacillus muralis, Micrococcus luteus,
Micrococcus yunnanensis and Fusarium fujikuroi were cultured at 20°C on PCA slants in glass
tube with diameter of 10 mm. After three days of incubation, conidial suspensions were
prepared and used for the preparation of inoculum. 1 ml of the bacterial suspension (includes
approximately 2 x 107CFU/ml) was transferred into a 100 ml flask containing 99 ml of SDB
and agitated on a rotary shaker at 130 rpm for 5 days at 20°C in dark. After incubation finished,
these flasks homogenized and homogenized mycelial cultures were used as inoculum for
bioremediation studies under submerged culture medium. 1 ml of homogenized mycelial
culture was transferred into 100 ml flasks containing 99 ml of 10000 mg/l of Ethalfluralin
(application concentration for farmers) on an agitated incubator for 7 days at 20 °C in triplicate.
After incubation, all flasks filtered for removing bacterial biomass and this filtrate was used
for determinate Ethalfluralin, COD, BODs and TOC reduction rates for five days. These
filtrates were also used for determinating the beginning time of bioremediation process on 24
hours period.

Bioremediation Studies

On 24 hours intervals, each part of the samples are used for Ethalfluralin, COD, TOC and
BODs experiments. For ethalfluralin analysis, EPA, 8081 method was used. In this method,
Perkin Elmer Clarus 500GC-ECD was used. All samples were spiked with internal and
surrogate standards for determine the recovery rate. For the carrier gas, high purity helium
(99.99%) was used at a constant flow rate of 1.5 mL/min. As the surrogate standard,
tetrachlorom- xylene was used. Tetrachlorom- xylene was spiked to the sample prior to
extraction. Quintozene was as an internal standard and spiked just before capping the
chromatography vials. Average recovery rate was 93%. The limits of detection (LOD) values
were calculated for each congener as average blank concentrations plus three times the standard
deviations. In case of weight losses, the new concentration was recalculated according to
(Kmellar et al., 2011). Any sample concentrations that fall below the LOD value were ignored.
For each set of analysis, blank samples were corrected and all results were blank corrected.
Chloroform was obtained from Merck (Augsburg, Germany). All utilized chemicals were of
GC grade. Methanol was used as a working standard solution and were prepared with analytical
standards for GC calibration in the range of 0.1-100 mg/l. For the COD experiments, closed
reflux titrimetric method used identified in the Standard Method 5220C and decreasing of the
substrate followed day by day. BODs experiments were performed with Standard Method
5210B (5 day BOD:s) test and the TOC test was performed in line with the method of burning
at a high temperature identified in the Standard Method 5310A with TEKMAR - DOHRMANN
- Apollo 9000 device (A.P.H. Association, 1998) Turbidity measurements taken from
ethalfluralin media were performed according to Harry et al. (1990) at 650 nm with Photolab
6600 UV-VIS Spectrophotometer device.

RESULTS
The performance of the removal of Bacillus thuringiensis, Bacillus muralis, Micrococcus
luteus, Micrococcus yunnanensis and Fusarium fujikuroi with Ethalfluralin, COD, TOC and

BODs and the bioremediation process baseline including the colony count and turbidity are
illustrated in Fig. 1-5, respectively.
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Figure 1. Reduction of ethalfluralin related with turbidity by Bacillus thuringiensis
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Figure 2. Reduction of ethalfluralin related with turbidity by Micrococcus yunnanensis
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Figure 3. Reduction of ethalfluralin related with turbidity by Fusarium fujikuroi
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Figure 4. Reduction of ethalfluralin related with turbidity by Bacillus muralis
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Figure 5. Reduction of ethalfluralin related with turbidity by Micrococcus luteus

Differences in bacteria species in the agitated culture media demonstrated the different
results on Ethalfluralin, COD, TOC and BODs reduction rates. The COD reduction efficiencies
on Bacillus thuringiensis, Clostridium tetani, Fusarium fujikuroi, Bacillus muralis and
Micrococcus luteus species were 83%, 75%, 53%, 80% and 77%, respectively in five days. At
the end of the 5th day, there were negligible variations in all three parameters. At the end of
120™ hour, The COD which was originally calculated as 16400 mg/I decreased to 2790 mg/I.
The poorest removal performance was observed with Fusarium fujikuroi, decreasing the COD
from 16400 mg/l to 7660 mg/l (Fig. 3.).

DISCUSSION

Based on the study findings, it was observed that as the population increased in all cultures,
the turbidity of the agitated culture media increased as well. In studies that employed culture
media with and without ethalfluralin, although there were differences between the values of
the turbidity caused by the population size and identified cultures, it was impossible to obtain
knowledge on these differences based on turbidity, and the number of microorganisms
demonstrating the best and the worst removal efficiency, according to the results obtained in
Ethalfluralin, COD, TOC and BODs experiments. However, the increase in the population
count and the value of turbidity in the media with ethalfluralin started later when compared to
those in the blank media without ethalfluralin. This period may extend from hours to days. This
is related to the adjustment period of the microorganisms (Lag phase) to the media with
ethalfluralin. It also leads to the increase in the number of bacteria that utilize phosphorus and
carbon and the value of turbidity caused by the microorganisms, along with the degradation of
ethalfluralin. In the current study, it was observed that the rates of Ethalfluralin, COD, TOC
and BODs removal were between 88% and 41%. When the results of the monitoring of the
bacterial activity in the Ethalfluralin culture medium through turbidity and population increase
were examined, it was found that the increase in turbidity was dependent on Bacillus
thuringiensis and Bacillus muralis, which had the best COD removal rate in the Ethalfluralin
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medium, particularly after the 24" and 72" hours. Thus, lag phase of Bacillus thuringiensis
occured within a longer period than that of Bacillus muralis.

The population size and the increase in turbidity in Fusarium fujikuroi that had the worst
removal rate in the Ethalfluralin was observed after the 72th hour in the Ethalfluralin medium.
Erguven and Bayhan (2016) conducted a study with fungi in a liquid medium, where Trifluralin
was added and microbial activity was monitored with COD analysis. In that study, it was
observed that the COD removal rates of Metacordyceps chlamydosporia and Penicillium
simplicissimum were 80% and 59%, respectively. Based on their results, it was observed that
Metacordyceps chlamydosporia demonstrated the highest COD removal rate (17400mg/l),
which was reduced to 3480 mg/l at the end of the 5th day. During the decomposition,
Penicillum simplicissimum had the lowest rate of COD reduction from 17400 mg/l to 7130
mg/l. In a previous study on biodegradation of herbicide chlorsulfuron, COD removal rates
were observed between 70% and 93% (Erguven and Yildirim, 2016). (Yonten et al., 2017)
studied the removal efficiency performance of P. eryngii var. ferulae for COD and they found
P. eryngii var. ferulae was a suitable adsorbent for bioremediation of sulfamethazine
contaminated soil field. Slight increase in turbidity and colony count could be observed by
monitoring the bacterial population in the medium with ethalfluralin particularly after the 24th
hour on Bacillus thuringiensis, Micrococcus yunnanensis and Bacillus muralis (Fig. 1-3), after
the 48th hour on Fusarium fujikuroi (Fig. 3.) and after the hour 72" on Micrococcus luteus
(Fig. 5.). The significant increase in colony count and turbidity demonstrated that the best
COD, TOC and BODs removal in the medium with ethalfluralin was observed with B.
Thuringiensis and B. muralis.

CONCLUSIONS

Thus, for bioremediation of ethalfluralin contaminated liquid medium, these types of soil
bacteria was an adequate species. The soil includes numerous bacteria that could degrade
herbicides. In the medium, pesticide persistence is caused by the physico-chemical properties
of organisms that could degrade pesticides.
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ABSTRACT

In this study, firstly, a brief evolution of the chickens was mentioned and then 'leg weakness'
and what leg weakness means in the broiler sector were investigated. "Leg weakness™ is a vague
term used to describe properties of infective and non-infective nature that occur in modern,
fast-growing broilers. Modern broilers commercially grown are prone to foot problems,
including lameness, footpad dermatitis and hock-burn. Lameness is an extensive term used for
some damages of broiler chickens with infective and non-infective source. Lameness is a very
big problem in the broiler industry. For the United State in 2002, the costs of lameness were
predicted to be between $80 million and $120 million. However, in literature, it has been
proven that the lameness strongly correlated with weight, growth rate and activity. The time
before the chick reaches, a live weight of 1500 g was reduced from 120 days to 30 days in 80
years. As results of fast growing, severe problems have been occurred in broiler chickens. For
example, the animals with severe problems have a reduced feed efficiency and lower growth.
The carcass quality of these animals has also been decreased in value. Additional to the welfare
problems that have been caused by leg problems, also financial losses has been occurred for
the producers. Therefore, the first purpose of this study is created as to review the leg
weaknesses of broilers and provides to readers a brief discussion of the factors influencing this
problem. The second purpose of this study is to review the lameness and lameness assessment
methods for broilers. Additionally, the advantages and disadvantages of these methods are
discussed. At the end of this review, brief conclusions can be found with related reference list.

Keywords: Broiler, Leg Weknesses, Lameness, Chicken, Technology.

INTRODUCTION

The poultry industry has grown enormously over its fifty-year history until these days and
now more than 20 billion broiler chickens are produced every year. The demand for increased
growth rate and production due to the economic benefits of higher body weight has led to the
differential growth of body parts like accelerated growth of muscle (Verma, 2006).

However this growth is not accompanied by the skeletal development. Lame broilers cannot
walk easily and unfortunately they cannot reach the feeder and the drinker when they are
hungry or thirsty. Lameness is reducing their life quality. The existence of lameness is strongly
correlated with weight and rapid growth of broilers (Su et al., 2000). Furthermore, movement
problems may be painful for the broilers. It can decrease the broiler’s activity and increase
different problems, like hock burns and chest dirtiness (Thapa, 2004). Rapid growth rate
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accompanied by adequate nutrition, proper management, optimum lighting and temperature, a
disease free environment prevents weakness in broiler chickens. The absence of any of these
factors combined with the intrinsic weight bearing characteristics give rise to the different
degrees of leg disorders (Verma, 2006). Leg weakness can be classified as infectious,
developmental/metabolic and degenerative disorders. Leg weakness leads to high incidence of
morbidity than mortality (Verma, 2006). However, the disabled bird experiences pain, does not
reach feed and water and dies due to inanition (Webster, 1995; Weeks, 1997).

Therefore, the first purpose of this study is created as to review the leg weaknesses of
broilers and provides to readers a brief discussion of the factors influencing this problem.
Among the factors that cause the leg weakness include nutritional deficits, mechanically
induced trauma, toxins, genetic defects, pathogens infectious diseases, sex, weight and growth
rate, age, the efficiency of feed conversion, handling and movement. The second purpose of
this study is to review the lameness and lameness assessment methods for broilers.

Lameness

According to the European Commission report lameness is the main cause of bad welfare
in broiler chickens (Scahaw, 2000). Lameness is an extensive term used for some damages of
broiler chickens with infective and non-infective source (Rousing et al., 2000). Lameness is
also a very big problem in the broiler industry. The financial losses due to lameness in the
commercial grown broilers are considerable (Cook, 2000). For the United State in 2002, the
costs of lameness were predicted to be between $80 million and $120 million (Sullivan, 1994).

Causes of Lameness

Among the factors that cause lameness include infectious diseases, genetics, sex, weight and
growth rate, age, the efficiency of feed conversion, nutrition, handling and movement. These
factors will be discussed further below. The key factors here of non-infective and non-
nutritional bone abnormalities its genetic selection and the management (Bradshaw et al.,
2002).

Assessment of Lameness

Traditional methods to determine the gait score as an indicator for lameness include manual
scoring of birds’ movement and other behaviours in the farm. Nevertheless, it is difficult to
score the behaviours of broiler chickens. Compared to traditional methods, fully-automated
image analysis techniques have many potential for lameness assessment. Automatic video
image technique to analyze the activity as an indicator of lameness in broilers is becoming
popular (Aydin et al., 2013) because it is getting cheaper. It is also non-contact method which
allows recording more frequent data during the life-span of broiler chickens. There is also no
need for huge data storage when data are automatically evaluated in real-time (Aydin et al.,
2013). The measurements can also be performed continuously and automatically throughout
the life-span of birds with non-invasive and non-intrusive way. It is also do not involve the
biosecurity risk of having people visiting different commercial farms to perform visual gait
scoring for boiler chickens (Dawkins et al., 2009).

Manual Assessments (Gait Scoring System)

The first manual assessment technique was developed by Kestin et al. (1992) to evaluate the
gait problem in birds by visually observing and giving some gait scores for each broiler
chicken. In this method, a score is assigned ranging from 0 (no leg problems) to 5 (completely
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paralyzed) according to the criteria as follows: 0 (healthy broiler); 1 (the broiler moves fast,
but there is a slight walking deficiency); 2 (the broiler moves fast, but significant walking
deficiency is observed ); 3 (the broiler moves fast, but there is a significant deficiency); 4 (the
broiler cannot moves fast and there is a serious difficulty); and 5 (the broiler cannot move
anymore).

Bristol Scoring System

The University of Bristol’s Gait Scoring Guide is widely used to assess walking ability. This
scoring system works on the same principle as the Gait Scoring System. Here, too, each broiler
again a score from 0 to 5 according to certain criteria. The score is awarded by experts (Kestin
et al., 1992). Although this method is often used because it is so easy to apply, it is still very
subjective. It depends on the expertise and experience of the observer. Other studies showed
that the repeatability of the visual gait score is not entirely reliable. From other studies even
more important are that only the movement scored with this method, and not the pressure
exerted by the chick. It will therefore not give objective information on whether the animal is
in pain or not (Corr et al., 1998).

Automatic Assessment Systems
Pedobarograph System

The light intensity will be in proportion to the applied pressure (Corr et al., 1998). The gait-
analysis was performed using a purpose-built pedobarograaf. When pressure is exerted on the
surface, the emulsion side of the photographic paper pressed closer against the glass so that the
light is distributed. This can be seen on the bottom of the glass. The glass plate and the career
were both covered with polythene-backed protective sheeting (Benckhote, Whatman
International Ltd) in order to ensure the birds. For a homogeneous surface under the glass is a
mirror placed at an angle of 45 degrees. The divided light is reflected by the mirror and filmed
with a closed-circuit camera (Panasonic WV-BP3101B0). The video was recorded on a S-VHS
recorder (Panasonic AG-7355), and images warden transferred to a Powermac 8100/110
computer with a Scion LG-3 frame grabber card and analyzed using Scion Image (version 1.57)
software (Scion Corporation, Maryland, USA). In this study, there were 12 frames per second.
Each pixel is given a value between 1 and 254,