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ARTICLE
ABSTRACT INFO
Products obtained from farm animals meet the need for animal protein, which has an important place in Received:
human nutrition. In recent years, the demand for the products of small ruminants has been increasing. 20.08.2023
Products obtained from small ruminants are important in meeting the nutritional needs of the world
population. Especially in light of the effect of global warming, small ruminants production has become even Accepted:

more important. Especially considering the production conditions of small ruminants, the nutritional needs 01.02.2024
of animals are met by grazing in the existing highlands. This study was conducted in Ordu province, located
in the Black Sea Region of Tiirkiye. The Black Sea region, with its coasts and springs, is a region where
breeders engage in nomadic animal husbandry. In the study, it was determined that 86.6% of the nomadic
sheep breeders are producing Karayaka breed sheep while 13.4% are breeding Karayaka crossbreds. In the
study, 47.9% of the breeders who participated in the survey live in the village and 45.1% live in the district.
Percent 94.4 of the breeders were male and 5.6% were female. It was determined that 32.4% of the breeders
were between the ages of 41-50 and 40.8% were primary school graduates. The rate of those who contribute
to their livelihood through husbandry is 57.2%. The rate of those who want to continue small ruminant
farming in the future is 82.9%. Additionally, it was determined that the majority of breeders attach
importance to record keeping and animal health protection practices. In the enterprises where the study was
conducted, difficulties were encountered in supplying feed and finding shepherds, and high feed prices and
labor costs were stated as the most common problems. In nomadic sheep breeding, grazing and climate
parameters in pastures and plateaus have a significant impact on the nutrition of the animals. Therefore,
facilitating the transportation of sheep to pastures and plateaus and the sustainability of these areas will
positively affect nomadic sheep breeding.
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INTRODUCTION

Small ruminant production is an economically important value in our country and in the world, and its place in
human nutrition is quite high in terms of the yields obtained. Small ruminants, which can adapt to different
environmental conditions, can travel for a long time in the pasture, make good use of inefficient areas that
cannot be used for crop production and unused agricultural lands despite adverse climatic conditions, and can
also provide many animal products. Due to these advantages, small ruminant production is widely practiced all
over the world. There are 2,396,134,564 heads of small ruminants in the world. In Tiirkiye, the total number of
small ruminants is 57,519,204 heads, and 45,177,690 heads of this number are sheep (FAO, 2023). Sheep
production is importance in Ordu province located in the Black Sea Region. Due to its mountainous, rugged
terrain, climate and socio-economic structure, the Black Sea region has a suitable structure for small ruminant
production in animal husbandry activities, as well as an important source of income for the people of the region
(Tozlu Celik, 2016). The topographic structure and climatic conditions of our country are very favorable for
various animal husbandry activities. In addition, features such as high mountainous areas, changes in elevation
in a short distance, and different climatic values create two different grazing areas as winter pasture and spring
pasture throughout the year (Hadimli et al., 2010; Alkan, 2020).

Nomadic small ruminant husbandry is an animal production activity that takes place in places with rich plant
diversity in areas that are not suitable for crop production, especially in high, mountainous areas (Kutlu, 1987).
Nomadic animal husbandry is an activity that is shaped and changed according to the climatic conditions,
geographical potential and social conditions (Leach, 2001; Yilmaz et al., 2014; Yazici, 2016a; Yazici, 2016b),
and displacement in nomadic animal husbandry depending on the climate is also compatible with the natural life
of the animal (Sayilir, 2012). Nomadic animal husbandry can be practiced in every region of Tirkiye. This
situation reflects the richness of nomadic ovine husbandry activity in our country (Kutlu, 1987). The main
purpose of nomadic animal husbandry, which is frequently seen in the world, is to provide optimum
environmental conditions for animals by taking animals to high altitude springs and pastures, especially in hot
summer months, to reduce the effect of heat stress, as well as to ensure profitability by providing cheap and high
quality roughage for feeding animals (Dasc1 and Comakli, 2006; Herzog and Seidl, 2018; Yazici, 2016a; Savas
et al., 2019a).

In addition to supporting families engaged in nomadic animal husbandry, which is a traditional lifestyle and a
culture that needs to be preserved within animal husbandry activities, it is necessary to improve their current
conditions and to propose solutions to their problems (Uzun and Kdse, 2012; Aygiin and Sezgin, 2009). In
addition to being a source of livelihood, nomadic sheep production has a great role in contributing to the
national economy and in the sustainability of small ruminant husbandry (Yilmaz et al., 2020). In Tiirkiye, in
sheep farming activity, which has a very important position, the sustainability of sheep farming activity is of
importance in economic, social and environmental dimensions (Yiicel, 2022). Although sheep have many
productivity aspects, the region where they will be bred along with the yield aspect, environmental conditions,
market opportunities and grower conditions are also issues that should be taken into consideration. (Selvi,
2021). Although production practices vary regionally in our country, nomadic animal husbandry is widely seen
in small ruminant production. However, in addition to the decrease in pastures in our country, summer pastures,
migration routes, winter pasture supply, transportation problems, and problems encountered in the evaluation of
the products obtained, some problems arise not only for the people who make a living with nomadic sheep
farming, but also for family members (Yilmaz et al., 2014; Yilmaz et al., 2020; Yilmaz and Cosgun, 2017;
Savas et al., 2019a). To ensure the sustainability of pastures and plateaus for nomadic livestock production and
to make good use of them, special attention should be paid to the grazing pattern and grazing period in these
areas. Although the time of ascent and descent to the plateaus varies for each settlement in Tirkiye, the
elevation of the plateau and the climatic characteristics of that year are also among the determining factors
(Ozalp and Siitlii, 2011; Palta and Geng Lermi, 2018). All these developments make nomadic animal husbandry
difficult and make it a less preferred animal husbandry practice. In addition to hazelnut production as an
agricultural activity in Ordu province, sheep production is also widely practiced. In certain periods of the year,
the sheep are raised in the pens on the coast and taken to the highlands with the warming of the weather. The
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aim of this study is to determine the socio-economic structure, production practices and problems encountered
by the breeders in nomadic sheep farming enterprises and to offer suggestions to address these problems.

MATERIAL AND METHOD

The material of the study consisted of survey data obtained from 71 enterprises engaged in nomadic sheep
production in Ordu province. In this study, data were collected from sheep breeders by face-to-face survey study
survey using simple random sampling method. The evaluation of the obtained data was analyzed with the SPSS
(26.0 Version) statistical program Analyze, Descriptive Statistics, and Frequencies. The results obtained from
the data obtained within the scope of the research are presented through percentage and frequency values.

In similar survey studies, it was reported that at least 3% (Yamane, 2010) or 10% (Stimbiiloglu and Stimbiiloglu,
2000) of the population would be sufficient to determine the sample size. In this study, the number of sample
enterprises to be surveyed was calculated using the following formula within 10% sampling error and 95%
reliability limits (Alkan and Tiirkmen, 2020; Alkan and Tirkmen, 2021; Ci¢ek and Erkan, 1996; Satar et al.,
2022).

n=N.t? .p.q/ d?. (N-1)+t* .p.q

n: sample size

N: Population size (1000)

t: t ruler value at 95% confidence interval (1.96)
p: 0.5 (50% incidence)

g: 0.5 (50% incidence)

d: Sampling error (0.10)

RESULTS AND DISCUSSION
General Characteristics of Enterprises and Herd Management

In the study, 47.9% of the breeders who participated in the survey live in the village, 45.1% in the town and 7%
in the city center. It was determined that 86.6% of the nomadic sheep breeders are producing Karayaka breed
sheep while 13.4% are breeding Karayaka crossbreds. Percent 94.4 of the breeders were male and 5.6% were
female. When evaluated according to age ranges, 32.4% of the breeders are 41-50 years old and this age group
constitutes the majority (Table 1). Percent 87.3 of the breeders were married and 39.5% were high school-
university graduates, 40.8% were primary school graduates and 19.7% were secondary school graduates. The
number of families with 3-7 or more households constitutes the majority (93%). The proportion of single
farmers is 70.4%. Percent 90.2 of the breeders reported that the ownership of their enterprises belonged to them.
In terms of the possibility of establishing livestock enterprises, it was determined that 85.9% of the breeders
established their enterprises with their own means. It was observed that those who used their own means and
loans for financing needs were few (Table 1). In the study conducted by Satar et al. (2022), the rate of credit
utilization (24.0%) is higher than this study. Hazelnut production is widespread in the location where this study
was conducted. Economic income is provided from both crop and sheep production.

In the study, it was determined that the majority of the breeders were between 41-50 years old. This finding is
similar to the average age of the breeders (49 years old) reported by Karadas (2018) and (48.2 years old)
reported by Ozsayin and Everest (2019). These studies show that people engaged in sheep production are mostly
over 40 years old. Sheep farming, as a business line, should be considered within the scope of health insurance.
In this way, young people can be directed to animal husbandry. Directing young people towards small ruminant
production is very important for the continuity of animal husbandry activity. Under the effects of global
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warming, food resources have become an important issue that needs to be emphasized more and more. In the
study, the number of primary school graduates (40.8%) is lower than that reported by Karadas (2018) (64.7%).
In recent years, the tendency of high school and university graduates towards sheep production is important for
the sustainability of small ruminant breeders. The value found for the household (3-7 or more people) in the
study is similar to that reported by Ozsayin and Everest (2019) (4.2).

Table 1. Socio-economic status of nomadic sheep breeders

Residence n % Number of households n %

Province centre 5 7.0 1-2 5 7.0
Town 32 45.1 3-7 and above 66 93.0
Village 34 47.9 Education status

Age Primary school graduate 29 40.8
19-30 9 12.7  Secondary school graduate 14 19.7
31-40 16 22,5  High school-University graduate 28 395
41-50 23 324  Ownership status

51-60 14 19.7 Individual 64 90.2
61 and above 9 12.7  Tenant-partner 7 9.8
Gender Establishment of a business

Woman 4 5.6 Own means 61 85.9
Male 67 944  Own means-use of credit 10 14.1
Profession Marital status

Farmer 50 70.4  Single 9 12.7
Farmer - Other occupations 21 29.6  Married 62 87.3

When the reason why breeders engage in animal husbandry is examined, 51.4% contribute to their livelihood. It
was determined that 15.7% of them do not have any income and earn their living only by husbandry. In all of
the farms where the study was carried out, husbandry is carried out as winter and spring pasture. In this respect,
in Ordu province, grazing is carried out under hazelnuts in winter and production is carried out by migrating to
pastures and highlands in summer. The availability of grazing areas for small ruminant animals affects
sustainability. Temperature and humidity can cause stress in sheep. In this respect, nomadic production has
made it compulsory to migrate from coastal areas where heat and humidity are felt intensely to the highlands.

The rate of those who have been engaged in sheep production for 11-30 years was 49.2%. This rate is higher
than those who have been doing sheep farming for 0-10 years (25.4%) and 30-40 years and above (25.4%)
(Table 2). Those who gave the answer of additional income as the reason for sheep production were 57.2% and
their own needs were found to be 27.1%. It was determined that most of the sheep breeders were engaged in
sheep production for additional income.

The rate of those who answered yes to the desire to do animal husbandry in the future was 82.9% (Table 2).
This finding is consistent with the finding reported by Satar et al. (2022) (61.1%). In this respect, it is seen that
the willingness to continue animal husbandry in the following years is high. The rate of record-keeping on sheep
farms is 82.6%. This finding is similar to that reported by Ozsaym and Everest (2019). High record-keeping is
very important in terms of production studies in sheep production and the sustainability of enterprises. It is seen
that 94.2% of the information on animal husbandry was obtained from the internet, TV and district agriculture
and forestry directorates. Those who are engaged in other animal husbandry activities other than sheep
production are 32.3%. The rate of those who are only engaged in sheep production and animal husbandry
activities is 67.7%.

Enterprises with a herd size of 100-200 heads constitute the majority with 54.3%. Among the enterprises, 12.8%
of the enterprises with 200-500 head and more sheep were found. The rate of those who reported an increase in
the number of sheep in recent years is 71.4%. 65.7% of the breeders use shepherds and the rate of those who use
permanent shepherds is 50.8%. The rate of those who are members of livestock producer organizations is
77.5%. The fact that this rate is high shows that breeders attach importance to benefiting from livestock support.
In our study, it was determined that the number of members of agricultural producer organizations was high.
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This finding is similar to the finding of Ozsayin and Everest (2019) and Yilmaz et al. (2020) that breeders are
members of different cooperatives and producer organizations. It is possible for sheep breeders to benefit from
agricultural supports by being aware of agricultural supports through their membership in breeders' associations.

On the farms where the study was conducted, the experience of the breeders in this business is mostly between
11-30 years. This finding is similar to the 27 years of sheep production experience reported by Karadas (2018)
and the average of 24 years reported by Ozsayi and Everest (2019). According to the findings obtained in the
study, it shows that in addition to the intensive hazelnut cultivation in Ordu province, sheep production is also
important. In addition to hazelnut production, sheep production plays an important role in the livelihood of the
breeders.

Table 2. General characteristics of nomadic sheep enterprises

Reason for keeping livestock n %  Purpose of production n %

Contribution to livelihood 36 51.4 Own need 19 27.1

No other income 11 15.7  Butchery-victim 4 5.7

Habit 23 329 Breeding 7 10.0

Professional experience (year) Additional income 40 572

0-10 18  25.4 Future livestock production status

11-30 35 492 Yes 58 829

30-40 and above 18 254 No 12 171

Other animal husbandry activity Record keeping

Yes 21 323 Yes 57 826

No 44 677 No 12 174

The way of obtaining information on animal Herd size

husbandry

Self-family 4 5.8  0-100 head 23 329

Internet- TV-district directorates 65 94.2 100-200 heads 38 543

Membership to producer organisation 200-500 heads and above 9 12.8

Member 55  77.5 Shepherd situation

No membership 16 225 Yes 46  65.7

Increase in the number of sheep in recent years No 24 343

Yes 50 714 Shepherd usage time

No 20 28.6 Seasonal 18 286
Permanent 32 50.8
Family and seasonal 13 206

Percent 62.4% of the enterprises supply breeding males from their own flocks (Table 3). Breeding females were
supplied by 81.2% of the breeders from their own flock. In the enterprises, the ratio of those who prefer 15
months of age for breeding females was determined as 67.2%, and the ratio of those who prefer 15 months of
age for breeding males was determined as 57.4%. The findings obtained in this study are similar to those
reported by Yilmaz et al. (2020).

In the study, it was determined that mating was intensive in July (46.9%) and August (21.9%). Mating was
17.1% in May-June, 12.5% in September-October and 1.6% throughout the year. The rate of those who
answered that mating lasted 60 days was 56.5%, the rate of those who continued mating throughout the year was
31.9% and the rate of those who continued mating for 30-45 days was 11.6%. It was determined that lambs were
mostly born in November-December-January (49.2%) and January-February-March (47.5%). The proportion of
breeders who reported that lambing continued throughout the year was 3.3%. Lambs are born in the first months
of the year, which enables them to grow until they leave for the plateau. Lambs are sold after they come from
the plateau. Lamb sales are an important source of income.

It was determined that lamb births lasted two months (33.3%) and three months (31.7%). While the rate of those
who did not separate the lambs from the mother as weaning period was 36.2%, lambs were weaned in two
months (15.9%), three months (17.4%) and 6 months (30.5%). Butchering sales are realized as lambs (55.1%).
Table 3 shows that the most important income of sheep breeders in the enterprises where the study was
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conducted was obtained from lamb + breeding and sacrificial sales with a rate of 78.3%. The breeding periods
of females are mostly 5 years (47.1%) and 6 years (35.3%). The breeding periods of rams were mostly 2-3 years
(57.4%) and 4 years (27.9%). The rate of pasture utilization was 85.3% and the pasture composition was mostly
(68.1%) good. The grazing status of different species in the pasture was 84.1%. It was observed that sheep,
goats and cattle (75.4%) used the same pasture.

Table 3. Herd management practices

Breeding (male) n %  Lamb weaning (month) n %
Own flock 43 624 2 11 159
Animal market-neighbouring businesses 26 376 3 12 174
Breeding (female) 6 21 305
Own flock 56 81.2 Doesn't discriminate 25 36.2
Animal market-neighbouring businesses 4 5.8  Butchery sale

All of them 9 13.0 Lamb 38 55.1
Breeding age female (months) 1-2 years and over 31 449
12 6 9.4  Most important income

15 43  67.2 Breeding sale 8 11.6
18 6 9.4  Lamb-breeding and sacrifice 54 783
24 9 14.0 Sacrifice 7 10.1
Breeding age male (months) Breeding use period female (years)

12 16 263 5 32 471
15 35 574 6 24 353
18 and over 10 153 7 12 176
Pasture water source Duration of use in breeding male (years)

Mains water 6 87 2-3 39 574
Spring water 63 913 4 19 279
Pasture composition Over 5 12 147
Good 47  68.1 Different types of grazing in the pasture

Bad 4 58  Yes 58 84.1
Medium 18 261 No 11 159
Pasture utilisation status Grazing species on pasture

Yes 58  85.3 Sheep-goat-cattle 49 754
No 10 14.7 Sheep-goat 16 246

Feeding and Feed Supply Status of Enterprises

As seen in Table 4, it was determined that the maximum pasture grazing time of animals was 4 months (39.0%),
the minimum was 1-2 months (43.6%) and the maximum stay time in the barn was 6 months (38.9%). During
the stay in the barn, winter grazing is carried out in hazelnut gardens at sea level. In this respect, grasses under
hazelnut are utilized as a feed source in winter. The rate of those who gave hay as roughage was 91.4% and the
rate of those who gave vetch as roughage was 82.9%. Percent 98.6 of the breeders do not produce concentrate
feed. Breeders who provide supplementary feeding are 69.6%. The proportion of those who make
supplementary feeding in both periods, including the birth period and mating period (50.7%) is high. It is seen
that the majority of sheep farms (82.4%) use lick stones for their animals.

In Table 4, the rate of those who declared that there is a pasture in the village was 73.9%, the rate of those who
go to the pasture was 97.1% and the rate of those who reported that they have been going to the pasture for
many years was 98.6%. The time for going out to pasture is intensively in April (53.2%), going out to pasture in
May (80.8%), transitioning from plateau to pasture in October (50.9%), and transitioning from pasture to
hazelnut gardens in December (61.1%). Savas et al. (2019b) found that in the study conducted in Igdir province,
the number of people going to pasture in April was higher (86.8%). In our study, it was found that more people
went to pasture in April (53.2%). With this finding, Savas et al. (2019b) are similar to what was reported. The
maximum duration of stay in pasture and plateau was 6 months (59.7%) and the maximum duration of stay in
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settlement was 6 months (60.3%). It was found that the mode of travel to the plateau was preferred on foot
(44.8%). The rate of those who apply both vehicles and walking is 40.3%.

Table 4. Practices for feeding and feed supply

Feeding place upland duration (month) n %  Feeding place pasture duration (month) n %

2-3 7 119 1-2 28 452
4 23 390 35 9 14.5
5 17 288 6 14 226
6-7 12 203 7-8 11 177
Feeding place barn (month) Time to go out to pasture

2-3 10 186 March 9 14.5
4 6 111 April 33 532
5 11 203 May 20 323
6 21  38.9 Time to go to the plateau

7 6 111  May 42 80.8
Does the village have a plateau June 7 135
Yes 51 739 July 3 5.7
No 18 26.1 Transition month from plateau to pasture

The way to the plateau September 8 14.0
Vehicle 10 149 October 29 509
Walking 30 448 November 20 351
Vehicle-walk 27  40.3 Transition month from pasture to garden

Duration of stay in pasture (month) November 7 13.0
2-4 2 3.0 December 33 611
5 19 283 January 14 259
6 40  59.7 Additional feeding

7-10 6 9.0 Yes 48  69.6
Duration of stay in the settlement No 21 304
(months)

2-4 5 7.4  Additional feeding status

5 3 4.4  Mating 13 188
6 41  60.3 Birth period 7 10.2
7-8 19 279 Both periods 35 507
Use of hay for roughage Not doing 14 203
Yes 64 914 Use of alick stone

No 6 8.6  Yes 56 824
Use of vetch for forage No 12 176
Yes 58 829

No 12 171

Health Protection Practices of Enterprises

In the study, it was determined that 93.6% of the breeders did not milk the sheep. Breeders attach importance to
the feeding of lambs. Therefore, sheep are not milked. The milk yield of Karayaka sheep is 30-45 kg, and the
lactation period is 100-140 days (Ake¢apinar, 2000). In Turkey, most sheep herds are kept in small flocks, and
milk is generally obtained from sheep by the manual milking method (Unal et al., 2008). In the nomadic sheep
farms where the study was carried out, milk evaluation was not carried out due to the lack of a sufficient labor
force and the marketing of the products obtained. by the manual milking method (Unal et al., 2008). In the
nomadic sheep farms where the study was carried out, milk evaluation was not carried out due to the lack of a
sufficient labor force and the marketing of the products obtained. On all the sheep farms, it was reported that
health checks were carried out by the veterinarian. When there is a problem in the flock, the veterinarian called
(69.1%). Early intervention is important to prevent the spread of diseases on livestock farms. It is seen that
breeders are sensitive about health practices. It is seen that 86.8% of the breeders comply with the vaccination
calendar and prefer to have the vaccine done by veterinarians (34.3%). In addition, the rate of those who make
their own vaccines is 29.9%. 96.6% of the breeders reported that sheep were vaccinated in accordance with the
vaccination calendar. The findings obtained as a result of the study in terms of vaccination practices are similar
to the finding of Savas et al. (2019a) that attention is paid to vaccination practices in nomadic livestock farms in
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Igdir province. The most common period of animal losses is spring (49.3%). It can be said that calf losses are
high in this period. Especially the continuation of diarrhoea in the calf increases the calf losses. It is

recommended to vaccinate against feeding-induced diarrhoea and jaundice, especially during the transition

period from pen to pasture grazing (Savas et al. 2019a).

As seen in Table 5, the rate of those who reported that there was no disease in their flocks in the sheep farms
where the study was conducted is 78.3%. All of the breeders carry out parasite control. It is seen that parasite
control is mostly done in the spring-autumn months (91.4%). Breeders reported that they prefer drug-injection

application (56.5%) in parasite control. The rate of those who apply disinfection to sheep farms is 97.1%.

It was

reported that disinfection applications were performed every month during the year (89.7%). On sheep farms,

39.1% of the breeders stated that they performed manure cleaning twice a year.

Table 5. Health protection practices in the herd

Disease status n % -rlm—(:]fd person to be called for health problems in the n %
Insidence 15 21.7 Veterinarian 52 764
Absence 54  78.3 Provincial directorates-breeder associations-veterinarians 16  23.6
Parasite control method Compliance with the vaccination schedule
Medicine 22 319 VYes 59 86.8
Injection Moulding 8 116 No 9 132
Medicine-injections 39 56.5 Vaccination person
Fertiliser cleaning Veterinarian 23 343
1 23 33.4 Ourown 20 29.9
2 27  39.1 Provincial-district directorates 9 134
3 15 21.7 All of them 15 224
4 4 5.8 Time of animal losses
Disinfection Spring 34 493
Yes, once a year 7 10.3 Winter 15 217
Yes, every month 61 89.7 In both periods 20 29.0
Agricultural supports utilised Month of parasite control
Government subsidies 10 18.1 Four seasons 6 8.6
Bank loan support 6 110 Spring-Autumn 63 914
State and bank loan support 39 709

B Supply of feed and high prices, high labour costs

H Finding a shepherd and the inability to sell the products at the value price

mAIl

Figure 1. Problems encountered in animal husbandry
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Percent 81 of the breeders reported that they experienced more than one problem (Figure 1.). These problems
can be listed as difficulties in the supply of feed and high prices, high labour costs, the problem of finding a
shepherd and the inability to sell the products at their value. The rate of those who receive government support
and bank credit support from agricultural supports is 70.9%. Among the production problems identified in the
study, feed supply and high feed prices are similar to the problems reported by Karadas (2018) in Hakkari and
Savas et al. (2019a) in Igdir province and Ceyhan et al. (2020) in their study.

CONCLUSION

As a result of the study, it was determined that nomadic sheep breeders keep records and pay attention to
disinfection practices. It was determined that the most common problems experienced by the breeders were the
difficulty in obtaining feed and finding a shepherd, high feed prices and lab costs, and the inability to market the
products at value prices. It was determined that milking was not practiced on the sheep farms where the study
was conducted. All of the milk is used for raising lambs. Sheep milk is a very valuable product. Training and
support activities should be carried out to bring this product into the economy. The geographical structure and
climate of the Black Sea region are suitable for small ruminants production. It is important for the sustainability
of animal hushandry to inform the breeders, provide practical training, and consider sheep production and other
animal husbandry activities as a line of business within the scope of health insurance coverage. As a result of the
study, it was determined that the breeders were aged 40 and above. More work should be done to direct young
people towards animal husbandry. In the study, the number of members of agricultural support organizations is
high. However, it would be useful to ensure that the breeders are informed about agricultural support
organizations in general.

It should be taken into consideration that many environmental factors have an impact on nomadic sheep
production. For the breeders to continue sheep production, it is important to facilitate transportation procedures
and find a shepherd. As a result of the study, it can be said that nomadic sheep production continues with
traditional methods. The problems of nomadic sheep breeders can be reduced with agricultural supports, health
protection methods, early disease diagnosis and pasture grazing order and training.
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ABSTRACT

The aim of this study is to examine and analyze the mandible of Morkaraman sheep without any skeletal
disorders using the geometric morphometric method. For this purpose, a total of 14 mandibles from male
and female individuals were used in the study. The main components in multidimensional data sets were
determined with Principal Component Analysis, used within the scope of the geometric morphometry
method, and the differences between the samples were determined with Discriminant Function Analysis.
Statistical and formal analyzes of these variances were also performed. A total of 12 principal components
were obtained with 12 punctuations selected on a total of 14 mandibular (7 female, 7 male) images. Among
these principal components, the first principal component (PC1) alone accounted for 30.409% of the total
variation. The second principal component (PC2) alone accounted for 22.265% of the total variation, and
the third principal component (PC3) alone accounted for 14.893% of the total variation. The first three of
the variances obtained explained 67,567 of the shape differences. Discriminant Function Analysis (DFA)
was used to objectively evaluate gender differences. In the discriminant function analysis, the p value was
above 0.05 (p = 0.7). Although there was a complete separation between genders formally and statistically,
no significant p value was obtained. In line with these analyses, information was obtained about the
anatomical features and adaptations of the Morkaraman sheep mandible, which is one of the important
economic resources of our country and is bred in a wide area, and it has become an exemplary study in
this field.
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INTRODUCTION

In the Eastern Anatolia Region, which has the majority of our sheep existence; Morkaraman breed is widely bred
in Erzurum, and Karakas sheep, a variety of Akkaraman breed, is widely bred in Bitlis and Van regions (Karaca
et al., 1996). Again, Tuj is grown in Kars and Hamdani is grown in the southern parts of the region (Geliyi and
Ilaslan, 1978).

Morkaraman breed constitutes 21.5% of our existing sheep. This breed is grown in a wide region from the east of
Sivas and Malatya provinces to Kars and Van. However, it is mostly grown in the provinces of Erzurum, Van,
Agri, Kars and Mus. Sheep wealth in the Eastern Anatolia region constitutes 30.6% of Tiirkiye's sheep wealth.
Morkaraman breed sheep constitute 61.1% of the sheep population in the Eastern Anatolia region. As a result of
the research, the ram breeding of the Morkaraman sheep breed is generally done in September and October; Its
birth takes place in February and March. Its morphological characteristics are: withers height 70 cm, back height
68 cm, rump height 69 cm, body length 65 cm, chest width 18 cm, front rump width 18.5 cm, middle rump width
21 cm, front shin circumference 7.4 cm, rear shin circumference. It was reported as 9 cm, leg height as 38.7 cm,
head length and width as 22.4 cm, and 12.5 cm, and ear length as 14.7 cm, (Kayalik and Bingdl, 2015).

The geometric morphometric method, which measures the position differences of objects and the amount of shape
changes, determines the shape differences according to the sign coordinates (Kimmerle et al. 2008). Markings are
made on the figures with homologous landmarks. Semilandmarks allow the measurement of two- or three-
dimensional homologous curves and surfaces and their analysis together with traditional marks (Gunz and
Mitteroecker 2013).

The lower jaw is considered one of the strongest skull bones for sex determination and has therefore been one of
the most studied bones. It accurately reflects gender characteristics (Okkesim and Erhamza 2020).

Studies conducted on many different species and races using traditional morphometric methods are widely
available in the literature (Dalga et al. 2021; Dalga et al. 2022; Ozcan et al. 2010; Karimi et al. 2011; Mohamed
et al. 2016; Dalga et al. 2017; Dalga et al.2018; Dalga and Aslan 2020; Wehausen and Ramey 2000; Dalga and
Aslan 2021; Dalga 2020; Jashari et al. 2022; Gundemir et al. 2020; Y1lmaz and Demircioglu 2020; Oziidogru et
al. 2019). In addition to examining evolutionary processes, there are many studies that analyze two- and three-
dimensional images using the geometric morphometry method (Klingenberg and Marugan 2013; Szara et al. 2022;
Kogak et al. 2023; Pares 2015; Fernandez et al. 2023).

This study was conducted to reveal the shape differences of the mandible between male and female individuals in
Morkaraman sheep, using analyzes based on the geometric morphometry method.

MATERIAL AND METHODS

In the study, the mandible of the Morkaraman sheep, which is located in the Eastern Anatolia region and bred in
Kars, Ardahan and Igdir provinces, was used. A total of 14 mandibles (7F/7M) were obtained from
slaughterhouses in the relevant provinces. The number was found sufficient for parametric analyzes in terms of
gender. The study permit for animal experiments was approved by the local ethics committee unit with reference
code 2023/071. Mandibles were first separated from the skull. Then, the muscles on it were dissected. Boiling
was applied to thoroughly remove the muscles. After the boiling process, the mandibles were kept in hydrogen
peroxide for 20-30 minutes and the mandibles were whitened. After the drying process, the mandibles were
photographed from the same distance (15 cm,). The left lateral sides of the mandibles were used for photography.
For punctuation, photographs were saved as tps files using tpsUtil (version 1.82). The tps file was imported into
the tpsDig (version 2.31) program for marking. Marking was made with 12 selected points on each mandible
using the TpsDig program. Each mandible photograph was marked at the same locations. The marked mandible
data were converted to text file and imported into the MorphoJ (version 1.07a) program to perform geometric
morphometric analysis. Principal Component Analysis (PCA) was performed and shape variations were obtained.
Each component was ranked by percentage of variation. Additionally, Discriminant Function Analysis (DFA) was
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performed and shape variations were obtained. The distinction between male and female groups was examined
statistically and formally with Discriminant Function Analysis.

RESULTS

A total of 12 principal components were obtained with 12 punctuations selected on 14 mandible (7 female, 7
male) images of Morkaraman sheep (Figure 1). Among these principal components, the first principal component
(PC1) alone accounts for 30.409% of the total variation. The second principal component (PC2) alone accounts
for 22.265% of the total variation, and the third principal component (PC3) alone accounts for 14.893% of the
total variation. Data from PCA are presented in Table 1.
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Figure 1: The Landmarks point of on Mandible; 1: Infradentale, 2: First premolar teet oral border, 3: Last molar
teet aboral border, 4: Processus coronoideus, 5: Incisura mandibulae, 6: Processus condylaris, 7: Caudal end
point, 8: Incisura vasorum facialum, 9: Ventral point, 10: the length of from molar teeth to ventral border, 11:
the ventral point of under diastema, 12: Foramen mentale

Table 1: Eigenvalues and variances obtained as a result of principal component analysis

PC No Eigenvalues Varyans(%bo) PC No Eigenvalues Varyans (%)
PC1 0,00054645 30,409 PC7 0,00005990 3,334
PC2 0,00040009 22,265 PC8 0,00005671 3,156
PC3 0,00026763 14,893 PC9 0,00003081 1,715
PC4 0,00022065 12,279 PC10 0,00001543 0,859
PC5 0,00010948 6,093 PC11 0,00000567 0,316
PC6 0,00008056 4,483 PC12 0,00000360 0,200

Figure 2 shows both cumulative and individual variation distribution plots for 12 of the principal
component analyses. As can be seen from the graph, PC1, PC2 and PC3 cumulatively account for more
than half of the total variation. Additionally, these three variations individually have significant variation
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percentages. With these findings, PC1, PC2 and PC3 were compared while performing principal
component analysis.

40

% Variance

5 10

Principal components

Figure 2: Variation distribution plot of principal component analysis

The shape variation for PC1, PC2 and PC3 is shown in Figure 3. Dots represent the average shape. The extensions
represent the positive limit for PC1, PC2 and PC3. For PCL, it narrows infradentally, distally and medially, while
for PC2 and PC3, it widens proximally. For PC1, the first premolar teet oral border expanded proximally, while
for PC2 and PC3 it expanded distally. For PC1, PC2 and PC3, the last molar teet aboral border has expanded
distally. For PC1, the processus coronodieus expanded proximally, while in PC2 and PC3 it expanded distally.
For PC1, the incisura mandibulae expanded proximally, while in PC2 and PC3 it expanded distally. For PC1, the
processus condylaris expanded proximally, while in PC2 and PC3 it expanded distally. While the caudal end point
expanded distally for PC1, it expanded proximally for PC2 and PC3. For PC1 and PC3, the incisura vasorum
facialum expanded distally, while for PC2 it expanded proximally. For PC1 and PC3, the ventral end point
expanded distally, while for PC2 it expanded proximally. For PC1, the distance of the molar teeth to the ventral
edge expanded proximally, while in PC2 and PC3 it expanded distally. For PC1, the distance of the premolar to
the ventral edge narrows medially, while for PC2 it widens distally. For PC3, it expanded proximally. For PC1,
the mental foramen expanded proximally, while for PC2 it expanded distally, and for PC3 it expanded proximally.
As a result of the statistical and formal analysis of the Morkaraman sheep mandible, it was obtained that the formal
variation in the distal region was higher than in other regions.
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Figure 3: I: ]'nfradentale, 2: First premolar teet oral border, 3: Last molar teet abqral border, 4: Processus
coronoideus, 5: Incisura mandibulae, 6: Processus condylaris, 7: Caudal end point, 8: Incisura vaorum facialum,
9: Ventral point, 10: the length of from molar teeth to ventral border, 11: the ventral point of under diastema,

12: Mental foramen
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A total of 12 principal components were obtained in the Principal component analysis in figures 4 and 5. The first

three principal components (PC1, PC2 and PC3) explained 30.409, 22.265 and 14.893% of the total variance,
respectively.

-

Principal component 2

-0,06 0,04 0,02 0,00 0,02 0,04 0,08

Principal component 1

Figure 4: Morkaraman sheep Principal component 1-2 variation distributions and 95% confidence ellipses.
Red dots are female, green dots are male.

Principal component 3

-0,08 -0,04 0,02 0,00 0,02 0,04 0,08

Principal component 1

Principal component 3

Principal component 2

Figure 5: Morkaraman sheep Principal component 1-3 and 2-3 variation distributions and 95% confidence
ellipses. Red dots are female, green dots are male.
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Discriminant Function Analysis (DFA) was used to objectively evaluate gender differences. In the discriminant
function analysis, the p value was above 0.05 (p = 0.7). Although there was a complete separation between genders

formally and statistically, no significant p value was found.
In Figure 6, there are points that show significant changes in shape as the variation from female to male increases.

The first premolar teet oral border has expanded proximally. The last molar teet aboral border has expanded
ventrally. Processus coronoideus has expanded distally. The caudal end point narrows proximally. Incicura
vasorum facialum is narrowed proximally. The distance of the molar teeth to the ventral edge has increased

distally. Foramen mentale has expanded ventrally.
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Figure 6: Differences between males and females are shown with punctuation. While the round dots represent
females, the extensions coming from the dots represent males.

Discriminant Function Analysis (DFA) was performed on the mandibles of Morkaraman sheep for gender
determination. The variance and frequency distribution of individuals is given in Figure 7. It can be seen that the
male and female groups are completely separated from each other.
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00 ‘ » "
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Figure 7: Gender distribution graph in Discriminant Function Analysis. Red ones are female, green ones are
male.
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DISCUSSION

In this study, 14 (7F/7M) mandibles from Morkaraman sheep were used. Morkaraman sheep mandibles were
marked from 12 points and both Principal Component Analysis and Discriminant Function analyzes were
performed with geometric morphometric analysis. Morkaraman sheep mandible was examined for gender
determination. Geometric morphometry was an important method that should be used to distinguish gender
between Morkaraman sheep mandibles. In our study, although there was no separation between the genders in the
Principal Component Analysis, a complete formal separation was observed between the genders in the
Discriminate Function Analysis.

Geometric morphometric method-based analyzes performed on the skulls and mandibles of mammals are used to
explain the phylogenetic relationships between living things (Marcus et al. 2000). In addition to skull studies in
ruminants, where dimorphism is clearly evident, various researchers have also conducted studies on the lower jaw
bone and contributed the data to the literature (Ozkan et al. 2020).

Analyzes were made on the lengths determined by studies on the skull (Jashari et al. 2022), mandible (Jashari et
al. 2022; Ozkan et al. 2020) and metapodium (Guindemir et al. 2020; Kahraman et al. 2022) in sheep, and our As
in our study, the unique anatomical differences of the species were evaluated with various methods in terms of
species and gender. With simpler variation and deviation analyses, the effects of variables on gender were
examined in morkaraman sheep.

There are many studies in the literature in which the obtained principal component variances, especially the first
three, are evaluated and discussed as a result of the analysis. In such a study conducted on the mandible of Awassi
sheep, researchers stated that especially the first principal component explained 24.92% of the total shape
difference (Demircioglu et al. 2021). Examining the variations in different sheep breeds using the geometric
morphometry method, Boz et al. (2023) obtained a total of 14 components. In the components they obtained, they
stated that PC1 explained 29.668% of the total variation and PC2 explained 22.169%, and both PC values
explained more than half of the total variation. They also reported 13.643% in PC3. In Morkaraman sheep (PC1),
it alone explained 30.409% of the total variation. PC2 and PC3 explained 22.265% and 14.893% respectively.
Demiraslan et al. (2024), who examined the mandible of Hamdani and Awasi sheep using the geometric
morphometric method, stated that, according to their findings, PC1 explained 36.52% of the total difference, and
the sum of the other two PC analyzes and PC1 explained 63.822% of the shape difference. In Morkaraman sheep,
the sum of PC1 and PC2 alone explained more than half of the shape variation.

Demiraslan et al. (2021), conducted geometric morphometric analysis on the mandibles of Honamli and Kil goats.
They reported in their study that hair goats showed a very distinct gender difference compared to honamli goats.
They also stated that in terms of race, male goats are clearly clustered compared to females. Demircioglu et al.
(2021) also stated that there was no significant difference between genders between mandibles.

Researchers who studied Anatolian wild sheep (Yal¢in and Kaya, 2009) and Awassi sheep (Demircioglu et al.
2021) reported that no dimorphism was observed in terms of gender. In our study, when we compared the study
with other studies in the literature in terms of gender dimorphism, similar findings were obtained. However, when
we looked at it in terms of discriminant function analysis, formal differences were observed.

Principal component variances, which express statistical and shape variations between groups, are related to the
number of materials used, Kocak et al. (2023) obtained 46 variances in their principal component analysis study,
whereas in our study, 12 variances were obtained due to the difference in the number of animals. Like the
researchers who discriminate between genders with discriminant function analysis (Kogak et al. 2023), this
method was used in our study and there was a complete separation between genders.

Researchers who studied the Anatolian wild sheep (Yal¢m and Kaya 2009), in which the shape variations in the
gonion ventrale are quite prominent, suggested that this difference is related to environmental conditions and
nutrition, and also due to adaptations during the domestication process. Among the first three analyzes obtained
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in Morkaraman sheep, it is seen that the gonion ventrale expands distally in PC1 and PC3, and proximally in PC2.
It has been reported that there are significant differences in this parameter in Awassi sheep (24). It was also stated
that there were differences in LM2, LM8 and LM10 levels, but they were limited.

CONCLUSION

This study aims to analyze the morphometric findings of the Morkaraman sheep mandible as well as its shape,
and it is thought that these analyzes will contribute significantly to the studies to be carried out in this field, the
identification and determination of osteological materials obtained as a result of archaeological excavations, the
creation of three-dimensional models and the use of these shape analyzes in animal human models. In addition,
principal component variation values between males and females were examined on a race basis with Principal
Component Analysis, and shape changes between males and females were interpreted in Principal Component
Analysis. In addition, gender determination was evaluated with Discriminant Function Analysis, which is the
main element of the study.
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- MAKALE
OZET BILGIiSi
Caligmada kivircik koyunlarinda bulbus oculi’nin morfometrik ve makroanatomik olarak incelenmesi Gelis:

amaclanmistir. Bu amacla Balikesir’de mezbehanede kesilen 8 adet kivircik koyun kafasi kullanildi. 28.02.2024
Kafalar biitiin halinde tartildiktan sonra bulbus oculi’ler orbitadan diseke edildi ve sonra hassas terazi

ile agirliklar1 saptandi. Daha sonra pupilla, lens, bulbus oculi ve cornea’ya ait 11 noktadan 6lgiimler Kabul:
yapildi. Bulbus oculi’ye ait morfometrik analizler IBM®SPSS 22 paket programinda yapilmustir. 22.03.2024
Cinsiyet ile anatomik yapinin sag ve sol taraflarina ait 6lgiilerin verileri arasinda istatistiksel fark olup

olmadig1 ve cinsiyet ile organlarin sag ile sol olmasinin birbirini etkileyip etkilemedigi ve aralarinda

etkilesimin olup olmadigi ¢ok faktorlii ve etkilesimli varyans analizi (Two-Way ANOVA) uygulanda.

Kafa agirhigmin cinsiyet ayrimina gére analizi Mann Whitney U testi ile incelendi. Incelenen tiim

ozellikler (uzunluklar ve kalinliklar) arasinda bir iligkinin istatistiksel olarak anlamli varlig1 ise Pearson

korelasyon testiyle incelendi ve Istatistiksel anlamlilik diizeyi P < 0,05 olarak kabul edildi. Yapilan

analizler sonucu istatiksel olarak organlarin cinsiyet ile ilgili olarak sag ve sol olmasinin birbirini

etkilemedigi sonucuna varilmistir. Korelasyon analizinde ise anlamli bir iligki oldugu goriilmiistiir.

Anahtar kelimeler: Kivircik koyunu, morfometri, bulbus oculi.

Morphometric and Macroanatomic Investigation of Bulbus Oculi in Kivircik Sheep

ARTICLE
ABSTRACT INEO
In this study, it was aimed to examine the bulbus oculi morphometrically and macroanatomically in Received:
kivircik sheep. For this purpose, 8 curly sheep heads cut in a slaughterhouse in Balikesir were used. 28.02.2024
After the heads were weighed as a whole, the bulbus oculi were dissected from the orbit, and then Accepted:

their weights were determined with precision balances. Then, measurements were made from 11 22.03.2024
points belonging to the pupil, lens, bulbus oculi and cornea. Morphometric analyzes of bulbus oculi
were made in IBM®SPSS 22 package program. Multi-factor and interactive analysis of variance
(Two-Way ANOVA) test was used to determine whether there was a statistical difference between
gender and the data of the measurements of the right and left sides of the anatomical structure, and
whether the gender and the right and left sides of the organs affected each other and whether there was
an interaction between them. Analysis of head weight according to gender was analyzed by Mann
Whitney U test. The presence of a statistically significant relationship between all examined features
(lengths and thicknesses) was examined with the Pearson correlation test and the statistical
significance level was accepted as P < 0.05. As a result of the analyzes, it was concluded that
statistically the right and left organs in relation to gender do not affect each other. In the correlation
analysis, it was seen that there was a significant relationship.

Keywords: Kivircik sheep, morphometry, bulbus oculi.
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GIRIS

Kivircik koyunu Tiirkiye, Bulgaristan ve Yunanistan’da yetistirilen bir koyun wrkidir. Tiirkiye’deki yagsiz
uzun kuyruklu bir 1rk olan kivircik koyununun, diger koyun irklan ile karsilastirildiginda yapag: kalitesinin
yiiksek oldugu bildirilmistir. Tiirkiye’de yetistirilmekte olan Kivircik koyunlar1 da kaba, karigik yapagi ve
beyaz viicutlariyla taninmaktadirlar. Ulkemizde ise en ¢ok Bursa, Balikesir, Sakarya, Manisa, Izmir, Aydin
ve Trakya bolgesinde yetistirilmektedir (Selvi ve Ustiiner 2021). Bas ve ayaklarinda siyah lekeli alanlar
goriilebilir. Erkek hayvanlarda beyaz renkli spiral seklinde boynuzlar bulunurken disi hayvanlarin boynuzlari
yoktur. Bag, boyun, karin alt1, bacaklar ¢iplaktir. Kuyruk ise uzun, ince ve tarsal ekleme kadar uzanir (Selvi,
ve Ustiiner 2021; Kaymake¢1 ve Sonmez, 1992). Kivircik rkinda, yag et lifleri arasinda iyi dagildigs igin et
kalitesi yoniinden yerli koyun irklarinda ilk sirada bulunmaktadir (Akg¢apinar, 1994). Canlilar igin hayati bir
organ olan g6z, temel duyu yeteneklerinden olan gérme yetenegini yerine getirebilmektedir. Bu amagla
birgok cevresel faktor ile birlikte zaman igerisinde canlinin yasadigi ortama da adapte olabilmesi igin
sekillerinde bazi farklilagmalar meydana gelmistir. Gorme organi olan goz, c¢evreden foto stimulatorleri
toplayip, kaydeden ve tiim bunlar1 anatomik ve fizyolojik mekanizmalar1 beyne ileterek elektriksel uyarilara
doniistiiren birgok boliimden olusmustur (Konig ve Liebich, 2013). G6z; duyu organlari igerisinden dis
etmenlere, hastaliklara ve 1518a kars1 duyarli olan viicudun en kompleks organidir (Demircioglu ve Yilmaz,
2019). Bulbus oculi, sekil ve biiylikliikk yoniinden tiirler ve bireyler arasinda net goriilebilen degiskenlere
sahiptir (Koénig ve Liebich, 2013). Memelilerde kalin bir kiiresel hat olarak bulunan g6z kiresi, koyun,
domuz, at ve sigirlarda anterio-posterior axiste hafif basik ve diizlesmis olarak bulunur (Oksar ve ark., 2021).
Bulbus oculi’nin anatomik olarak yer aldigi bolge hayvanlarda av ya da avci olduklarini gosterebilir. Avci
olarak bilinen kedi, kopek gibi carnivorlarda gozler 6n ve ileride bulunurken, av olarak tanimlanabilecek
olan otgul hayvanlar ve gevis getirenlerde gozler lateral olarak yer alir. Bu tiirlerin sag ve sol taraftaki
goriintiileri birbiriyle ortiismez, binokiiler gérme kapasiteleri azdir (Dyce ve ark., 2010).Bulbus oculi, orbita
ismi verilen anatomik yapinin iginde yer almaktadir (Akin ve Samsar, 1999). Tiirler ve bireyleri arasinda
bulbus oculi’nin sekil ve bliylikliik agisindan gozle goriilebilir farklilasmalar bulunmaktadir. Kornea’nin 6ne
dogru tastig1 kisma oranla daha biiylik bir egrilik gosteren arka boliim nedeni ile goz kiiresinin dis cidar
tamamen yuvarlak degildir (Konig ve Liebich, 2013). Bulbus oculi, distan ige dogru; tunica fibrosa bulbi,
tunica vasculosa bulbi, tunica interna bulbi olmak iizere ii¢ katmandan olusmaktadir. Tunica fibrosa bulbi’de
cornea ve sclera, tunica vasculosa bulbi’de iris, corpus cliare ve choroidea, tunica interna bulbi’de ise retina
bulunur (Dursun, 2000; Malkog, 2006).

MATERYAL VE YONTEM

Bu caligmada 8 adet Kivircik koyununa ait 16 adet bulbus oculi incelenmistir. Materyaller Balikesir’de
mezbehanede kesilen Kivircik irki koyunlarindan temin edildi. Kullanilacak olan bulbus oculi’lerin deforme
olmamig, normal goriinimlii olmasimna dikkat edildi. Bir biitiin olarak alinan kafa bolgesi, Balikesir
Universitesi Veteriner Fakiiltesi Anatomi Laboratuvarma getirildi. Kafalar biitiin halinde tartildiktan sonra
bulbus oculi’ler orbitadan diseke edildikten sonra hassas terazi ile agirliklar1 saptandi. Daha sonra pupilla,
lens, bulbus oculi ve cornea’ya ait 11 noktadan dlgiimler yapildi. Olgiim noktalari Demircioglu ve Yilmaz
(2019)’a gore belirlendi. Olgiimler Piranha marka dijital kumpas yardimiyla 6lgiildii. Analizler IBM®SPSS
22 paket programinda yapilmistir.

Bulbus oculi’ye ait 6l¢iim noktalar:

a. Dorso-ventral (DV) ¢ap: Bulbus oculi’nin dorsal yonde en ug noktasi ile ventral yondeki en ug
noktalar1 arasindaki uzunluk

b. Medio-lateral (ML) ¢ap: Bulbus oculi’nin temporal ve nasal taraftaki u¢ noktalar1 arasindaki uzunluk

€. Axial uzunluk/cap: Polus anterior ile polus posterior arasindaki uzunluk
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e . Bulbus oculi ve cornea’ya ait olgiim noktalari. a: Bulbus oculinin ¢api, b: Bulbus oculinin
kil 1. Bulb li ‘ya ait olgii ktal Bulb linin ML ¢apt, b: Bulb linin DV
¢api, Sart ok: Cornea’nin ML ¢api, Mavi ok: Cornea’nin DV ¢ap.

Sekil 2. Bulbus oculi’'nin axial ¢ap:.

Cornea’ya ait 6l¢iim noktalar
a. Dorso-ventral (DV) cap: Corne’nin dorsal yonde en ug noktasi ile ventral yondeki u¢ noktalar
arasindaki uzunluk
b. Medio-lateral (ML) ¢ap: Cornea’nin temporal ve nasal taraftaki ug noktalar1 arasindaki uzunluk

Pupilla’ya ait ol¢iim noktalar
a. Dorso-ventral (DV) c¢ap: Pupilla’nin dorsal yonde en ug¢ noktasi ile ventral yondeki ug noktalari
arasindaki uzunluk
b. Medio-lateral (ML) ¢ap: Pupilla’nin temporal ve nasal taraftaki u¢ noktalar arasindaki uzunluk
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Sekil 3. Pupilla’ya ait élgiim noktalari, mavi ok: Pupilla’min ML ¢apt, sart ok: Pupilla’nin DV ¢ap.
Lens’e ait 6l¢tim noktalar:

a. Dorso-ventral (DV) c¢ap: Lensin dorsal yonde en u¢ noktasi ile ventral yondeki u¢ noktalari
arasindaki uzunluk

b. Medio-lateral (ML) ¢ap: Lensin temporal ve nasal taraftaki u¢ noktalar1 arasindaki uzunluk

c. Kalmlik: Lensin orta noktasinin anterior ve posterior ug¢ noktalar1 arasindaki uzunluk.

Sekil 4. Lense ait ol¢iim noktalari. ML: Lensin ML ¢api, DV Lensin DV ¢apt
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Sekil 5. K: Lensin kalinlig:.

BULGULAR

Bulbus oculiye ait morfometrik degerler Tablo 1’ de gdsterilmistir. Cinsiyet ile anatomik yapinin sag ve sol
taraflarina ait dlgiilerin verileri arasinda istatistiksel fark olup olmadigi ve cinsiyet ile organlarin sag ile sol
olmasinin birbirini etkileyip etkilemedigi ve aralarinda etkilesimin olup olmadig1 ¢ok faktorlii ve etkilesimli
varyans analizi (Two-Way ANOVA) testiyle incelenmistir. Bu analizler Tablo 2-4’te gosterilmistir. Kafa
agirliginin cinsiyet ayrimina gore analizi Mann Whitney U testi ile incelenmis olup tablo 5’de sunulmustur.
Incelenen tiim &zellikler (uzunluklar ve kalinliklar) arasinda bir iliskinin istatistiksel olarak anlamli varlig
ise Pearson korelasyon testiyle incelenerek Tablo 6°da gdsterilmistir. Istatistiksel anlamlilik diizeyi P < 0,05
oldugunda kabul edilmistir (Karagoz, 2015).

Tablo 1. Bulbus oculi’ye ait morfometrik degerler

El D1 E2 D2 D3 E3 E4 D4
Kafa Agirh@ (gr) 1650 1600 1800 1900 1700 1650 1950 2100
Sag bulbus oculi agirhig: (gr) 114 11,3 114 10,4 10,0 114 11,0 11,2
Sol bulbus oculi agirhg (gr) 10,9 11,3 111 111 10,2 114 11,7 115
Sag bulbus oculi DV ¢ap (mm) 259 249 24,6 258 254 253 24,6 27,3
Sol bulbus oculi DV ¢ap (mm) 26,1 26,0 23,9 25,0 249 24,6 26,4 27,6
Sag bulbus oculi ML ¢ap (mm) 27,8 28,6 27,6 28,7 27,9 26,9 28,3 28,4
Sol bulbus oculi ML ¢ap (mm) 285 24,7 28,4 28,5 26,8 27,4 27,6 28,6
Sag bulbus oculi axial ¢cap (mm) 26,0 31,3 29,5 26,7 26,5 26,5 28,0 27,1
Sol bulbus oculi axial ¢ap (mm) 29,1 29,9 28,2 26,8 26,5 28,6 29,2 21,7
Sag cornea DV ¢ap (mm) 12,1 13,1 13,0 14,1 13,7 14,8 13,9 13,2
Sol cornea DV ¢ap (mm) 13,0 13,7 14,1 13,7 12,7 144 13,7 13,1
Sag cornea ML cap (mm) 17,8 18,5 18,3 19,0 18,4 194 18,4 18,5
Sol cornea ML ¢ap (mm) 17,1 19,1 19,7 18,6 18,4 19,3 19,4 18,5
Sag pupilla DV ¢ap (mm) 6,1 6,4 6,1 6,5 7,6 6,5 6,8 6,7
Sol pupilla DV ¢ap (mm) 7,2 7,5 6,5 7,3 7,3 7,2 8,2 6,1
Sag pupilla ML ¢ap (mm) 11,4 10,7 11,9 11,9 12,8 10,1 11,6 1,6
Sol pupilla ML ¢ap (mm) 11,9 114 11,9 11,0 12,8 12,0 12,5 12,0
Sag lens DV ¢ap (mm) 11,0 11,7 11,2 11,8 11,1 11,7 111 11,2
Sol lens DV cap (mm) 10,1 11 11,8 11,6 11,5 11,7 11,6 11,6
_Sag lens ML ¢ap (mm) 11,0 11,5 11,1 12,1 11,7 11,5 11,0 12,0
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Tablo 2. Bulbus oculi’ye ait parametrelerin ¢ok faktorlii ve etkilesimli varyans analizi (Two-Way ANOVA)

ile incelenmesi.
Bulbus Oculi
Agirhk DV ML Axial Cap
Cinsiyet
Erkek 11,29+0,09 25,17+0,31 27,81+0,19 28,13+0,45
Disi 10,83+0,22 25,86+0,37 27,77+0,49 27,81+0,64
Organ
Sag 10,95+0,20 25,47+0,31 28,02+0,20 27,70+0,64
Sol 11,17+0,16 25,56+0,41 27,56+0,11 28,25+0,42
Cinsiyet-Organ
Erkek-Sag 11,29+0,11 25,10+0,31 27,65+0,29 27,50+0,79
Erkek-Sol 11,30+0,017 25,25+0,59 27,97+0,27 28,77+0,23
Disi-Sag 10,62+0,35 25,85+0,51 28,40x0,17 29,90£1,14
Disi-Sol 11,03+0,28 25,87+0,62 27,15+0,91 27,72+0,76
P degeri
Cinsiyet 0,225 0,217 0,942 0,692
Organ 0,057 0,871 0,380 0,506
Cinsiyet*Organ 0,051 0,908 0,147 0,384

Veriler, Ortalama + Standart hata olarak sunulmustur.

Tablo 3. Cornea’ya ait ait parametrelerin ¢ok faktorlii ve etkilesimli varyans analizi (Two-Way ANOVA) ile

incelenmesi.
Cornea
Cornea DV Cornea ML Pupilla DV Pupilla ML
Cinsiyet
Erkek 13,62+0,30 18,67+0,32 6,82+0,24 11,66+0,25
Disi 13,4140,15 18,62+0,09 6,92+0,19 11,77+0,26
Organ
Sag 13,48+0,29 18,5310,16 6,58+0,16 11,49+0,28
Sol 13,5540,20 18,76+0,29 7,16+0,22 11,93+0,19
Cinsiyet-Organ
Erkek-Sag 13,45+0,58 18,47+0,33 6,30+0,17 11,24+0,39
Erkek-Sol 13,80+0,30 18,87+0,60 7,27+0,35 12,07+0,14
Disi-Sag 13,52+0,23 18,60+0,13 6,80+0,27 11,75+0,43
Disi-Sol 13,30+0,24 18,65+0,15 7,05%0,32 11,80+0,39
P degeri
Cinsiyet 0,572 0,897 0,733 0,758
Organ 0,865 0,548 0,068 0,247
Cinsiyet*Organ 0,448 0,640 0,279 0,303

Veriler, Ortalama + Standart hata olarak sunulmustur.

Tablo 4. Lens e ait parametrelerin ¢ok faktorlii ve etkilesimli varyans analizi (Two-Way ANOVA) ile

incelenmesi.
Lens
DV ML Kalinhik Cap
Cinsiyet
Erkek 11,27+0,20 11,22+0,24 8,58+0,17
Disi 11,43+0,10 11,75+0,12 8,48+0,18
Organ
Sag 11,35+0,11 11,48+0,15 8,54+0,14
Sol 11,36+0,19 11,48+0,26 8,52+0,21
Cinsiyet-Organ
Erkek-Sag 11,25+0,15 11,15+0,11 8,77+0,80
Erkek-Sol 11,290,40 11,30+0,50 8,40£0,34
Disi-Sag 11,45+0,17 11,82+0,13 8,31+0,25
Disi-Sol 11,42+0,14 11,67+0,23 8,65+0,29
P degeri
Cinsiyet 0,514 0,099 0,699
Organ 0,968 1,000 0,937
Cinsiyet*Organ 0,889 0,618 0,202
Veriler, Ortalama + Standart hata olarak sunulmustur.
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Tablo 6’da incelenen 6zelliklere ait korelasyon katsayilart sunulmustur. Cornea DV ¢ap uzunlugu ile Cornea
ML ¢ap uzunlugu arasinda pozitif ve istatiksel olarak anlamli bir iliski oldugu belirlenmistir (= 0,734,
p<0,01). Cornea ML ¢ap uzunlugu ile Lens DV ¢ap (r=0,789 , p<0,01), Lens ML cap (r=0,672 , p<0,01)
uzunlugu ve Lens kalinlik ¢ap1 r=0,535 , p<0,05) arasinda pozitif ve anlamli bir iligki oldugu tespit
edilmistir. Lens DV ¢ap uzunlugu ile Lens ML ¢ap uzunlugu arasinda pozitif ve istatiksel olarak anlaml1 bir
iliski gézlenmistir. (=0,854 , p<0,01).

Tablo 5. Kafa agirligimin Mann-Whitney U analizi ile incelenmesi

Kafa Agirhg:
Cinsiyet
Erkek 71,80
Disi 110,86
P degeri 0,772

Tablo 5. Bulbus oculi’ye ait degerlerin Pearson korelasyon analizleri.
Bulbus Bulbus Bulbus

Bulbu_s oculi oculi oculi Cornea Cornea Pupilla Pupilla  Lens Lens Lens
Oculi | ial Dv | Dv Ml Dv | Kahnhk
Ageng DV ML Adal e, MIGa oy cap cap MG e
Cap Cap Cap
Kafa
Agirligt -0,197 0,488 0435 -0,177 0,103 0,029 0,134 0,339 -0,206 0,355 0,445
(Gr)
Bulbus
Oculi 0,166  -0,139 0,448 0,028 0,189 -0,148  -0,432 0,068 -0,075 0,482
Agirhig
Bulbus
Oculi DV 0,061 -0,130 -0,300  -0,244 0,024 0,083 -0,237 0,093 0,052
Cap
Bulbus
Oculi ML -0,139 -0,113 -0,279 -0,355 0,032 0,096 0,194 -0,180
Gap
Bulbus
Oculi -0,013 0,048 0,091 -0,115 -0,101 -0,297 -0,023
Axial Cap
Cornea o )
DV Cap 0,734 0,232 0,244 0,448 0,330 0,227
Cornea ) . . N
ML Cap 0,167 0,108 0,789 0,672 0,535
Pupilla
DV Cap 0,422 -0,143 -0,044 -0,257
Pupilla
ML Cap -0,140 0,062  -0,273
Lens DV 0,854** 0,419
Gap
Lens ML 0,440
Gap

*: P<0,05 **; P<0,01 ***: P<0,001
TARTISMA ve SONUC

Kivireik koyunlarinda bulbus oculinin agirlik ortalamalar erkeklerde sag 11,29 + 0,11 gr, sol 11,30+0,01 gr;
disilerde sag 10,62+0,35 gr, sol 11,03+0,28 gr olarak saptanmustir. Ivesi koyunlarinda (Demircioglu ve
Yilmaz, 2019) bulbus oculi agirliklari; erkeklerde sag 11,92+0,37 gr, sol 12,39 + 0,37 gr, disilerde sag 15,69
+ 0,47 gr, sol 15,57 £+ 0,48 gr olarak belirlenirken develerde (Camelus dromedarius) (Abuagla ve ark, 2016)
sag; 21.30 + 3.11 gr, sol; 21.10 = 2.75 gr, Shal, Red Sokoto, West African Dwarf kecilerinde yapilan
calismada (Olopade ve ark., 2005) sirasiyla; 7.02 + 0.98 gr, 5.27 £ 0.15 gr, 7.91 £ 1.08 gr, olarak
bildirilmistir.

Olopade ve ark. (2005) bulbus oculinin sahel kegilerinde sag ML cap1 erkeklerde 8.12 £ 0.53 mm, disilerde
8.34 + 0.36; sol ML ¢ap1 erkeklerde 8.14 £ 0.34 mm, disilerde 8.20 = 0.44 mm olarak rapor etmislerdir.
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Yilmaz ve Demircioglu (2019) Ivesi koyunlarinda bulbus oculi’nin DV ¢apim erkeklerde sag; 25.95 + 0.49
mm, sol; 26.56 £ 0.53 mm; disilerde sag 29.33 £+ 0.44 mm, sol; 28.38 £ 0.46 mm, ML ¢ap1 ise erkeklerde
sag; 28.11 = 0.42 mm, sol; 27.50 + 0.39 mm, disilerde sag; 30.50 £ 0.44 mm, sol; 31.00 + 0.43 mm, olarak
belirlerken bu ¢alismada kivircik koyunlarinda erkeklerde sag DV ¢ap 25,104+0,31 mm, sol 25,25+0,59 mm,
disilerde sag DV ¢ap 25,85+0,51 mm, sol 25,87+0,62 mm , ML ¢ap1 ise erkeklerde sag; 27,65+0,29 mm, sol;
27,97+0,27 mm, disilerde sag; 28.40 = 0.17 mm, sol; 27.15 + 0.91 mm olarak bulunmustur. Bu sonuglara
gore kivircik koyunlarmim bulbus oculi’sinin ivesi koyunlarina gore erkeklerde DV ve ML caplarn
birbirlerine yakinken, disilerde daha diisiik, sahel kegcilerindekinden ise her iki ¢apindan da daha biiyiik
oldugu tespit edilmistir.

Kivircik koyunlarinda cornea’nin ML ¢ap1 erkeklerde sag 18,47+0,33 mm, sol 18,87+0,60 mm, disilerde sag
18,60+0,13 mm, sol 18,65+0,15 mm olarak tespit edilmistir. Fornazari ve ark. (2016) berberi koyununda
(Ammotragus lervia) corneanin ML ¢apini 25.05 + 2.18 mm, DV ¢apin1 17.95 + 1.68 mm olarak saptarken
Ivesi koyununda (Demircioglu ve Yilmaz, 2019) cornea’nin ML ¢apin1 erkeklerde sag 21.99 + 0.30 mm, sol
21.98 + 0.32 mm, disilerde sag 24.09 + 0.38 mm, 24.09 + 0.40 mm olarak bildirmistir. Calismada cornea’nin
DV cap1 erkeklerde sag 13,45+0,58 mm, sol 13,804+0,30 mm, disilerde sag 13,52+0,23 mm, sol 13,30+0,24
mm belirlenmistir. Ivesi koyunlarinda (Demircioglu ve Yilmaz, 2019) erkeklerde sag 17.08 + 0.26 mm, sol
16.87 + 0.38 mm, disilerde 17.88 = 0.43 mm, sol 18.66 + 0.40 mm olarak bildirmistir.

Demircioglu ve Yilmaz (2019), ivesi koyunlarinda lens kalmligini erkeklerde sag 8.87 £+ 0.21 mm, sol 19.28
+ 0.16 mm, disilerde sag 10.08 + 0.14 mm, sol 10.36 + 0.16 mm olarak, Fornazari ve ark. (2016) berberi
koyununda (Ammotragus lervia) lens kalinligini 9.4 + 0.33 mm olarak bildirmistir. Oksar (2017) akkaraman
koyunlarinda lensin kalinliginin erkekte sag 7.93, sol 7.82, diside sag 7.97, sol 8.12 mm olarak tespit
etmistir. Yapilan bu calismada lens kalinlig1 erkeklerde 8,58+0,17 mm, disilerde 8,48+0,18 mm olarak
saptanmistir. Ivesi koyunlarinda Lens kalinhginin erkek ve disiler arasindaki farkin istatistiksel olarak
onemli oldugu bildirilirken, bu ¢aligmada kivircik koyunlarinda herhangi bir fark bulunamamustir.

Kivircik koyunlarinda pupilla’nin DV ¢ap1 erkeklerde sag 6,30+0,17 mm, sol 7,27+0,35 mm, disilerde sag
6,80+0,27 mm, sol 7,05+0,32 mm olarak bildirilmistir. Pupilla ML ¢ap1 erkeklerde sag 11,244+0,39 mm, sol
12,07+£0,14 mm, disilerde sag 11,75+0,43 mm, sol 11,80+0,39 mm olarak saptanmistir. Demircioglu ve
Yilmaz (2019) ivesi koyunlarinda pupillanin DV ¢apimi erkeklerde sag 6.75 + 0.28 mm, sol 7.38 £ 0.33 mm;
disilerde sag 7.49 £+ 0.28 mm, sol 7.69 &+ 0.24 mm olarak. Pupilla’nin ML ¢apin1 erkeklerde sag 11.88 + 0.29
mm, sol 11.83 + 0.35 mm, disilerde sag 13.58 + 0.24 mm, sol 13.71 £ 0.24 mm olarak belirlemistir. Abuagla
ve ark. (2016) develerde pupilla’nin ¢apini sag 2.04 + 0.21 c¢m, sol 2.08 £+ 0.23 cm olarak bildirmistir.

Sonug olarak, ¢alismada yapilan analizler sonucu istatiksel olarak organlarin cinsiyet ile ilgili olarak sag ve
sol olmasinin birbirini etkilemedigi sonucuna varilmisgtir. Korelasyon analizinde ise anlamli ve dnemli iliski
oldugu goriilmiistiir.

CIKAR CATISMASI

Yazarlar herhangi bir ¢ikar ¢atismasi bildirmemistir.
YAZAR KATKISI

Tum yazarlar esit katk1 saglamistir.

ETiK BEYAN

“Kivircik Koyunlarinda Bulbus Oculi’nin Morfometrik ve Makroanatomik Olarak Incelenmesi”
baslikli ¢alismanin yazim siirecinde bilimsel kurallara, etik ve alinti kurallarina uyulmus; toplanan veriler
iizerinde herhangi bir tahrifat yapilmamis ve bu calisma herhangi baska bir akademik yayin ortamina
degerlendirme i¢in gonderilmemistir. Hayvan Deneyleri Etik kurullarinin ¢alisma usul ve esaslarina dair
yonetmeligin  (15.02.2014) 8. maddesinin (k) bendi 1. fikrasinda belirtildigi tlizere c¢alismamizda
kullandigimiz materyal; 6zel bir ¢iftligin kesimhanesinde kesimi yapilan ve karkaslarinin insan tiiketimine
sunuldugu materyal olmasindan dolay1t HADYEK iznine tabi degildir.
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ABSTRACT INEO

In this study, it was aimed to determine Bordetella bronchiseptica, Mycoplasma felis, Staphylococcus aureus

and Chlamydia felis, which cause bronchopneumonia in cats, by Real-time PCR and to compare the Received:
pathological findings of the identified agents. The material of the study was constituted of paraffin blocks 19.03.2024
belonging to the lungs, of which 21 bronchopneumonia were detected in microscopic examination (with Accepted:
Hematoxylin Eosin (HE)) from a total of 78 cats samples brought to Selcuk University, Faculty of Veterinary 29.04.2024
Medicine, Department of Pathology for pathological diagnosis. Histopathologically, polymorphonuclear

leukocytes (PMNL) and mononuclear cell infiltration (MCI) in the bronchi and bronchiolar lumens,

desquamation in the bronchi and bronchiolar epithelium, PMNL infiltration with oedama in alveolar lumens

and desquamated alveolar epithelium, PMNL infiltration in the interstitium, and peribronchi and

peribronchiolar MCI, and pleuritis were detected. Real-time PCR analysis revealed Bordetella bronchiseptica

in 3 (14.29%) cases, Mycoplasma felis in 3 (14.29%), Staphylococcus aureus in 5 (23.8%), and Chlamydia

felis in 5 (23.8%). Morever, Mycoplasma felis and Staphylococcus aureus infection was detected in 1 case,

and Staphylococcus aureus and Chlamydia felis mixed infection was observed in 1 case. Our results show

that relevant agents can frequently be isolated in cases of feline bronchopneumonia.
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INTRODUCTION

Pneumonia in domestic animals may occur due to exposure to foreign substances fungi, viruses, parasites,
irritating gases and, especially bacteria (Maxie, 2015; Ciftci et al., 2021). Cases of bacterial pneumonia usually
occur due to some viral infections, drugs that cause immunosuppression or neutropenia, uremia,
hyperadrenocorticism, diabetes, diseases that impair immune responses or neutrophil function, including systemic
mycoses or primary immunodeficiencies, ciliary dyskinesia and stress (Dear, 2014; Chauhan et al., 2024). Many
bacterial agents play a role in the aetiology of bacterial pneumonia in cats, including species such as Bordetella,
Mycoplasma, Pasteurella, Francisella, Chlamydia, Mycobacterium, and Staphyloccocus (Padrid et al., 1991; Dye
et al., 1996; Chauhan et al., 2024).

Bordetella spp. are gram-negative, aerobic, encapsulated and small coccobacillus-shaped bacteria (Cornelissen et
al., 2012). Bordetella bronchiseptica causes respiratory diseases in cats, rats, horses, pigs, marine mammals,
humans, and especially dogs. Tracheobronchitis and pneumonia in cats have been associated with B.
bronchiseptica. The disease progresses mildly unless complicated by agents such as calicivirus and feline
herpesvirus, but it can cause fatal bronchopneumonia in Kittens (Songer and Post, 2004; Walter et al., 2020).

Most Mycoplasma species are commensal organisms that colonise the respiratory tract mucosa. Mycoplasma spp.
have a species-specific host organism relationship. They are facultative anaerobic microorganisms except M.
pneumoniae. Mycoplasma microorganisms are the smallest prokaryotic cells lacking cell wall and able to multiply
on their own (Cornelissen et al., 2012; Eissa, 2024). It has not been fully determined whether Mycoplasma is a
primary pathogen or an opportunistic pathogen in cats and dogs. However, M. cynos is known to cause fibrinous
pneumonia in dogs and M. felis cause fibrinous pneumonia in cats. Macroscopically, hepatised areas are identified
in the lung. M. felis causes mostly pneumonia and conjunctivitis in young cats (Songer and Post, 2004; Ciftci et
al., 2021; Chauhan et al., 2024).

Staphylococci are gram-positive, cocci-shaped, nonmotile, sporeless, facultative anaerobic, catalase-positive
bacteria that occur in chains, singly, and often in the appearance of a bunch of grapes (Songer and Post, 2004;
Rasheed and Hussein, 2021). The presence of Staphylococcus in the natural flora of pet mucosa paves the way
for Staphylococcus infections. Most infections occur as a result of damage to the integrity of the skin or mucous
membranes due to various reasons. S. aureus is the causative agent of necrotic pneumonia. S. aureus causes
suppurative infections and septicemia in all species (Songer and Post, 2004; Cornelissen et al., 2012).

Chlamydiae are gram-negative, obligate intracellular bacteria. Although small and oval-shaped, their shapes may
vary during reproduction stages. Chlamydia is spread by direct contact or aerosol (Songer and Post, 2004;
Cornelissen et al., 2012). Chlamydia felis is endemic among domestic cats worldwide and causes conjunctivitis,
rhinitis and pneumonia (Songer and Post, 2004; Sykes, 2021). They cause serous, catarrhal, and sometimes
purulent inflammation in the upper respiratory tract and, the most important lesion, interstitial pneumonia (Songer
and Post, 2004; Ciftci et al., 2021).

In this study, it was aimed to determine the presence of Bordetella bronchiseptica, Mycoplasma felis,
Staphylococcus aureus and Chlamydia felis, which cause bronchopneumonia in cats, by Real-time PCR and to
compare the pathological findings of the identified agents.

MATERIAL AND METHODS

Animal materials

The material of the study was paraffin blocks belonging to the lungs of which 21 bronchopneumonia were detected
in microscopic examination (with Hematoxylin and Eosin (H&E)) from a total of 78 cat samples brought between
2022-2023 years for pathological diagnosis to Selcuk University Faculty of Veterinary Medicine, Department of
Pathology. The sections were examined under a light microscope (Olympus BX51, Tokyo, Japan) and
photographed. The age groups of the cats that comprised the study material were grouped according to VVogt et al.
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(2010). Cases with histopathological findings of viral, parasitic and fungal agents, trauma and gunshot wounds,
and primary tumour focus or metastasis were not evaluated as study materials.

Real-time PCR analysis

Sections from paraffin blocks of bronchopneumonia were taken into sterile eppendorf tubes. DNA isolation was
performed using the commercial isolation kit (QlAamp® DNA FFPE Tissue Kit, Cat. No: 56404) following the
instructions of the manufacturer. The isolated DNAs were stored at -20°C for use in Real-time PCR analyses.
DNA copies of Bordetella bronchiseptica, Mycoplasma felis, Staphylococcus aureus and Chlamydia felis were
investigated using the QIAGEN Rotor-Gene Q Real-time PCR device, using primers prepared by a private
company in accordance with the instructions of the manufacturer. Deionised water was used as the negative
control. The primer sequences used in Real-time PCR analysis are given in Table 1.

Table 1. Primer sequences used in the study.

Agents Primer sequences

F: 5-AGAAGCACTTGCGGGAGATA-3’

Mycoplasma felis
R: 5-CAACGATACGAGGAACACCA-3'

F: 5'-GAT GAC CAATAT TCT GGA TGG-3'

Staphylococcus aureus
R: 5-TTA GAA CAG CAT CTC AAT GTG-3’

F: 5'-CCCCCGCACATTTCCGAACTTC-3'

Bordetella bronchiseptica
R: 5-~AGGCTCCCAAGAGAGAAAGGCTT-3'

F: 5-GGCTGAAAGATGAGCTCGAGAG -3’

Chlamydia felis
R: 5'-TCTCAAAGCACAGCGGACTG-3'

F: Forward, R: Reverse

RESULTS

Of the cats with microscopically detected bronchopneumonia, 9 were female and 12 were male. Seven of these
cases were under six months old (kitten), eight were between seven months and two years old (junior), two were
between three and six years old (prime), three were between six and ten years old (mature), and one of them was
12 years old (senior). It was determined that 10 of the lung samples examined in the study belonged to cats staying
in a shelter, 8 to stray cats brought by municipal authorities or animal lovers, and 3 to owned cats. The agents
amplified by Real-time PCR from the lungs with microscopically detected bronchopneumonia and the distribution
of these according to age and gender are given in Table 2.
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Table 2. Distribution of Bordetella bronchiseptica, Mycoplasma felis, Staphylococcus aureus and Chlamydia
felis in lung tissues with bronchopneumonia by Real-time PCR according to age and gender.

Real-time PCR

result N (21) Male Female Kitten Junior Prime Mature Senior
Bord_etella_l 3 1 5 5 1
bronchiseptica
Mycoplasma felis 2 1 1 2
Staphylococcus 5 4 1 1 5 1 1
aureus
Chlamydia felis 4 2 2 1 2 1
Mycoplasma felis +
Staphylococcus 1 1 1
aureus
Staphylococcus
aureus + 1 1 1
Chlamydia felis
Samples where the
agent could not be 5 2 3 1 5 1 1

determined by
Real-time PCR

Macroscopic and microscopic results

Macroscopic findings of the lungs examined in the study are presented in Table 3. PMNL infiltration in the
bronchi, bronchiole lumens and interstitium of the lung was observed microscopically in 3 of the lungs where
Bordetella bronchiseptica was detected; while in 3 of them, alveolar, and bronchiolar epithelial
desquamation was observed, MCI around the bronchi and bronchioles in 2 cases. Oedama in the alveoli and
multifocal areas of necrosis scattered throughout the lung parenchyma were noted in 2 of these lungs, and pleuritis
was noted in 1 of them (Figure 1-A).

Microscopically, PMNL infiltration in the bronchi and bronchiole lumens was observed in 1 of the lungs where
Chlamydia felis was detected, MCI around the bronchi and bronchiole and in the lung interstitium in 2 cats,
desquamation in the bronchi and bronchiolar epitheliums in 4 cats, and alveolar epithelial desquamation and
oedama in 2 cats. Additionally, findings of interstitial pneumonia were detected in 1 case (Figure 1-B-D).

Microscopically, PMNL infiltration in the bronchi, bronchioles and alveolar lumens was observed in 2 of the
lungs where Mycoplasma felis was detected, and bronchiectasis and desquamation of the bronchi and bronchiole
epithelium were observed in 3 of them. MCI located around the bronchi and bronchioles were noted in 3 of these
lungs. Pleuritis was detected in 3 of the lungs (Figure 1-C).

In the lungs where Staphylococcus aureus was detected, microscopically, it was determined that in 5 of them, the
bronchi, bronchiole and alveoli lumens were filled with exudate, mostly consisting of neutrophil leukocytes, and
there was desquamation in the bronchi, bronchiole and alveoli epithelium. PMNL infiltrates showing abscess
formation scattered throughout the interstitium were noted in 5 cats, and pleuritis in 2 cats (Figure 1-C).

MJAVL Volume 14 (Issue 1) © 2024 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl
https://journals.asm.org/doi/abs/10.1128/CMR.13.1.16
https://journals.asm.org/doi/abs/10.1128/CMR.13.1.16
https://scholar.google.com/scholar?hl=tr&as_sdt=0,5&q=Chlamydia+psittaci
https://journals.asm.org/doi/abs/10.1128/CMR.13.1.16
https://journals.asm.org/doi/abs/10.1128/CMR.13.1.16
https://journals.asm.org/doi/abs/10.1128/CMR.13.1.16
https://journals.asm.org/doi/abs/10.1128/CMR.13.1.16
https://scholar.google.com/scholar?hl=tr&as_sdt=0,5&q=Chlamydia+psittaci

34

Akcakavak et al. / Manas Journal of Agriculture Veterinary and Life Sciences 14 (1) (2024) 30-39

Figure 1. Microscopic view of bronchopneumonia lung tissues, Hematoxylin&Eosin, x200. A. MCI around the bronchi
(arrows), PMNL infiltration in the interstitium (stars) and alveolar ocedama (arrowheads) in a case with Bordetella
bronchiseptica. B. Alveolar oedama (arrows) and MCI (arrowheads) in the interalveolar septum in a case in which
Chlamydia felis was detected. C. Microscopic appearance of pleuritis (arrows) in a case in which Mycoplasma felis and
Staphylococcus aureus were detected. D. Peribronchiolar MCI (arrows) in the sample with Chlamydia felis.

Table 3. Macroscopic findings of lungs with bronchopneumonia.

Real-time PCR result

MACROSCOPIC Bordetella Mycoplasma Staphylococcus Chlamydia
FINDINGS bronchiseptica felis aureus felis
(N=3) (N=3) (N=5) (N=5)

Red, viscous areas in the

lungs 3 3 2 1

The cross-sectional
surface of the lung is 3 3 2 1
swollen and wet.

Foamy content in trachea
and bronchi 3 1 4 4
Fluid in the chest cavity - 2 1 -
MJAVL Volume 14 (Issue 1) © 2024 https://dergipark.org.tr/en/pub/mjavl
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Real-time PCR results

Although bronchopneumonia was detected microscopically in the analyses performed with Real-time PCR,
amplification could not be obtained with the primers used in five lung tissues. In cats where amplification was
determined with primer sequences belonging to more than one agent in Real-time PCR analyses, the agent with
the lowest "Cycle Threshold (CT)" value was accepted as the causative of bronchopneumonia. The detection
status of DNA copies of Bordetella bronchiseptica, Mycoplasma felis, Staphylococcus aureus and Chlamydia
felis by Real-time PCR from paraffin blocks of lungs with bronchopneumonia and their CT values are given in
Table 4.

Table 4. Determination status and CT values of Bordetella bronchiseptica, Mycoplasma felis,
Staphylococcus aureus and Chlamydia felis DNA copies by Real-time PCR.

NO CT VALUES DETERMINED BY REAL TIME PCR
Bordetella

bronchiseptica

1 28

Mycoplasma felis Staphylococcus aureus Chlamydia felis

3 22

4 24

5 28
6 28

8 28

9 28

10 30

11 30
12 28

13 24
14*

15 24 27
16*

17 28
18*

19 28 24
20 22
21 28

TP 3 2+1** 5 4+1%*

* Samples where amplification could not be determined with the primers used in the study, ** In polymicrobial cases, the
agent with a lower CT value was considered as the agent causing bronchopneumonia.

DISCUSSION

Determining the aetiology of respiratory system diseases in cats is one of the important problems encountered in
veterinary clinics (Dear, 2020; Slaviero et al., 2021; Tural and Tuzcu, 2023). In this study, agents such as
Bordetella bronchiseptica, Mycoplasma felis, Staphylococcus aureus and Chlamydia felis from paraffin blocks of
cat lungs with bronchopneumonia were determined by Real-time PCR and their pathological findings were
compared.
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Identification of the causative agent is necessary to determine the aetiology of bacterial pneumonia in cats.
However, usually, the success of identification decreases due to factors such as taking samples for bacteriological
examinations, contamination during transport to the laboratory, and empirical antibiotic use (Garcia et al., 2015;
Murray, 2015; Bonnet et al., 2020). In these cases, methods based on amplification of the genomic DNA of the
agent appear to be an important option in determining the appropriate treatment. Real-time PCR has become an
important diagnostic method in the field of veterinary medicine in recent years due to its rapid results, ability to
detect microorganisms such as Mycoplasma and Chlamydia that are difficult to detect with conventional methods,
and its high sensitivity (Hyeran et al., 2006; Pantchev et al., 2010; Sibitz et al., 2011; Tuzcu et al., 2021; Tuzcu et
al., 2022; Akcakavak et al., 2023; Tuzcu et al., 2023).

There are reports that outline that bronchopneumonia in cats can occur at any age and that there is no preference
of breed or gender (Tural and Tuzcu, 2023). Slaviero et al. (2021) in their study evaluating 1749 cat necropsies
found that the cause of death was pneumonia in 78 of the cats. Of these cats, 14 were kittens (17.9%), 19 juniors
(24.4%), 13 primes (16.7%), 14 matures (17.9%), 8 seniors (10.3%) and 5 geriatric (6.4%). They also reported
the absence of age information in five cases (6.4%). In the current study, 7 of the cats with bronchopneumonia
were younger than 6 months old (kitten) (33.3%), 8 were between 7 and 24 months old (junior) (38.09%), 2 were
between 3 and 6 years old (prime) (9.52%), 3 were determined to be samples of cats between the ages of 6 and
10 (mature) (14.28%), and 1 of them was determined to be from a 12-year-old cat (senior) (21%). These results
are compatible with the literature.

In retrospective studies aimed at determining the cause of death in cats, the mortality rate due to pneumonia has
been reported to be between 1% and 6.5% (Egenvall et al., 2009; Togni et al., 2018; Slaviero et al., 2021). In this
study, bronchopneumonia was detected in 21 of 78 cats necropsied. The determined bronchopneumonia rate is
high compared to the literature. This may be related to the fact that the majority (18/21) of the cats included in the
study were stray and shelter cats. Additionally, this study found that the rate of bronchopneumonia in male cats
(12/9) was higher than in females. This is consistent with the findings of Foster et al. (2004) study, in which they
reported that the prevalence of pneumonia in male cats was 2.4 times higher than in females.

In the current study, macroscopic findings recorded in cats with microscopically diagnosed bronchopneumonia
were as follows: red, sunken, viscous areas in the lungs, the cross-sectional surface of the lungs appearing flooded
and moist, a foamy content in the trachea and bronchi, and the presence of fluid in the chest cavity. These
macroscopic findings were signs of bronchopneumonia, not specific to the agent.

Lappin et al. (2017), in their study on respiratory system diseases of cats, reported that the bacterial agents
determined by PCR were Mycoplasma species (62.5%), Bordetella species (47.5%), Staphylococcus species
(12.5%) and Streptococcus species (10%). Dear (2020), in a study examining pneumonia seen in cats and dogs,
reported, based on literature data (Foster et al., 2004; Radhakrishnan et al., 2007; Proulx et al., 2014), that 22-
71% of pneumonia in cats was caused by Bordetella bronchiseptica, 2-25% by Klebsiella pneumoniae, 30-70%
by Mycoplasma spp. and 6-21% by Streptococcus spp. In this study, the data obtained by Real-time PCR are 3/21
(14.29%) for Bordetella bronchiseptica, 5/21 (23.8%) for Staphylococcus aureus, 3/21 (14.29%) for Mycoplasma
felis, and 5/21 (23.8%) for Chlamydia felis. It has been determined that the rates found are compatible with
literature data. In addition, in this study, polymicrobial infections were detected in 2 (9.5%) of the adult cats with
respiratory tract infections, as reported in previous (Dear, 2014).

In this study, Staphylococcus aureus genomic DNA was detected by Real-time PCR in 7 of the cats examined.
Researchers have reported that Staphylococcus spp. causes lung abscess, suppurative bronchopneumonia and
pyothorax (Maxie, 2015; Reinero and Lee-Fowler, 2021; Sim et al., 2021). It has been reported that
microscopically, neutrophil leukocyte infiltrations and desquamated epithelial cells in the alveoli, bronchi and
bronchiolar lumens, as well as hyperemia and oedama, in cats with Staphylococcus spp. detected. It has also been
reported that small abscesses are formed in the lung, most of which are surrounded by a fibrous capsule (Ciftci et
al., 2021; Sim et al., 2021; Slaviero et al., 2021; Chauhan et al., 2024). In this study, the fact that suppurative
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pneumonia was detected in 5 of the cats in which Staphylococcus aureus was detected by Real-time PCR is
consistent with the literature.

Present study, genomic DNA belonging to Bordetella bronchiseptica was amplified in 3 of the lung samples
examined by Real-Time PCR. In this study, bacteria could not be detected microscopically in cilia. The fact that
genomic DNAs belonging to Bordetella bronchiseptica were amplified by Real-Time PCR in these cases reveals
that the diagnosis should be confirmed by PCR.

There are studies associating tracheobronchitis and pneumonia with B. bronchiseptica in cats (Bemis, 1992; Binns
et al., 1999; Foster et al., 2004). B. bronchiseptica can cause fatal bronchopneumonia in kittens and,
microscopically, neutrophils are detected in the bronchi lumen (Songer and Post, 2004; Maxie, 2015; Chauhan et
al., 2024). B. bronchicepta causes catarrhal tracheitis and bronchitis, as well as catarrhal-purulent
bronchopneumonia (Ettinger and Feldman, 2010). In this study, findings such as PMNL infiltration in the
bronchus and bronchiolar lumens and interstitium of the lung, desquamation in the bronchi, bronchiolar and
alveolar epithelium, and oedama in the alveoli, determined microscopically in the lung tissues where Bordetella
bronchiseptica was detected, were found to be compatible with the literature.

Although it has not been precisely determined whether Mycoplasma spp. are the primary pathogen or an
opportunistic pathogen in cats, there are reports that M. felis is the causative agent of fibrinous pneumonia in cats
(Songer and Post, 2004; Ciftci et al., 2021; Shil et al., 2022). There are reports that serous exudate, neutrophil
leukocyte infiltration and desquamated alveolar epithelium are microscopically detected in the alveolar lumens in
Mycoplasma pneumonia and that an exudate consisting of abundant neutrophil leukocytes, desquamated
epithelium and mucus is found in the bronchi and bronchiolar lumens (Ettinger and Feldman, 2010; Swennes and
Fox, 2014; Reinero and Lee-Fowler, 2021; Chauhan et al., 2024). In this study, the microscopic findings
determined in the lungs in which M. felis was amplified by Real-time PCR were similar.

Chlamydia felis is endemic among domestic cats worldwide and is known to cause conjunctivitis, rhinitis and
pneumonia (Browning, 2004; Songer and Post, 2004; Wasissa et al., 2021). It causes serous, catarrhal, and
sometimes purulent inflammation in the upper respiratory tract, conjunctivitis, and interstitial pneumonia, which
is its most important lesion (Kartashov et al., 2019; Schmal-Filius et al., 2020; Ciftci et al., 2021; Wasissa et al.,
2021). In this study, interstitial pneumonia was detected in 1 of the cases in which Chlamydia felis was detected,
a finding which was similar to the literature.

CONCLUSION

As a result, in this study, Bordetella bronchiseptica, Staphylococcus aureus, Mycoplasma felis and Chlamydia
felis agents were detected at rates of 14.29%, 23.8%, 14.29% and 23.8%, respectively, by Real-time PCR. Our
results show that relevant agents can often be isolated in cases of feline bronchopneumonia, demonstrating the
importance of polymicrobial agents in cases of feline bronchopneumonia and indicating that more than one
bacterial species should be investigated.
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INTRODUCTION

Maedi-Visha (MV) is a lifelong and incurable viral infection with an extended incubation period in sheep.
Also referred to as progressive pneumonia of sheep, this disease poses a significant challenge to sheep
farming globally (Boer et al., 1979).

MV is a lifelong and incurable viral infection with an extended incubation period in sheep. Also referred to
sometimes as progressive pneumonia of sheep and this disease represents a significant challenge to sheep
farming globally (Boer et al., 1979). The causative agent is classified within the Lentivirus genus of the
Orthoretrovirinae subfamily, belonging to the Retroviridae family (ICTV, 2023). Owing to its genetic
similarity with Caprine arthritis encephalitis virus, found in the same family, these two viruses are
collectively referred to as lentivirus infections of small ruminates (Blacklaws,2012). According to
phylogenetic analysis, small ruminant lentiviruses are categorized into five genotypes. Maedi-Visna virus
(MVV) is classified under genotype A (Glaria et al., 2012). The virus primarily targets the immune system
by infecting monocytes and macrophages. Due to the generally slow viral replication, the disease exhibits a
slowly progressive course, and clinical symptoms are nonspecific in the early stages. The primary mode of
transmission is horizontal, occurring through colostrum and aerosol from the infected mother
(Dawson,1980). Additionally, there is ongoing evaluation regarding the potential transplacental transmission
of the virus, although this mechanism has not been fully elucidated. (Broughton-Neiswanger et al., 2010).
The organs predominantly affected by MVV include the lungs, mammary glands, nervous system tissues and
joints. The Maedi form of the disease is linked to respiratory symptoms, while the Visna form is associated
with central nervous system manifestations (Minguijon et al., 2015; Gomez-Lucia et al., 2018). The maedi
form exhibits the most prevalent clinical manifestations of the infection. Initial symptoms include a decline
in body condition, with affected animals trailing behind the herd. In the advanced stage, dyspnea is
characterized by an elevated respiratory rate and the presence of lymphocytic interstitial pneumonia becomes
evident (Christodoulopoulos,2006; Lopez and Martinson,2017). MVV can induce indurative, non-
suppurative interstitial mastitis in the mammary gland. The virus replication in macrophages and mammary
gland epithelial cells leads to a substantial reduction in milk production (Minguijon et al., 2015). The Visna
form of the disease is less common than the maedi form. Clinical signs observed in Visna include weight
loss, impaired coordination, weakness in the hind limbs and eventual paralysis (Christodoulopoulos,2006).
The diagnosis of infection relies on either directly detecting the presence of the virus or identifying
antibodies specific to the agent (Kaba et al., 2013). At present, there is no effective treatment option against
MVV infection. Despite numerous vaccine studies, including live attenuated, recombinant, and DNA
vaccines, no success has been achieved in preventing the disease (Cheevers et al., 1994; Pétursson et al.,
2005; Gonzalez et al., 2005; Torsteinsdottir et al., 2007).

The objective of this study was to assess the prevalence of Maedi-Visna infection in sheep across the
provinces of Samsun, Sinop, Ordu, Giresun, Amasya, and Tokat in the Central Black Sea Region, aiming to
determine the current status of the infection in the region.

MATERIAL AND METHOD

Sampling

Our study utilized 476 sheep serum samples that came from Samsun, Sinop, Ordu, Giresun, Amasya, and
Tokat provinces located in the Central Black Sea Region of Tirkiye (Figure.1l). Blood Samples were
collected from various areas in a consistent manner between January 2018 and December 2020 from
clinically healthy sheep flocks aged between 1-2 years. General clinical findings were examined to ensure
the health status of the animals, and the appropriate number of animals for the study were determined
randomly. Serum samples were heat-inactivated at 56° C for 30 minutes and stored at -20 °C until testing by
Enzyme-Linked Immuno Sorbent Assay (ELISA) method.
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Figure 1. Map showing the study area where serum samples were collected.

ELISA Assay

For the detection of MVV specific antibodies, a commercially available indirect ELISA test kit, "ID.vet ID
Screen MVV/ CAEV Indirect Screening test (Grabels-France)" was used. After performing the test
according to the manufacturer's instructions, the plates were read at 450 nm and OD values were calculated.
The specificity of the kit is 99.6% in sheep and 99.2% in goats, while its sensitivity is 98.9% in sheep and
98.6% in goats (Nowicka et al., 2014).

According to the kits manual, samples were evaluated as follows:

ODsample—0Dnc

S/P%= ODpc—0Dnc

x100 (S/P%: sample/positive percentage, ODsample: optic density of the sample,

ODnc: optic density of negative control, ODpc: optic density of positive control).
e Samples presenting an S/P ratio equal to or below 50% were considered negative.
e Samples presenting an S/P ratio between 50% and 60% were considered doubtful.
e Samples presenting an S/P ratio equal to or above 60% were considered positive.
e The results were considered valid when the OD of the positive control was greater than 0.350, and

the mean value of the positive and negative controls was more than 3.

RESULTS

From 476 serum samples that were tested, 263 serum samples were evaluated as positive for MVV antibody.
Whereas the overall seropositivity rate was 55.25%, the seropositivity rates per province were as follows:
Samsun 36/80 (45%), Sinop 64/80 (80%), Ordu 47/80 (58.75%), Giresun 28/80 (35%), Amasya 31/80
(38.75%), Tokat 57/76 (75%) (Table.1).

Table 1. Seropositivity distribution by provinces

Province Serum sample  Positive serum Seropositivity(%)
Samsun 80 36 %45
Sinop 80 64 %80
Ordu 80 47 %58.75
Giresun 80 28 %35
Amasya 80 31 %38.75
Tokat 76 57 %75
Total 476 263 %55.25
MJAVL Volume 14 (Issue 1) © 2024 https://dergipark.org.tr/en/pub/mjavl

Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

43

Kurucay et al. / Manas Journal of Agriculture Veterinary and Life Sciences 14 (1) (2024) 40-47
DISCUSSION

MVV infection represents a persistent lentivirus infection in sheep (Peterhans et al., 2004). Initially
perceived as distinct diseases, it was later recognized that Maedi and Visna represent different clinical
courses of the same underlying disease (Sigurdsson et al., 1952; Dawson,1980). The disease initially was
reported in Iceland in 1939, and various research efforts have been ongoing since the 1940s (Schaller et al.,
2000; Straub, 2004; Reina et al., 2009; Zhang et al., 2013). Presently, Maedi-Visna infection is widespread
worldwide, with the exception of Australia and New Zealand. Recognizing its substantial economic impact
on livestock, the disease is listed among the notifiable terrestrial and aquatic animal diseases by the World
Organization for Animal Health (WOAH, 2018).

MVV infection is prevalent in Turkey and worldwide, prompting numerous studies on its seroprevalence in
recent years. The first investigation into the virus's presence in Turkey was conducted by Alibasoglu et al.
(1975), focusing on pathological findings for virus detection. Subsequently, many studies have been
undertaken to detect the virus using serological and virological methods (Girgin et al., 1987; Karaoglu et al.,
2003; Cimtay et al., 2004; Arslan et al., 2012; Giircay et al., 2013).

The virus was first isolated by Tan and Alkan (2002), and molecular characterization was subsequently
conducted by Muz et al. (2013). Numerous epidemiological studies have been conducted in between them
and after, revealing diverse seropositivity rates in different regions of Turkey. A study conducted on 198
sheep sera from Erzurum province, 1.5% seropositivity was detected (Schreuder et al., 1988). Burgu et al.
(1990), found a higher seropositivity rate of 23.9% among 1099 blood serum samples collected from sheep
farms across all of Turkey. Similarly, study conducted on 465 sheep serum samples in Van province,
reported just a 6.45% seropositivity rate (Akkan et al., 2009). In Istanbul province, a study conducted with
542 serum samples revealed a seroprevalence rate of 15.3% (Preziuso et al., 2010), while Azkur et al. (2011)
reported a seroprevalence of 19.4% in Kirikkale. Yavru et al. (2012) detected a seropositivity rate of 2.90%
in 1343 serum samples from enterprises in the Konya province. Albayrak et al. (2012) conducted a study in
the Black Sea region, revealing a serosensitivity rate of 23.5% in 583 serum samples. Another similar study
conducted in Afyonkarahisar reported a lower seroprevalence of around 5.7% (17/294) (Arik et al., 2015).
Un et al. (2018) determined a seroprevalence of 5.29% among 1096 sheep sera from different farms in
Sanlurfa province. Finally, in a study conducted most recently in Kars province in 2021, a 16% (32/200)
seropositivity rate was revealed (Gezer et al., 2021).

This study investigated the seroepidemiology of MVV infection across six provinces in the Central Black
Sea Region: Samsun, Sinop, Ordu, Giresun, Amasya, and Tokat. Our study showed 55.25% overall
seroprevalence for MMV infection in this region, with Sinop exhibiting the highest seroprevalence at 80%
and Giresun the lowest at 35%. Our findings indicate a notably higher seroprevalence of MVV infection in
the Black Sea Region compared to previous studies conducted in Turkey. Moreover, this rate emphasizes a
significant increase compared to the previous study by Albayrak et al. (2012) within the same region. This
increase could be attributed to changes in animal populations over time and the introduction of new animals
into the herds, especially from abroad.

MVYV infection follows a persistent course and lacks an effective treatment, posing significant challenges for
disease control. The virus establishes a permanent infection by integrating into the host genome, akin to
other lentiviruses, and can mutate to evade neutralizing antibodies, making the efforts to control the disease
more complicated. With no effective vaccine currently available, the emphasis lies on implementing robust
control programmes to prevent the spread of the disease. In this context, we advocate for prioritizing
prevention strategies to thwart disease introduction into herds. This necessitates sourcing animals from
MVV-free herds as a primary measure to mitigate disease transmission.

Early diagnosis plays a pivotal role in controlling persistent infections, underscoring the importance of
regular screening tests in large-scale enterprises and small family-run operations. So, prior to introducing
new animals into the herd, rigorous testing for infection and subsequent quarantine until test results are
obtained are imperative measures. Upon detection of infection, fast identification and elimination of the
source should be the primary objective. In this regard, it is recommended to identify and segregate
seropositive animals from the herd, and separate offspring born from infected mothers, raising them alone
with the possibility of providing heat-treated colostrum feeding, because it is considered as the most
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important transmission route of infection (Blacklaws et al., 2004). Moreover, selecting a breeding system
appropriate for herd size is crucial, particularly in densely populated herds; also, for the control of horizontal
transmission, semi-intensive or extensive feeding according to herd density instead of intensive feeding is an
essential control measurement.

Based on the evidence that MVV can be transmitted via infected ram semen (Preziuso et al.,2003;
Kalogianni et al.,2020), careful selection of breeding rams from infection-free herds is paramount to prevent
transmission. Recent studies have shed light on resistant and susceptible genes associated with small
ruminant lentiviruses, suggesting the possibility of the presence of some genes that may be resistant to this
disease (Yaman et al., 2019; Riggio et al.,2023; Heaton et al.,2013; White and Knowles,2013). By leveraging
the findings of these studies that highlighted the potential for genetic resistance against the disease, it may be
feasible to to breed genetically resistant breeds, offering enhanced protection against MVV infection.

CONCLUSIONS

In conclusion, our study revealed the current status of MVV infection, which causes significant yield losses
in small ruminants in the Black Sea Region. The data we obtained showed that the seroprevalence of the
infection has increased and effective control methods should be taken to prevent the disease.
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ABSTRACT

Honey is a sweet and versatile substance produced by the complex interactions between bees and
flowers. Honey is not only a nutrient, but also a bee product with antibacterial properties.
Kyrgyzstan's geographical location, including the Tien Shan and Altai mountains, has made it one of
the most important beekeeping regions in Central Asia. The rich flora and natural environment of
these regions give Kyrgyz honey unique properties. The aim of this study is the determination of the
antibacterial activity of honey samples on sale in the Chuy region of Kyrgyzstan. In this context, the
antimicrobial effects of different honeys against Staphylococcus aureus and Escherichia coli were
investigated using the agar-well diffusion and disc diffusion methods, with the aim of comparing the
effectiveness of these methods. This study, conducted on white honey, buckwheat honey and three
different multifloral honeys, provides important information for understanding the microbial effects
of honey. Although the zones formed were more clearly visible when analysed using the agar-well
diffusion method, it was found to be more sensitive than the disc diffusion method. As a result, it has
been observed that different types of honey have different antimicrobial effects.

Keywords: Antimicrobial effect, Bee, Honey, Kyrgyz honeys
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OZET

Bal, arilar ve cicekler arasindaki kompleks etkilesimler sonucunda {iretilen tatli ve ¢ok yonlii bir
maddedir. Bal sadece bir besin maddesi degil, ayn1 zamanda antibakteriyel 6zelliklere sahip bir ar1
iriiniidiir. Kirgizistan'n cografi konumu, Tien Shan ve Altay Daglari'n1 icermesi nedeniyle, Orta
Asya'nin 6nemli aricilik bolgelerinden biri olmasini saglamistir. Bu bolgelerin zengin florasi ve dogal
ortami, Kirgizistan balinin benzersiz &zellikler kazanmasina yardimci olmaktadir. Bu galismanin
amaci, Kirgizistan'in Chuy bolgesinde satilan bal Orneklerinin antibakteriyel aktivitesini
belirlemektir. Bu kapsamda Staphylococcus aureus ve Escherichia coli’ye karsi gesitli ballarin
antimikrobiyal etkileri agar-well difiizyon ve disk diifizyon yontemleri kullanilarak aragtirilmis ve bu
yontemlerin etkinliginin karsilastirilmas1 amaglanmistir. Beyaz bal, Karabugday bali ve ii¢ farkli
multifloral bal kullanilarak gergeklestirilen bu ¢aligma, balin mikrobiyal etkilerini anlamak adina
onemli bilgiler sunmaktadir. Agar-well difizyon yontemi kullanilarak yapilan analizlerde olusan
zonlar daha net goriinlirken, bu yontem disk diflizyon yontemine gore daha duyarli oldugu
belirlenmistir. Sonug¢ olarak, farkli tiir ballarda farkli antimikrobiyal etkilere sahip oldugu
gdzlemlenmistir.
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INTRODUCTION

Honey, a sweet and viscous substance, is mainly produced by honeybees (Apis mellifera) (Hossain et al.,
2022). Honey is a food product known and appreciated throughout the world. Flower origin, colour, aroma
and taste are important factors in determining the quality of honey (Piana et al.,2023). In addition to being an
important animal product, honey has become an important antimicrobial food because it has antibacterial
properties and does not cause microbial resistance (Acaroz et al.,2024; Asma et al.,2022; iplik¢ioglu-Cil et
al., 2020). There is great interest in destroying foodborne pathogens or preventing their multiplication in
food (Cakmak et al.,2023; Iplik¢ioglu-Cil et al.,2020; Schell et al.,2022). It strongly suggests that the
antimicrobial components of honey have the potential to inhibit the proliferation and spread of pathogenic
micro-organisms (istanbullugil et al.,2023). There have been many studies of the antibacterial effects of
honey on bacteria associated with wound healing (Balazs et al.,2023; Israili,2014; Skadins et al., 2023;
Yupanqui Mieles et al.,2022). Recently there has been a growing demand for monofloral honeys with unique
properties (Tananaki et al.,2021). Most of the honeys produced in Kyrgyzstan are polyfloral honeys, and it is
difficult to produce monofloral honeys. For this reason, Kyrgyz honeys are often named after the places
where they are produced; they are distinguished by the names of mountainous regions, for example,
Toktogul, Sary-Chelek, Kara-Soro, At-Bashy (Mazhitova and Smanalieva,2022). Honey is produced in many
regions of Kyrgyzstan (Kadyrova and Smanalieva,2017; isenbaeva et al.,2021a). Buckwheat honey is a
monofloral type of honey obtained from the buckwheat plant grown in Kyrgyzstan. Buckwheat honey is
usually dark in colour and has a characteristic flavour and pleasant aroma. Buckwheat honey is believed to
have many health benefits and is often consumed as a source of natural healing (Sabdanova et al.,2020).
White honey is the honey obtained from the pollen of the sainfoin plant (Onobrychis sp.). Because it does
not cause allergies, this honey is in demand on the international market (Isenbaeva et al.,2021b). In this
study, the in vitro antibacterial activity of honey produced in Kyrgyzstan was investigated against important
food-borne pathogens such as Escherichia coli and Staphylococcus aureus. For this purpose, two common
methods such as agar-well diffusion and disc diffusion were selected and the effectiveness of these methods
in the detection of antibacterial activity was compared.

MATERIAL AND METHODS

This research was carried out in the laboratories of the Department of Food Hygiene and Technology,
Faculty of Veterinary Medicine, Kyrgyz-Turkish Manas University.

Honey samples: This study was carried out on 15 freshly harvested, unpasteurized, unprocessed and natural
honey samples from local beekeepers operating in Kyrgyzstan. For this purpose, white honey and buckwheat
honey were collected from monofloral honeys and Toktogul, Sary-Chelek and At-Bashy honey were
collected from polyfloral honeys. Each sample was collected from 3 different beekeepers. The samples were
placed in sterile containers and stored at room temperature in the dark until testing.

Bacterial strains: Staphylococcus aureus (ATCC 29213), one of the Gram-positive bacteria, and
Escherichia coli (ATCC 25922), one of the Gram-negative bacteria, which are among the most important
food-borne pathogens, were used. Bacterial cultures were incubated in Tryptic Soy Broth medium for 24
hours at 37°C and then adjusted to 0.5 McFarland turbidity (1x10® cfu/mL). 0,1 mL of the adjusted cultures
were taken and transferred to Mueller Hinton Agar medium and spread with a sterile drigalski loop.

Disc diffusion method: The collected honey samples were weighed as 0.5 g and dissolved thoroughly by
mixing with 1 ml of sterile distilled water. Samples (500 mL™ dilution) were prepared in this way. Pre-
prepared E. coli (ATCC 25922) and S. aureus (ATCC 29213) were inoculated with a sterile drigalski loop on
Mueller-Hinton agar using the drop plate method, adjusted to 0.5 McFarland. Subsequently, 40 pL of the
prepared honey sample was transferred to 6 mm diameter blank paper discs (Oxoid, England). All discs were
then placed in sheets and gently pressed to ensure full contact. Sterile blank discs and discs saturated with
methylene blue were used as controls. Plates were incubated for 24 hours at 37°C and the resulting zones
were measured. (Patton et al.,2006).

Agar-Well diffusion method: 0,5 McFarland adjustments of each test pathogen were inoculated onto
Mueller-Hinton agar using the drop plate method (Suerdem et al.,2018). Wells of 8 mm diameter were
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drilled on the surface of the agar and 180 microlitres of each sample was added. Plates were incubated at 37
°C for 24 hours. The inhibition zones were measured after incubation.

Statistical analysis: The SPSS statistical analysis program (IBM SPSS, Statistics 20) was used to determine
the minimum, maximum, mean and standard error using descriptive statistics.

RESULTS AND DISCUSSION

The antimicrobial activity of 15 honey samples from the Chuy region of Kyrgyzstan was analysed. The
antimicrobial zones of honey by disc diffusion method are shown in Table 1. When the zones in the honeys
analyzed by disc diffusion method were measured, it was found that Sary-Chelek, Buckwheat honey,
Toktogul and At Bashy honey showed similar antimicrobial effects against S. aureus, while white honey
showed the least effect. It was found that honeys analyzed by disc diffusion method showed different zones
against E.coli. Buckwheat honey creates a zone of 9.00+ 0.58 mm, Sary-Chelek honey creates a zone of
8.00+ 0.58 mm, Toktogul honey creates a zone of 6.00+ 0.58 mm, and the least effect is found in At Bashy
honey with 4.33+ 0.33 mm. Yalazi and Zorba (2020) reported that the secretion honey they collected in the
Kaz Mountains region had an antimicrobial effect on S. aureus and E. coli but no effect on Bacillus cereus,
Candida albicans and Saccharomyces cerevisiae. Iplikcioglu-Cil et al., (2020) reported that honey collected
from different regions of Turkey had antibacterial activity against E. coli, Listeria monocytogenes,
Salmonella Typhimurium and S. aureus. These findings support our research. Ramos et al., (2018) the
antibacterial activity of 24 honey samples collected in Argentina was evaluated against microorganisms
isolated from contaminated food. The researchers observed antimicrobial effects for most strains of E. coli,
Salmonella spp, S. aureus, Pseudomonas aeruginosa and Bacillus cereus at 1:2 dilutions. In the same study,
they reported that some honeys had no antibacterial effect at a dilution of 1:4. Cakir and Dervisoglu (2022)
prepared different concentrations (500, 250 and 125 mg mL™) of honey collected from four different districts
of Bingdl province and their antimicrobial effects were investigated using the disc diffusion method.
Researchers have reported that honey has antibacterial activity against S. aureus but not against L.
monocytogenes. They also noted that only honey samples from Geng and Yedisu districts showed
antibacterial activity against E. coli at a concentration of 500 mg mL-1, while other concentrations did not
show antimicrobial effects. In our study, we observed antimicrobial activity against S. aureus in all honey
samples. However, one sample from the white honey variety analysed by disc diffusion method did not show
antimicrobial activity against E. coli, while antimicrobial effects were observed in other samples. The
antibacterial activity of honey is significantly influenced by the geographical location and the botanical
diversity from which the honey is obtained. Engin et al., (2022) their research found that the antimicrobial
activity of monofloral honey was highest in sunflower honey. They noted that the highest inhibitory effect of
monofloral honey was against S. typhimurium and that the antimicrobial effect of heat-treated honey stored
in areas exposed to light decreased over time. Isenbaeva et al., (2021b) reported antibacterial activity against
E. coli, S. aureus and Shigella flexneri in white honey collected in Kyrgyzstan.

Table 1. The antimicrobial zones of honey by disc diffusion method

S.aureus Inhibition Zones (mm) E.coli Inhibition Zones (mm)
Type min max Mean+ SE min max  Mean+ SE
Buckwheat honey 7.00 10.00 8.67+0.88 8.00 10.00 9.00+0.58
White honey 0.00 7.00 2.33+2.33 0.00 500 3.00+1.53
Toktogul 7.00 10.00 8.33+0.88 5.00 7.00 6.00+0.58
At-Bashy 8.00 10.00  9.00+0.58 4.00 500 4.33+£0.33
Sary-Chelek 7.00 9.00 8.00+ 0.58 7.00 9.00 8.00+0.58

The antimicrobial effects of honey using the agar well diffusion method is shown in Table 2. When the table
was examined, it was found that buckwheat honey had the best effect against S.aureus with 18.00+0.58 mm
and white honey had the least effect with 11.00+0.58 mm. Using the agar-well diffusion method, it was
found that buckwheat honey, Sary Chelek and Toktogul honey had high antimicrobial effects against E.coli,
while white honey and At-Bashy honey had the least effect.
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Table 2. The antimicrobial zones of honey by Agar-Well diffusion method

S.aureus Inhibition Zones (mm)

E.coli Inhibition Zones (mm)

Type min  max Mean+ SE min max Mean+ SE
Buckwheat honey 17.00 19.00  18.00+0.58 12.00 15.00 13.67+0.88
White honey 10.00 12.00 11.00+0.58 8.00 10.00  9.00+0.58

Toktogul 15.00 17.00 16.00+0.58 10.00 14.00 12.33+1.20
At-Bashy 14.00 16.00  15.00+0.58 10.00 11.00 10.33+0.33
Sary-Chelek 9.00 14.00 12.00+1.53 11.00 16.00  13.33+1.45

The antimicrobial effects of honeys against S. aureus were demonstrated using the disc diffusion and agar-
well methods in Figure 1, while their antimicrobial effects against E. coli were shown in Figure 2. By
examining both graphs, it can be observed that the honeys exhibited distinct antimicrobial effects against the
selected food pathogens. This finding supports the results obtained by other researchers (Cakir and
Dervisoglu, 2022; Hulea et al.,2022; iplik¢ioglu-Cil et al.,2020; Yalazi and Zorba,2020).
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Figure 1. Antimicrobial activity of honey against S. aureus by disc diffusion and agar-well method
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Figure 2. Antimicrobial activity of honey against E. coli by disc diffusion and agar-well method
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CONCLUSION

Studies show that honeys from different geographical areas have significant and variable antibacterial
activity against Gram-negative and Gram-positive bacteria. In the research, it was observed that both
methods had antimicrobial activity against E. coli and S. aureus, which are food pathogens of choice. As a
result of the analysis, the least amount of protection against pathogens was recorded in white honey samples.
It is thought that this is due to the pollen collected by the bees during the production of white honey, which is
a monofloral honey, and the components of the sainfoin plant (Onobrychis sp.).

Buckwheat honey showed high antimicrobial activity against both E. coli and S. aureus, as evidenced by the
zones measured by both methods. This is thought to be due to the high antimicrobial activity of the
constituents found in buckwheat plants. It has been concluded that the polyfloral honeys Sary-Chelek,
Toktogul and At Bashy create different zones against E. coli and S. aureus due to the differing flora of the
region where these honeys are collected. It can be seen that the zones formed in the disc diffusion and agar-
well diffusion analyses are best obtained by the agar-well method. As a result, it is necessary to carry out
research that will show the effects of honey made from the natural vegetation of Kyrgyzstan on other food-
borne pathogens. The literature review revealed a limited number of scientific studies on bees and bee
products in Kyrgyzstan. There is a need for further research in these areas.
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Niger State, Nigeria. Primary data were used. A multi-stage sampling technique was used to select a 24.08.2023
total sample size of 292 rice farmers which comprised of 155 value chain development program Accepted:
beneficiaries and 137 non- beneficiaries. Data were analyzed using descriptive statistics, gross margin 26.12.2023
analysis, multiple regression analysis, difference-in-difference method (DD), propensity score

matching (PSM), principal component analysis, F-Chow test, and t-test. The gross margin ratio for

VCDP beneficiaries and non-beneficiaries was 88% and 71%. Rice production was profitable. The

result of the difference-in-difference regression analysis showed that treatment (P< 0.10), period (P<

0.01), interaction (P< 0.10), level of educational (P< 0.10), and farm experience (P< 0.10), were

statistically significant variables influencing the net farm income of rice farmers in the study area. The

results of PSM show that the coefficient of Average Treatment Effect for all matching algorithms for

net farm income of rice farmers such as nearest neighbor, radius, kernel, and stratification were

significant at (P< 0.01). The F-Chow test conducted for difference between NFI of participant and non-

participant of VCDP was statistical significant. This shows that VCDP impacted positively on NFI of

rice farmers. The study recommends that low-interest loans should be made available to rice farmers

to increase income.
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INTRODUCTION

Rice is a rich and cheap source of carbohydrate to both human and animals, the demand for rice has increased
over the last 4 decades and 80 percent of Nigerians consume rice and has become not only a diet but major
source of calories for the urban poor (Ojogho and Alufohai, 2010). Rice serves as a major staple crop that
cushions the effect of under-nutrition and severe hunger in Nigeria and many other developing countries of the
world (Nwalieji, Madukwe, Agwu and Umerah, 2014). The demand for local rice is increasing by day as
people are becoming more enlightened and informed about the nourishment. As a result of the population
growth and the Federal Government Policy ban on rice importation, the Nigerian rice sector has witnessed a
remarkable improvement both in terms of production, processing, and consumption. Nigerian not only being
one of the largest producers is also the leading consumer of the rice in Africa and simultaneously one of the
largest rice importers in the world mostly from Thailand (Emodi, and Madukwe, 2012). Rice consumption in
Nigeria has been increasing over time and high percentage of the increase is supplied by imports. Between
2012 and 2015, the country imported 2.41 billion USD worth of rice in order to meet expanding consumption.
The VCDP programme is a developmental initiative of FGN and IFAD with the aim to utilize private
investment in the agricultural sector in order to increase efficiency and alleviate poverty (IFAD, 2017). The
International Fund for Agricultural Development (IFAD) was established to finance agricultural development
projects primarily for food production in the developing countries with focus on alleviating poverty of the rural
dwellers through investment in agricultural activities, as agriculture is seen in the developing countries as a
sector with viable potentials to move the rural poor out of poverty and with the capacity to feed the world
(World Bank ,2011a).The IFAD intervention in Nigeria is focused on VCDP because of the challenges faced
by smallholder farmers such as low productivity, poor access to market, poor processing technology, lack of
adequate information, high costs of farm inputs, inadequate credit system, the vicious cycle of poverty and the
recent challenge which has seemed formidable; climate change (World Bank, 2011b). The partnership between
the IFAD and the Federal Government of Nigeria is focused on cassava and rice smallholder farmers. The six-
year programme is aimed at improving cassava and rice value chains in six states in Nigeria. The IFAD/FGN
adopted the value chain approach to enhance productivity, promote agro-processing, access to markets and
opportunities to facilitate improved engagement of the private sector and farmers’ organizations. Over 80%
of the total farming population in Nigeria are smallholder farmers cultivating less than 5 hectares in the rural
areas producing about 95% of the total output, yet poverty still remains a rural phenomenon with two-third of
the total population considered poor (Bamidele, Olayide and Onigbide,2019). The value chain describes the
full range of activities that firms and workers do to bring a product from its conception to its end use and
beyond (WBCSD, 2011). The Nigerian Government has sought ways to improve productive capacity in rice
production in order to become a net exporter in the future. With this in mind, the Federal Government of
Nigeria and IFAD established the VCDP in 2015. The goal of the 6-year program is to improve cassava and
rice value chains for small farmers in the states of Anambra, Benue, Niger, Niger, Ogun and Taraba in Nigeria.
In doing this, the programme hopes to reduce rural poverty, increase food security and accelerate economic
growth on a sustainable basis (VCDP, 2015). The programme utilizes a market-led approach that hinges on
private sector participation to leverage investment and knowledge to drive improved productivity in rice and
cassava cultivation, while continuing to promote commercially oriented smallholder farming practices.

Obijectives of the Study

The broad objective analyzed economic impact of VCDP on NFI of rice farmers’ in Niger State, Nigeria. The
specific objectives were to:(i) determine the socio-economic profiles of rice farmers’ participants and non-
participants of VCDP,(ii) analyze the NFT of rice farmers’ participants and non-participants of VCDP,

(iii) evaluate the impacts of VCDP on NFI of rice farmers’ participants and non- participants,(iv) evaluate the
factors influencing NFI of rice farmers’ participants and non-participants of VCDP, and (v) determine the
constraints faced by rice farmers’ participants and non-participants of VCDP

MATERIALS AND METHODS

This study was carried out in Niger State, Nigeria. It lies between Latitudes 80° to 11°30" North and Longitudes
03° to 07°40" East. It has a total population of 5,556,200 (NPC, 2016). The predominant occupation of the
people is farming. The crops grown in the state are rice, maize, yam, sorghum, and millet. The target population
for this study areas include rice farmers of about 465 participants and 411 non-participants in the VCDP in
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Niger State, Nigeria. Purposive sampling method was used to select Niger State because it is one of the State
participating in the VCDP initiative of the Federal Government of Nigeria and The IFAD programme on the
improvement of rice and cassava value chain. Multistage sampling procedure was adopted in selection of
representative samples. First stage, five (5) Local Government Areas were selected. The second stage, simple
random sampling technique using raffle-draw ballot-box raffle-draw method was adopted to select the two (2)
wards from each of the five (5) Local Governments Areas. In the third stage, systematic sampling techniques
was used. Firstly, simple random sampling was used to selects the first respondents, subsequently; systematic
sampling was used to select every n'" (3') rice farmers participating in the VCDP from the list of registered
rice farmers obtained from the baseline survey. A total sample size of 292 rice farmers was selected comprising
of 155 beneficiaries and 137 non-beneficiaries of VCDP. The total target population of rice farmers’
beneficiaries and non-beneficiaries was 876. Primary and secondary data were used to gather necessary data
from the sample respondents.The following analytical tools were used to achieve stated objectives:

Descriptive Statistics

Descriptive statistics involves the use of mean, mode, range, frequency distribution tables and percentages,
minimum and maximum values and standard deviations.

Gross Margin Analysis

Gross Margin Analysis is by definition the difference between total revenue and total variable cost (Olukosi
and Erhabor, 2005). Gross margin model is expressed as follows:

n n
GM = 2 TR; — Z TVC; eoe v iee v e ere e e (1)
i=1 i=1
Where,

GM = Gross Margin (Naira),

TR = Total Revenue or Total Value of Output from the Rice Enterprise (Naira),

TVC = Total Variable Cost (Naira), and

TR =P.Q (Naira).

Where: -P = Price of Rice Produced in Naira per Kilogram, Q = Output of Rice Produced in Kilogram.

Financial Analysis
Gross Margin Ratio (GMR) following Ben-Chendo et al. (2015) was used to determine the profitability of rice

production.
Net Farm Income

Gross Margin Ratio = . (2
9 Total Revenue @
Net Farm Income Analysis
NFI =TR —TC e v vt cev v s e v v et et ve e e . (3)
NFI — NFI
% Change in Net Farm Income (NFI) = Aft;;FI BETOTE 10 e e e o 4)
After

Where,

NFI = Net Farm Income (Naira),

TR = Total Revenue (Naira), and

TC = Total Cost (Naira).
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Double Difference Method / Difference-in —Difference Method (DD)

The impact assessment method involved the selection of respondents that participated in rice VCDP
(beneficiaries) and non-participants (non-beneficiaries). The model can be explicitly specified as follows:

P c
1 1
FZ(% —viy| - [EZ(Y;; - Y;;,)] N
t=1 i=1
Where, l

DD = NFI Difference between Respondents (Units),

P = Number of Participants (Units),

C = Number of Non-Participants (units),

Y2, = NFI of Participants after the Programme (Naira),

Y., = NFI of Participants before the Programme (Naira),

Y2 = NFI of Non-Participants after the Programme (Naira), and
Y = NFI of Non-Participants before the Programme (Naira).

DD =

Multiple Regression Analysis

The double difference analysis of the multiple regression model for participants and non-participants of rice
farmers VCDP is stated below: -
Y =+ 1 X1 + B2 Xz + B3Xs + BuXy + BsXs + BeXe + B7X7 + PeXs + BoXg + BroX10 + P11X11
+ Hi con v vnn (6)
Y = Net Farm Income (Naira),
a1 = Intercept,
B 1— B11= Regression Coefficients,
X1 = Treatment (T) (1, Beneficiaries; 0, Otherwise),
X2 = Period (P) (Months),
Xz = Interactions (T x P) (Units),
Xa = Age of Rice Farmers (Years)
Xs = Level of Education (0, Non-Formal; 1, Primary; 2, Secondary; 3, Tertiary),
Xe = Extension Agent Service Dummy (1, Contact; 0, Otherwise),
X7 = Household Size (Units),
Xg = Farm Experience (Years),
Xo= Access to Credit Facilities (1, Access; 0, Otherwise),
X10 = Member of Cooperative Societies (1, Member; 0, Otherwise), and
X,, = Gender (1, Male; 0, Otherwise), and
U= Error Term.

Propensity Scoring Matching (PSM)

PSM was employed to determine the impact of VCDP on the NFI of the participants of the programme; usually
the propensity score matching is used in programme evaluation to access whether the programme has impact
on the participants. The most common evaluation parameter of interest is the Average Treatment Effect on the
treated (ATT) which is defined as: -
ATT—E(Yl_Y())—( h ) 7
=E(p 7 P ) e e e (7

The propensity score is the probability of the participation for farm households, if given a set X = X; of
characteristics.

P(X) =P ( r=?

CT\X = X;
The propensity scores were derived from the regression model in which these characteristics were compared.
The impacts of treatment on the treated (causal effect of project participants) were estimated by computing the
differences across both groups:

1
ATT = N—l[y1 S IR € )

) (Pufahl and Weiss, 2009) ... ... . ce. vee vee e vee . (8)
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Where,

ATT = Average Impact of Treatment on the Treated,

N;= Number of Matches (From Regression Model),

Y;= Productivity Index by Participants, and

Y, = Productivity Index by Non-Participants.

A positive (Negative) value of ATT will usually suggest that beneficiaries in a programme have higher (lower)
outcome variable than non-beneficiaries. This was used to achieve specific objective four (iv)

Principal Component Analysis (PCA)

The constraints faced by rice farmers participating in the VCDP was achieved using principal component tools
(PCA).
F-chow Test
F-chow Test statistics is often used in programme evaluation to determine whether the programme has
impacts on different subgroup population. Chow Test is an application of the F-distribution test, if F-chow is
greater than the F-table, then there is a projects impact on the beneficiaries otherwise, there is no impact. The
model is specified as follows:

F * —Chow Test =

Where,O

RSS = Sum of Square Residual from Pooled Data,

RSS; = Sum of Square from the First Group (Beneficiaries),

RSS, = Sum of Square from the Second Group (Non-Beneficiaries),
K = Total Number of Parameter,

Ny, N, = Number of Observation in Each Group

RSS—(RSS;+RSS;)/K
RSS;+RSS,/[N;+N,—2K]

RESULTS AND DISCUSSION
Socio-Economic Profiles of Rice Farmers VCDP Beneficiaries and Non-Beneficiaries

Table 1 shows that the mean age of rice farmers’ beneficiaries was 46 years. The non-beneficiaries had a mean
age of 51 years, when combined the mean age was 49 years. This implies that most of the rice farmers were
middle-aged, resourceful, and energetic in their economically active age. Farmers' age is said to influence
farmers’ maturity and decision-making ability (Sani et al., 2014). The results show that younger farmers are
agile, and able to adopt modern production technologies with potential high productivity. This finding is
similar to that of Sani et al. (2014). About 55.48% of the beneficiaries had less than 10 people as members of
households. The mean household sizes were 13, 11, and 12 people for beneficiaries, non-beneficiaries, and
when combined respectively. This has a direct implication on labor supply to the farm because of the potential
contributions to labor available for rice production. The results agree with the findings of Sani et al. (2010)
and Fakayode et al. (2014). The mean years of experience were 22 years, and 18 years for beneficiaries, and
non-beneficiaries respectively. According to Olaoye et al. (2013) number of years of experience could improve
skills and better approaches to rice farming practices. Experience can help to correct past errors and expand or
contract the scale of the applications of tested skills. This result is in line with findings of Bashir et al. (2018).
Also, the rice farmers had formal education, the expectations are rice farmers had formal education given that
the respondents had attained at least 6 years in school. This agrees with the findings of Olagunju et al. (2010).

Table 1. Socio-Economic Profiles of Rice Farmers VCDP Participants and Non-Participants

Variables Beneficiaries Non-Beneficiaries Pooled
Age (Years) 51 46 49
Household Size (Number) 13 11 12
Farm Experience (Years) 22 18 20
Level of Education (Years) 12 8 10

Source: Field Survey (2020)
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Net Farm Income Analysis of Rice Production among VCDP Beneficiaries and Non-Beneficiaries per
farming season

The various costs incurred on various resources used and the benefits (profit) received from the sales of the
products were estimated based on the market price at the period under consideration (2019/2020 farming
season) is presented in Table 2. The total revenue for program beneficiaries and non-beneficiaries was
estimated to be MN698, 400.00 and N381, 600.00 respectively. The total variable cost for program beneficiaries
and non-beneficiaries was estimated to be N180, 528.41 and N151, 821.70 respectively. The fixed cost for
program beneficiaries and non-beneficiaries was estimated to N39, 625.26 and N19, 000.00 respectively. The
variable cost for program beneficiaries and non-beneficiaries accounted for 85% and 80% of the total cost of
production. The gross margin for program beneficiaries and non-beneficiaries was estimated to be N517,
871.59 and N229,778.30 respectively. On average both program beneficiaries and non-beneficiaries made a
NFI of N 478, 246.33 and N210,778.30 respectively per hectare of rice production. The gross margin ratio for
program beneficiaries and non-beneficiaries was 74% and 60% respectively. This indicates that rice production
was profitable. This implies that for every one Naira generated from sales by smallholder rice farmers that
benefitted and non-beneficiaries of the program, 74.00 kobo and 60.00 kobo covered the operating costs and
profit respectively. This suggests that rice production by the program beneficiaries were more profitable than
non-beneficiaries

Table 2. Net Farm Income Analysis of Rice Production for Beneficiaries, Non-Beneficiaries per
Farming Season

Variables Beneficiaries Non-Beneficiaries Pooled
Total Variable Costs (Naira) 180,528.41 151,821.70 332,350.11
Total Fixed Cost(Naira) 39,625.26 19,000.00 58,625.26
Total Cost (Naira) 220,153.67 170,821.70 390,975.37
Quantity (Kg) 3,492.00 1,908.00 5,400.00
Unit Price (Naira/Kg) 200 200 200
Total Revenue (Naira) 698,400.00 381,600.00 1,080,000.00
Gross Margin (Naira) 517,871.59 229,778.30 747,649.89
Net Farm Income (NFI) (Naira) 478,246.33 210,778.30 689,024.63
Gross Margin Ratio (Unit) 0.74 0.60 0.69

Source: Field Survey (2020) 1 USD =820 NAIRA

Difference-in-Difference Estimation of Impacts of VCDP on NFI of Rice Farmers Beneficiaries and Non-
Beneficiaries

From Table 3 the NFI difference between rice farmers’ beneficiaries and non-beneficiaries’ groups
were N5, 481.4477 before the program and this increased by 97.95% to 267,468.03 after the program. This
suggests that the program had a positive impact on the income of the beneficiaries of the program. Also, the
between group effect shows that the NFI of beneficiaries and non-beneficiaries increased by 76.69% and
49.73%. This further suggests that the program had a positive impact on the income of the beneficiaries of the
program hence the beneficiaries may be more food secured given their participation in the value chain program.
The NFI difference in difference was calculated to be MN261, 986.58. The F-value (321.01) confirmed that there
was a significant difference between net farm income of rice farmers’ beneficiaries and non-beneficiaries of
VVCDP at 1% probability level. This result is in line with the findings of Olaoye et al, (2013) and Zalkuwi
(2015) who both found out that rice production was profitable.

Table 3. Double Difference Result of Impacts of VCDP on Net Farm Income of Rice Farmers Beneficiaries
and Non-Beneficiaries

Group Net Farm Income (Naira)

Before After Difference Between Period
Beneficiaries 111, 436.5253 478, 246.33 366.809.80
Non-Beneficiaries 105, 955.0776 210,778.30 104,823.22
Difference Between Groups 5, 481.4477 267,468.03 261,986.58

F-Value = 321.01***
Source: Field Survey (2020) ***-Significant at 1 percent probability level
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Difference-in-Difference Method of Regression Analysis of the Impacts of VCDP on Net Farm Income of
Rice Farmers Beneficiaries and Non-Beneficiaries

Table 4 shows the estimated difference-in-difference method of regression analysis of the impacts of VCDP
on NFI of rice farmers beneficiaries and non-beneficiaries. From the result, variables with positive coefficient
leads to increase in NFI while variables with negative coefficient leads to decrease in net farm income.
Coefficient of determination (R?) was approximately 0.7912 which means that 79.12% of the variations in the
NFI of the rice farmers was as a result of the variations in the explanatory variables included. The F-Statistics
value of 96.47 was significant at 1% probability level. This implies that the joint effect of the variables included
in the model were significant in determining net farm income. The results showed that treatment (X), period
(X2), interaction (Xs), level of educational (Xs), and farm experience (Xs) were statistically significant
variables influencing the net farm income of rice farmers in the study area. Level of educational (Xs) and farm
experience (Xs) had positive coefficients and were statistically significant at 10% probability levels (P < 0.10).
Treatment (X1), period (X2), and interaction (Xs) had positive coefficients and were statistically significant
10%, 1%, and 10% probability levels respectively. From the regression result, the treatment (X1) was positively
related to NFI of rice farmers. This suggest that the program had a positive impact on the income of farmers
in the study area. Period (Xz) was positively related to net farm income. Interaction (Xs) was positively related
to net farm income. The statistical significant of interaction (X3) implies that the VCDP impacted positively
on the rice farmers’ participant.

Table 4. Double Difference Estimate from Regression Analysis of the Impacts of VCDP on NFI of Rice
Farmers Participants and Non-Participants

Variables Coefficients Standard Error t-Value
Treatment (X1) 0.1312 0.1903 1.69*
Period (X2) 0.5559 0.1708 3.25%**
Interaction (Xs) 0.2113 0.1193 1.77*
Age (Xa) 0.1062 0.1322 0.8
Educational Level (Xs) 0.0911 0.0501 1.82*
Extension Contact (Xs) 0.0240 0.0535 0.45
Household Size (X7) -0.0199 0.0455 -0.44
Farm Experience (Xs) 0.0585 0.0504 1.67*
Access to Credit (Xg) 0.0040 0.0475 0.08
Member of Cooperative Society (X1o) 0.0198 0.0472 0.42
Gender (X11) 0.0313 0.0463 0.68
Constant 12.3284 0.5264 23.42
R-squared 0.7912 Adj R? 0.7830
F Statistic 96.47

Source: Field Survey (2020)

Table 5. Average Treatment Effect of Before and After Bootstrap on NFI of Rice Farmers

Matching Algorithm ATT Standard Error Standard Error Bias t-Value
Before Bootstrap After Bootstrap

Nearest Neighbour 446,000 115,000 145, 068.4 -36,961.45 3.076 ***

Radius 331,000 132,000 88, 269.622 -16,173.44  3.752 ***

Kernel 347,000 - 95940.82 4,784,654  3.612%**

Stratification 378,000 108, 000 109, 034.6 6,914.596  3.464 ***

Source: Field Survey (2020)

Propensity Score Matching of the Impacts of VCDP on Income of Rice Farmers

Table 5 shows the PSM of the impacts of VCDP on NFI of rice farmers. The coefficient of ATT for nearest
neighbour, radius, kernel, and stratification were positive. All the matching algorithms were significant at 1%
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probability levels. This implies that the VCDP had significant impact on income of rice farmers’ beneficiaries.
The value of ATT for nearest neighbour, radius, kernel, and stratification were 446, 000, 331, 000, 347, 000,
and 378, 000 respectively. They were all statistically significant at (P < 0.01) respectively.

Constraints Faced by Rice Farmers’ Beneficiaries of VCDP

Principal Component Analysis is a statistical technique that transfers a data set with many interrelated variables
into one with a smaller number of uncorrelated variables. From the result presented in Table 6, the number of
principal components retained using the Kaiser criterion was four (4) which had an Eigen-value above 1. At
this component, for beneficiaries of VCDP, 58% of the variations have been explained by the component
captured in the model. The Kaiser-Meyer-Olkin which measures of sampling adequacy (KMO) was 0.515 and
Bartlett test of sphericity was 80.579 and significant at a 1% level of probability which further demonstrated
the feasibility of employing the data set for factor analysis. The result in Table 6 further shows the constraints
faced by rice farmers’ beneficiaries of the VCDP as identified by the farmers include: herdsmen and farmers-
clashes which was rank 1% in the order of importance based on the perceptions of the rice farmers with 19%
proportion. Inadequate funds were ranked 2" in the order of importance based on the perceptions of the rice
farmers with 14%. Bureaucracy in accessing credit was ranked 3 in the order of importance based on the
perceptions of the rice farmers with 13%. Inadequate fertilizers were ranked 4" in the order of importance
based on the perception of the rice farmers with 11%. The results agreed with that of Bashir et al. (2018).

Constraints Faced by Rice Farmers’ Non-Beneficiaries of VCDP

The constraints facing rice farmers’ non-beneficiaries of VCDP was presented in Table 6. The number of
principal components retained using the Kaiser criterion was four (4) which had an Eigen-value greater than
1. At this component, for non-beneficiaries of VCDP, 59% of the variations have been explained by the
component retained in the model. The Kaiser-Meyer-Olkin which measures of sampling adequacy (KMO) was
0.529 and Bartlett test of sphericity of 67.484 and was significant at a 1% level of probability which further
demonstrated the feasibility of employing the data set for factor analysis. The result in Table 6 further shows
the constraints faced by rice farmers’ non-beneficiaries of the VCDP as identified by the farmers include:
herdsmen and farmers-clashes which was rank 1% in the order of importance based on the perceptions of the
rice farmers with 18% proportion. Inadequate funds were ranked 2" in the order of importance based on the
perceptions of the rice farmers with 16%. Bureaucracy in accessing credit was ranked 3™ in the order of
importance based on the perceptions of the rice farmers with 14%. Inadequate fertilizers were ranked 4™ in the
order of importance based on the perception of the rice farmers with 12%. The results also agreed with that of
Bashir et al. (2018).

Analysis of the Significant Impact of VCDP on Net Farm Income of Rice Farmers

Table 7 revealed the F-chow-test analysis between impact of VCDP on NFI of rice production. Based on the
findings of this study, the hypothesis which states that there is no significant impact of VCDP on NFI of rice
production was rejected, while the alternative hypothesis which states that there is significant impact of VCDP
on NFI of rice production was accepted. This implies that the VCDP had impact on the NFI of rice farmers.
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Table 6. Principal Component Analysis of Constraints Faced by Rice Farmers in Niger State, Nigeria

Beneficiaries Non-Beneficiaries Combined
Component Eigen- Propor Cumul Eigen- Propor Cumul Eigen- Propor Cumul
Value tion ative Value tion ative Value tion ative
Herdsmen’s and 1.74 0.19 0.19 1.63 0.18 0.18 1.63 0.18 0.18
Farmer Clashes
Inadequate Funds 1.28 0.14 0.33 1.41 0.16 0.34 1.28 0.14 0.32
Bureaucracy in 1.18 0.13 0.46 1.21 0.14 0.47 1.17 0.13 0.45
Accessing Credits
Inadequate 1.02 0.11 0.58 1.05 0.12 0.59 1.09 0.12 0.57
Fertilizer
Pest and diseases 0.97 0.10 0.68 0.89 0.10 0.69 0.94 0.11 0.68
Poor Access to 0.87 0.09 0.78 0.82 0.09 0.78 0.84 0.09 0.77
Extension Agent
Distance to the 0.72 0.08 0.86 0.74 0.08 0.86 0.76 0.08 0.85
Market
High Cost of 0.69 0.08 0.94 0.65 0.07 0.94 0.69 0.07 0.93
Labour
High Cost of 0.49 0.05 1.00 0.55 0.06 1.00 0.57 0.06 1.00

Maintenance

Bartlett Test of Chi-Square =80.579***

Sphericity

KMO = 0.515

Chi-square = 67.484***
KMO =0.529

Chi-square = 122.849***
KMO =0.520

Source: Field Survey (2020)

Table 7. F-Chow — Test Analysis of Impact of VCDP on Net Farm Income of Rice Farmers

Group Sample R? Residual Sum N K F-Cal F-Tab Prob
of Square

Pooled 0.0968 21.029 292 3 10.29 1.96 0.0000

Participants 0.1770 12.003 155 3 10.82 1.96 0.0000

Non- 0.0599 8.1473 137 3 2.82 1.96 0.0413

Participants

*** Significant at 5% level of Probability

Source: Field Survey (2020)

CONCLUSION AND RECOMMENDATIONS

This study has established that rice farmers’ beneficiaries of VCDP were young, energetic, and resourceful.
The VCDP had impacted positively on the net farm income of rice farmers. The policy implications and
recommendations from this study include:
(i)  Provision of extension officers to train rice farmers on new technologies, innovation, and new research

findings.

(i)  Rice farmers should be provided with credit facilities at low interest rate with no collateral securities.
This will enable the farmers improve productivity and hence net farm income.
(iii)  Rice farmers should be provided with farm inputs and improved varieties of rice. This will increase rice
production and hence net farm income.
(iv) Governments are hereby enjoyed to put policy in place that will help remove administrative bottle
necks in accessing agricultural loans.
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ARTICLE
ABSTRACT INEO
Salinity, one of the abiotic stress factors, causes various physiological damages in plants. Salt stress Received:
significantly affects plant growth and development. One of the ways to reduce the negative effect of 23.01.2024
salt stress, which has a limiting effect on plant growth, is to determine the tolerance level of plants. Accepted:

This study was carried out under controlled conditions in order to examine the effect of salt stress on 16.04.2024
the germination of flax plant, which is one of the important industrial plants with various usage areas
around the world. In this study, 3 flax varieties (Somme, Midin and Norman) and 4 salt concentrations
(control, 50 mM, 100 mM and 200 mM) were used. In this experiment, germination rate, radicle length,
plumula length, seedling length and seedling fresh weight characteristics of seeds under salt stress
were examined. Statistically significant differences were detected between all the properties examined
in the study, both among the cultivars and the salt doses. The study revealed that the control (pure
water) group obtained the highest values in all the examined properties, but these values significantly
decreased as the salinity severity increased. It was determined that the 200 mM salt dose significantly
affected the germination of flax. ‘Somme’ flax variety was the most tolerant variety against salt doses
in terms of the properties examined.

Keywords: Flax, Linum usitatissimum L., Salt Stress, Seed Germination

Tuz Stresine Maruz Birakilan Bazi Keten (Linum usitatissimum L.) Tohumlarinin
Cimlenme ve Erken Fide Gelisiminin Arastirilmasi

- MAKALE
OZET BILGISI
Abiyotik stres faktorlerinden biri olan tuzluluk, bitkilerde bircok fizyolojik hasarlara yol agmaktadir. Gelis:

Tuz stresi bitki biiyiime ve gelismesinde 6nemli bir rol oynar. Bitki gelisimini sinirlayici etkiye sahip 23.01.2024
olan tuz stresinin olumsuz etkisini azaltmanin yollarindan biri de bitkilerin tolerans diizeyinin
belirlenmesidir. Bu ¢aligma, diinyada bir¢ok kullanim alanina sahip énemli endustri bitkilerinden biri Kabul:
olan keten bitkisinin tuz stresi altinda ¢imlenme ve fide gelisimi iizerine olan etkisini incelemek 16.04.2024
amaciyla kontrollii sartlar altinda yiiriitiilmiistiir. Caligmada 3 adet keten ¢esidi (Somme, Midin ve

Norman) ve 4 adet tuz konsatrasyonu (kontrol, 50 mM, 100 mM ve 200 mM) kullanilmustir.

Arastirmada tuz stresine maruz birakilan tohumlarin ¢imlenme orami, radikula uzunlugu, plumula

uzunlugu, fide boyu ve fide yas agirligi parametreleri incelenmistir. Arastirmada incelenen tim

Ozelliklerde hem g¢esitler hem de tuz dozlar1 arasinda istatistiksel olarak 6nemli farkliliklar tespit

edilmistir. Calisma sonucunda incelenen tiim oOzelliklerde en yiiksek degerler kontrol (saf su)

grubundan elde edilirken, tuzluluk siddeti arttikca biitiin degerlerde diisiisler meydana gelmistir.

Ayrica, 200 mM tuzluluk dozunun keten gimlenmesini 6nemli 6lgude etkiledigi ¢alismanin sonuglart

arasinda yer almaktadir. Incelenen 6zellikler agisindan 'Somme' keten cesidi tuz dozlarma en toleransh

¢esit olmustur.
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INTRODUCTION

Flax (Linum usitatissimum L. 2n=30) is one of the self-pollinated oilseed plants that complete the vegetation
period in one year. While oil is obtained from the seeds of flax, fiber is obtained from the stem of some forms.
Flax is one of the oldest plants cultivated for its fiber as well as its oilseed (Dubey et al. 2020). Flax seeds
contain approximately 40-45% oil and this oil is used in various industrial fields such as making paints, soaps,
varnishes, and printer ink (Cloutier et al. 2009). The oil obtained from flax seeds is widely used in the paint
and flooring industry, as it dries faster than other vegetable oils (Bayrak et al. 2010). Flax oil has also been
recognized as an excellent source of micronutrients. It is also known to be rich in dietary fiber, protein, vitamin
B1, lignin and linoleic acids, which are essential fatty acids (Kajla et al. 2015; Goyal et al. 2016). Although
flax, which is not very selective in terms of soil properties, can be grown easily in most soil types, it is adversely
affected by heavy textured soils with poor drainage. The plant can easily grow in soils with a pH between 6
and 6.5. The vegetation period of flax is short. Although the vegetation period varies according to the variety
and the geographical conditions in which it is grown, it completes its development in an average of 90 to 120
days. Since the life cycle of the plant is short, it ensures that two crops are taken from the same field in one
year. Therefore, it can be considered as a good rotation plant. The adaptation of flax to different climatic areas
is high. The climate requirements of flax differ according to the purpose of cultivation (for fiber or seed
purposes). Particularly subtropical areas are more suitable for the seed production of flax, which is widely
distributed in humid areas with a mid-belt climate. Humid climatic regions are important for flax cultivation,
and especially cool, frequent rainy, coastal areas (in fiber-purpose cultivation) are very ideal.

Salinity stress, to which plants are exposed, causes an increase in osmotic pressure and a deterioration of the
balance in ion uptake (Tahjib-Ul-Arif et al. 2018). Plants are adversely affected by salinity stress at all stages
of growth. Response to salinity stress varies not only between plant species but also between different varieties
of the same species (Bojovic et al. 2010). Wang et al. (2009) reported that many plant species are more sensitive
to salinity during the early stages of growth, such as germination and seedling formation stages. The severity
of salt stress and the resistance of the plant to salinity are first determined during the germination and seedling
growth stages, because the rapid and uniform emergence of seedlings is an important prerequisite for obtaining
efficient and high quality crops (Sadeghi and Robati 2015). Misra and Dwivedi (2004) reported that the
germination phase is the most critical growth period in plants and that plants are greatly affected by salinity
during this phase.

In this study, the resistance of flax, an important alternative oil plant, to salt stress during germination and
early seedling growth stages was investigated.

MATERIAL AND METHODS

This study was carried out under controlled conditions to determine the effects of salt doses applied to three
different flax varieties (Norman, Somme, Midin) on the germination and early seedling development stages of
seeds. The study was carried out in three replications according to the factorial experimental design in random
plots. In the study, double-layered Whatman paper was placed in sterilized petri dishes for each application
and 30 flax seeds sterilized in a 10% NaCl solution were placed in each petri dish. Petri dishes were left open
for a while to dry the seeds placed in 11 cm diameter petri dishes. After the seeds dried, 7 mL of the prepared
salt concentrations were added to them (Moghaddam et al. 2018). The same amount of distilled water was
added to the control group. The salinity concentrations were prepared as 0 (control group), 50, 100 and 200
mM, which were determined based on previous studies (Moghaddam et al. 2018). Petri dishes were wrapped
with parafilm to prevent moisture loss due to evaporation. The prepared petri dishes were left to germinate in
the climate cabinet at 25 °C at 70% relative humidity and the germinated seeds were counted at the same time
every day (every 24 hours) for 7 days (Bilgili et al. 2011). In the experiment, seeds with a radicle of 2 mm
were considered germinated (Mostafavi 2012). In the study, radicle length, plumula length, seedling length
seedling fresh weight and germination rate were measured. The germination rate was calculated by dividing
the the number of germinated seeds by the total number of seed then multiplying them by 100 (Maquire 1962).
For seedling lengths, radicle and plumule lengths were measured separately, and then the seedling length was
determined by adding both lengths (ISTA 1984). The radicle and plumule were weighed and the fresh weights
of the seedlings were determined. The data obtained from the study and variance analyses were performed
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using the JMP statistical package program, and the differences between the means and multiple comparisons
were calculated according to the LSD test.

RESULTS AND DISCUSSION

In this study, the effects of different salt concentrations on the germination and seedling development periods
of some flax (Linum usitatissimum L.) cultivars were investigated. In the study, it was observed that there were
significant differences in terms of radicle length, plumula length, seedling lenght, seedling fresh weight and
germination rate (P<0.05).

Significant differences between cultivars and doses in terms of radicle length can be seen in Table 1. From the
table, it is seen that flax seeds belonging to different varieties are adversely affected by increasing salt stress,
and radicle length decreases as the severity of salinity increases. While the maximum radicle length was
obtained from the control group, the lowest average value was obtained from the highest salt concentration of
200 mM. While the Somme variety had a radicle length of 91.30 mm in the control group, this value decreased
as the intensity of the doses increased. Norman variety was the most affected variety in terms of radicle
development at 200 mM salt concentration. Since plant roots are in direct contact with the soil, they take water
and nutrients from the soil and transmit them to the upper parts of the plant. Therefore, root development is
one of the most important parameters in terms of salt stress (Moghaddam et al. 2018). Jamil et al. (2006)
reported that root and shoot lengths provide important clues in the response of plants to salt stress. Moghaddam
et al. (2018) investigated the responses of some flax varieties to salt stress. In their study, they stated that the
best development in terms of radicular length was obtained from the control group and that radicula
development slowed down as the severity of salinity increased. Abido and Zsombik (2019) reported that the
length of the radicle was changed at different salt doses and that the radicular length clearly decreased as the
salt intensity increased.

In terms of plumula length, the interaction of doses and varieties was found to be statistically significant (Table
1). While the highest plumule length was obtained from the control group, as the severity of salinity increased,
the stem length value also decreased and got the lowest value at the highest salt dose of 200 ppm. When the
effect of salt stress on cultivars was examined, all cultivars used in the experiment showed the best results in
terms of plumule length in the control group. The Norman variety was the variety most affected by salinity,
with the lowest value at 200 ppm. In the studies of the researchers on the seedling development of flax, it was
stated that the radicle and plumule length of the seedlings were significantly affected by 150 and 200 mM salt
concentrations (Zaghdoudi et al. 2015; Yaver and Pasa 2009; Muhammad and Hussain 2010; Kadkhodaie and
Bagheri 2012). Moghaddam et al. (2018) reported that as the salinity intensity increases, plumule length
decreases and plumule development slows down considerably at 12 dS/m salinity dose. Kadkhodaie and
Bagheri (2012), in their study in which they examined the seedling growth parameters of flax seeds under salt
stress, stated that flax seeds exposed to high concentrations showed a slowdown in plumule development.

In the study, seedling length was examined to determine the effects of salt doses on seedling development
(Table 1). The effect of salt doses on the development of seedling length of flax seedlings was found to be
statistically significant (P<0.05). When the effect of salt doses on cultivars was examined, it was observed that
the highest seedling length was obtained from the control group, and as the salinity concentrations increased,
significant decreases in seedling length occurred. At the highest salt concentration (200 mM), serious
reductions in seedling length occurred and Midin variety was the variety with the lowest seedling growth. Kaya
et al. (2012) studied the response of some linen lines to salt stress. In their study, they reported that varieties
showed significant differences in terms of germination parameters at different salt doses and that seedling
growth slowed down significantly at 20 dS/m, the highest salt concentration. EI-Nakhlaway and El-Fawal
(1989) reported that salt stress significantly reduced germination and seedling growth in flax plant
development. The reason for the slowdown in germination is due to the osmotic stress that occurs with the
effect of ion exchange at increasing salt levels (Almansouri et al. 2001; Kaya et al. 2006; Atak et al. 2006).
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Table 1. Radicle length, plumula length, seedling length values of flax seeds at different salt concentrations

Radicle length (mm)

Dose/ Variety Somme Midin Norman Average
Control 91.30° 48.39% 52.67¢ 64.12°
50 mM 69.33° 34.63°f 40.95% 48.308
100 mM 30.84 22.15% 14.73M 22.57¢
200 mM 11.75! 10.42! 4.301 7.39P
Average 50.80* 28.89Y 27.09¥

CV (%) 16.01

LSD(0.05) V: 4.47* D:5.21* V xD:7.99*

Standard Error V: 1.650 D: 1.901 V x D: 3.301

Plumula length (mm)

Dose/Variety Somme Midin Norman Average
Control 103.092 74.93° 105.022 94,354
50 mM 88.05% 45.31°¢ 79.51° 70.968
100 mM 27.83% 29.12¢ 17.43¢% 24,79
200 mM 10.75¢% 11.10¢% 3.90¢ 7.28P
Average 57.43 40.11 50.49

CV (%) 24.62

LSD(0.05) V:N.S D :22.98* V x D: 39.80**

Standard Error V: 3.269 D:4.878 V x D: 6.538

Seedling length (mm)

Dose /Variety Somme Midin Norman Average
Control 194.392 123.32¢ 157.70° 158.474
50 mM 157.39° 79.94¢ 120.46° 119.268
100 mM 58.67% 51.27¢f 32.16 47.37¢
200 mM 22.509" 21.52¢9" 7.81" 14.67°
Average 108.24* 69.01Y 77.58Y

CV (%) 19.56

LSD(0,05) V: 17.18* D: 36.98* V x D : 63.48*

Standard Error V: 4.224 D:4.878 V x D: 8.449

* and **:significant at P < 0.05 and P < 0.01 respectively. N.S: No significant. a, b, c...; varieties x doses, A, B.C...; average of doses, X, Y, z... ;

average of varieties

The effects of salt doses on seedling fresh weight were given in Table 2 and it was determined that there was
a statistical difference between salt doses in terms of seedling fresh weight (P<0.05). The effect of salt doses
in the experiment on the seedling fresh weight of flax seedlings was investigated. It was determined that the
highest fresh seedling weight was obtained from the control group and the seedling fresh weight decreased
significantly as the intensity of the doses increased. Moghaddam et al. (2018) reported that seedling fresh
weight in flax decreased significantly with increasing salinity doses, and seedling fresh weight was the highest
in control and 50 mM. Similarly, Jamil et al. (2006) reported that the seedling fresh weight (shoot + root) of
flax was affected by all salt doses (4.7-14.1 dS/m) and the shoot fresh weight decreased more than the root
fresh weight. High salinity in the environment causes an increase in osmotic pressure. This situation causes
imbalances in the water uptake of the seed and slows down both the germination of the seed and the
development of the germinated seeds (Rajabi and Postini 2005). The increase in osmotic pressure (more
negative osmotic pressure) caused by environmental salinity prevents the water uptake of the seed. This
situation both disrupts the hydration balance of the seed and prevents seed germination by creating toxic effects
of cations and anions in high amounts in the environment.

The effects of salt doses on germination rate are given in Table 2 and it was determined that there was a
statistical difference between salt doses and varieties in terms of germination rate (P <0.01). Germination rate
of all cultivars decreased with increasing salt doses. At the highest salt concentration (200 mM), the
germination rate was severely reduced. Moghaddam et al. (2018) reported that different salt concentrations
affect the germination parameters of flax, while increasing salt doses significantly affect germination. Many
researchers have reported that the increase in salt levels has a negative effect on the germination of flax seeds
(Jamil et al. 2006; Vicente et al. 2007; Mohammadizad et al. 2013). Abbasian and Moemeni (2013) explained
the reason for the decrease in germination with the increase in salinity level, with the increase of toxic ions in
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the root region of the plant and the imbalance in the nutrient intake of the plant as a result of the increase in
osmotic pressure. Knowing the degree of tolerance to salinity in the germination and early development stages
of plants is an important parameter in terms of evaluating the growth and development of the plant. Many
researchers have reported that salinity slows down root and shoot growth in plants and negatively affects
germination (Vicente et al. 2004; Abdul Jaleel et al. 2007; Demir Kaya et al. 2012; Moghaddam et al. 2018;
Biiyiikyildiz et al. 2023).

Table 2. Fresh seedling weight and germination rate values of flax seeds at different salt concentrations

Fresh seedling weight (mg)

Dose /Variety Somme Midin Norman Average
Control 0.7002 0.636° 0.6333° 0.656%
50 mM 0.6932 0.600° 0.540°¢ 0.6118
100 MM 0.410¢ 0.303¢ 0.263° 0.325¢
200 mM 0.263¢ 0.143f 0.255¢ 0.135°
Average 0.516* 0.3597 0.420Y

CV (%) 6.26

LSD(0.05) V: 0.036" D: 0.026" V x D: 0.046"

Standard Error V:0.007 D:0.009 V x D: 0.015

Germination rate (%)

Dose / Variety Somme Midin Norman Average
Control 92.882 92.552 91.222 92.21A
50 mM 75.78% 52.33¢ 67.77% 65.298
100 mM 60.00° 28.11¢% 40.00¢ 43.70°¢
200 mM 21.11° 17.77° 4.499 12.96°
Average 62.44% 47.69Y 50.87Y

CV (%) 14.80

LSD(0.05) V:9.02* D: 8.78* V x D :15.22**

Standard Error V:2.131 D: 2.461 V x D: 4.263

* and **:significant at P < 0.05 and P < 0.01 respectively. N.S: No significant. a, b, c...; varieties x doses, A, B...; average of doses, X, Y, z... ;
average of varieties

CONCLUSION

The purpose of evaluating plants in terms of salt resistance is to get an idea of which plants can and cannot be
grown in salty soils. Salinity studies are carried out not only among plants but also between different varieties
or genotypes of a plant. The effect of salt stress on cultivars was found to be significant in the study using three
different flax seeds and four different salinity doses, including a control. It was observed that all properties
examined in the study were adversely affected by high salt concentrations. It was determined that there were
serious differences between the highest salt dose of 200 mM and the control group in which only pure water
was used. In the study, the ‘Somme’ variety gave better (positive) results than other varieties in terms of
germination parameters and seedling growth at high salinity doses. It was determined that the 200 mM salt
dose significantly affected the germination of flax.
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“ MAKALE
OZET BILGISi
Ceviz (Juglans regia L.), dinyada en ¢ok Uretilen ve tuketilen sert kabuklu meyve tiirlerinden biridir. Gelis:
Onemli miktarlarda protein, yag ve yag asiti icerigi tiiketimini artirmaktadir. Verim, meyvenin fiziksel 27.01.2024
ve kimyasal 6zellikleri ¢esidin genetik yapisina bagli olmakla birlikle ¢evre kosullarindan da dnemli

6l¢iide etkilenmektedir. Bu arastirmada 5 ceviz ¢esidinde meyve dzelliklerinin ekolojilere gore degisimi Kabul:

saptanmistir. Ortalama meyve agirligi en yiiksek 77H1 genotipinden (15.84 g), en diisiik Tokat 1 27.05.2024
¢esidinden (8.78 g) elde edilmistir. Kabuklu meyve 6zellikleri ekolojilere gore degisim gostermis olup,

Hatay ve Yalova illerinde en yiiksek meyve agirhigi 77H1 genotipinden (17.89 g; 16.83 g),
Kahramanmaras ilinde ise KR2 (17.60 g) ve Sen 1 (16.67 g) gesitlerinden elde edilmistir. Kabuklu ve i¢

ceviz agirlig (14.31 g ve 7.20 g), i¢ oranmi (%51.18), meyve eni, boyu ve yiikseklik degerleri Hatay

ilinde yiiksek bulunurken, bu ilde i¢ ceviz renklerinin daha koyu oldugu belirlenmistir. Yag orant
Kahramanmaras ve Yalova illerinde (%60.72 ve %61.77) yiiksek olurken, ceviz ¢esitlerinin protein

icerigi Hatay ve Yalova illerinde (%18.33 ve %16.79) yiiksek bulunmugtur. Palmitik, Stearik ve

Limolenik yag asitleri Kahramanmarasg ilinde yiiksek olurken, Yalova ilinde Linoleik, Hatay ilinde ise

Oleic asit oran1 yiiksek olmustur.

Anahtar kelimeler: Ceviz, ekoloji, meyve, yag, yag asiti

Variation of Fruit and Chemical Properties According to Ecology in Some Walnut Cultivars

ARTICLE
ABSTRACT INEO
Walnut (Juglans regia L.) is one of the most produced and consumed hard-shelled fruit species in the Received:
world. Significant amounts of protein, fat and fatty acid content increase its consumption. Yield, 27.01.2024
physical and chemical properties of the fruit depend on the genetic structure of the variety and are also
significantly affected by environmental conditions. In this study, it was determined that the fruit and Accepted:

chemical content of 5 walnut cultivars grown in different ecologies changed according to different 27.05.2024
ecologies. The aveage fruit weight showed the genetic characteristics of the cultivars, the highest fruit
weight was added from the 77H1 gemotype (15.84 g) and the lowest from the Tokat 1 cultivar (8.78
g). Fruit characteristics also changed according to ecology, the highest fruit weight was obtained from
77H1 genotype (17.89g; 16.83 g) in Hatay and Yalova provinces, and from KR2 (17.60 g) and Sen 1
(16.67 g) varieties in Kahramanmaras. While the weight of shelled fruit and kernel (14.31 g and 7.20
g), kernel ratio (51.18%), nut width, length and height values were higher in Hatay, it was determined
that the color of kernels was darker in Hatay province. Fat content was high in Kahramamaras and
Yalova (60.72% and 61.77%), protein content was high in Hatay and Yalova (18.33% and 16.79%).
While Palmitic, Stearic and Limolenic fatty acids were high in Kahramanmaras, Linoleic acid was
high in Yalova and Oleic acid was high in Hatay.

Keywords: Walnut, ecology, pomology, fat, fatty acid
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GIRIS

Ceviz, Juglandales takimmin Juglandacea familyasimim Juglans cinsine girmektedir. Juglans cinsi igerisinde
yer alan 21 ceviz tiirli bilinmektedir. Bu tiirler icerisinde ekonomik getirisi ve besin degeri yliksek olan
Juglans regia L. dir. Bu tiir Anadolu cevizi, Iran cevizi ve Ingiliz cevizi olarak da taninmakta ve Anadolu,
[ran, Himalaya ve Giiney Dogu Avrupa’da dogal olarak yetismektedir (Sen 1986).

Ceviz besin icerigi agisindan zengin bir meyve tiiriidiir. Ozellikle doymamuis yag asitleri ile 6ne ¢ikmaktadir
(Ros ve ark. 2004). Saglik bakimindan olumlu etkisi nedeniyle ceviz tuketimi onerilmektedir (Poulose ve
ark., 2014). Ozellikle meme, prostat, kolon gibi farkli kanser tiirlerine karsi etkili bir besin oldugu da
bilinmektedir (Hardman, 2014; Guan ve ark. 2018). Bu durum, cevizin essiz bilesiminden
kaynaklanmaktadir. Cevizin ana besin maddeleri proteinler, karbonhidratlar, diyet lifi, mineraller ve biiyiik
6lciide yagdan olusmaktadir. Ayrica, hidrolize olabilen tanenler (gallotaninler ve ellagitanninler), A ve C
vitaminleri, E vitamini ve diger tokoferoller, aminoasitler vb. gibi bazi biyoaktif bilesikler agisindan da
zengindir (Bueno ve ark. 2021). Cevizin en 6nemli 6zelliginden biri de yag bilesimidir. Ceviz, yag icerigi
yiiksek diger tiirlerin coguyla karsilastirildiginda, doymus yag asitlerinin (SFA) toplam yag asitlerine
oraninin diisiik oldugu goriilmektedir. Ayrica ceviz, daha diisiik oranda tekli doymamis yag asitlerine
(MUFA) sahiptir. Coklu doymamis yag asitlerinin (PUFA) fazla olmasi, 6zellikle linoleik ve a-linolenik asit
konsantrasyonlarinin yiiksek olmasi nedeniyle ®3:w6 orani yiiksektir (Pereira ve ark, 2008; Hayes ve ark,
2016). Zengin besin igerigine ilave olarak oteki meyve tiirlerine kiyasla yetistiriciliginin, 6zellikle hasat ve
meyvelerinin muhafazasinin kolay olmasi cevizin iiretimini artirmaktadir. Birim alandan getirisinin yiiksek
olmasi da ceviz yetistiriciliginin artmasindaki en 6nemli nedenler arasindadir.

Cevizin anavatanlar igerisinde yer alan Tiirkiye’de, 2020 yilinda 286.706 ton ceviz Tiretimi
gergeklestirilmistir. Tiirkiye bu tretim degeri ile Cin Halk Cumhuriyeti, Amerika Birlesik Devletleri ve
Iran’dan sonra 4. sirada yer almakta ve diinya iiretiminin % 6,4 {inii saglamaktadir (Anonim 2022). Bu
iiretim yildan yila da artig gostermektedir.

Farkli iklim kosularina uyum ceviz g¢esitlerine gore degismektedir. 400 ila 1800 saat arasinda soguklama
gereksinimi olan cevizin deniz seviyesinden 1700 m yiikseklige kadar yetistiriciligi yapilabilmektedir (Akga,
2001; Siityemez ve ark. 2021). Nitekim, Bayazit ve ark. (2020) Akdeniz bdlgesi sahil seridinde de ceviz
yetistirildigini, ancak diisiik yiikseltilerde yiiksek yaz sicakliklarina bagli olarak meyvenin yesil kabuklarinda
yanma ve i¢ cevizlerde kararmalarin olustugunu bildirmektedir. Benzer sekilde Miletic ve ark. (2009) meyve
agaclarinda verim ve meyve kalitesi iizerine kiiltiirel uygulamalarin etki etmesine karsilik, ana etkinin
ekolojik kosullar oldugunu belirtmektedir. Meyve kalitesine ekolojinin etkisi bilinmektedir. Nitekim sert
kabuklu meyve tiirlerinde meyvenin fiziksel ve kimyasal 6zellikleri {izerine ekolojinin etkisinin arastirildigi
bir¢ok arastirma bulunmaktadir (Parcerisa ve ark. 1995; Agar ve ark.1995; Balci1 2002). Sicaklik ise ceviz
meyve kalitesini etkileyen en 6nemli ekolojik faktor olarak belirtilmektedir (Sen 1986; Akca 2001). Stoickov
(1967) diisiik sicaklik ve serin riizgarlarin cevizde meyvenin fiziksel ve kimyasal 6zelliklerine ve morfolojik
gelisimine olumsuz etki ettigini bildirmektedir. Balc1 (2002) cevizde rakimin meyve kalitesini etkiledigini,
yiikseklik arttikca meyve kalitesinin diistiigiinii bildirmistir.

Artan ceviz Uretiminin devam etmesi, ekolojik kosullara uygun ceviz cesitlerinin belirlenmesi ve
Onerilmesine baghdir. Bu arastirmanin amacimi da 77H1, KR2, Sebin, Sen 1 ve Tokat 1 ceviz ¢esitlerinin
Hatay, Kahramanmaras ve Yalova ekolojilerindeki fiziksel ve kimyasal ozelliklerinin belirlenmesi
olusturmustur.

MATERYAL ve METOD

Denemede materyal olarak farkli yiikseklik ve iklim 6zelliklerine sahip Hatay, Kahramanmaras ve Yalova
(Tablo 1) olmak tizere 3 farkli ekolojide yer alan 77H1, KR2, Sebin, Sen 1 ve Tokat 1 ceviz gesitleri
kullanilmistir. Ceviz ¢esitleri kendi ¢ogiirleri lizerine asili olup tam verim yasindadir. Aragtirmada kullanilan
agaclara sulama, hastalik ve zararlilarla miicadele, giibreleme gibi kiiltiirel uygulamalar rutin olarak
gergeklestirilmigtir.
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Tablo 1. Deneme alanlarimin iklim verileri

Iklim Parametreleri Yayladagi/Hatay = Kahramanmaras Yalova
Rakim 421 930 5

i OK&! oNK’ oQEInT7N oANINQN 40°39'43"K
Koordinat 35°55'K, 36°05'D  37°35727"K 37°03'28"D 29°17'55"D
Ortalama Sicaklik (°C) 7.6-26.8 4.9-28.5 6.5-23.7
Ortalama En Yiiksek Sicaklik (°C) 11.1-36.8 8.3-36.1 9.9-28.4
Ortalama En Diisilik Sicaklik (°C) 4.2-22.3 1.3-21.9 3.2-18.2
En Yiiksek Sicaklik (°C) 20.5-43.9 47.5 25.0-45.4
En Diistik Sicaklik (°C) -14.6-15.9 -24.9 -9.6-10.0
Yagis (mm) 1103 387.2 749.9

Meyve Ozelliklerinin belirlenmesinde 3 yinelemeli ve her yinelemede 10 adet meyve olacak sekilde toplam
30 meyve kullanilmigtir. Ceviz gesitlerine ait meyvelerde ortalama kabuklu ceviz agirligi (g), eni (mm), boyu
(mm) ve yiiksekligi (mm), kabuk kalinligi (mm), i¢ ceviz agirligi (g) ve randiman (%) 6lglimleri Bayazit’a
(2000) gore gergeklestirilmistir.

Denemede kullanilan ceviz genotiplerinin meyvelerindeki renk ol¢timleri Renk olger yardimiyla (Minolta
CR-300 Chromometer) gergeklestirilmis L*, a, b, C, h cinsinden ifade edilmistir. Renk degerlerinde, ‘L’
rengin parlakligindaki degisimi (L; 0 siyah, 100 beyaz), ‘a’ yesilden kirmiziya renk degisimini (‘+” degerler
kirmizi, ‘-¢ degerler yesil), ‘b’ saridan maviye renk degisimini (‘+ degerler sari, ‘-* degerler mavi), ‘C’
rengin yogunlugunu ve ‘h® rengin ag¢i degerini (0; kirmizi-90° sari, 180° mavimsi-yesil, 270° mavi)
gostermektedir (Zerbini ve Polesollo, 1984).

Yag orani (%) Soxholet cihazinda Akyliz ve Kaya (1992)’ya gore saptanmistir. Yag tayininden sonra ceviz
cesitlerinde yag asidi kompozisyonunu belirlemek amaciyla esterlestirme islemi yapilmis (IUPAC 1989) ve
yag asitleri gaz kromatografisi ile saptanmistir. Yag asitleri analizleri, Hewlett Packard 6890N gaz
kromatografisi (Agilent, ABD) ile alev iyonizasyon dedektori (FID) ve Spelco 2380 (60m x 20 um; 0.2 pm)
kapiler kolon (Supelco, Bellefonte, PA, ABD) kullanilarak yapilmistir. Analiz asamasinda ¢ikan pikler,
standarttan yararlanarak pikin zaman ve alan hesaplamasi ile kompozisyonlar1 belirlenmis ve sonuclar % yag
asidi olarak verilmistir. Protein oran1 (%) ise Kjeldahl metoduna gore (Kacar, 1984) azot tayini yapilmis ve
belirlenen azot miktar1 6,25 ile ¢arpilarak protein oranlar1 hesaplanmustir.

BULGULAR ve TARTISMA

Ceviz gesitlerinin farkli illerdeki meyve ozellikleri Tablo 2’de verilmistir. Tabloden de goriilebilecegi gibi
kabuklu ve i¢ ceviz agirliklari, i¢ ceviz orani, meyve boyutlari beklenildigi gibi ¢esitlere gore degismekle
birlikte illere gore de degismistir. Hatay ve Yalova illerinde en yiiksek kabuklu ceviz agirhigi 77H1
genotipinden (17.89 g; ve 16.03 g) elde edilirken, Kahramanmaras ilinde KR2 ve Sen 1 (17.60 g ve 16.67 g)
cesitlerinden elde edilmistir. Denemenin yiiriitiildigi 3 ilde de en diisiik kabuklu ceviz agirligi Tokat 1
cesidinden elde edilmis, bu ¢esidin ortalama kabuklu meyve agirlig1 3 farkli ekolojik kosulda da 10 gramin
altinda gerceklesmistir.

I¢ ceviz agirhiklan da gesitlere gore degismis, Hatay ve Kahramanmaras ilinde en yiiksek deger (8.78 g ve
8.34 g) Sen 1 gesidinden elde edilirken, Yalova ilinde en yiiksek i¢ ceviz agirhigr 7.33 g ile KR2 ¢esidinden
elde edilistir. I¢ ceviz oran1 beklenildigi sekilde cesitlere gore degismekle birlikte ekolojilere gore de farklilik
gostermistir. Nitekim, Tokat 1 ¢esidi Hatay ilinde %61.37°1ik i¢ orani ile 6teki gesitlere kiyasla en yiiksek i¢
oranina sahip olurken, Tokat 1 ¢esidi i¢in bu deger Kahramanmarag ilinde %52.25, Yalova ilinde de %53.24
olarak gerceklesmistir. Meyve boyutlar cesitlere gore degistigi gibi, yetistirildikleri ekolojilere gore de
degismistir (Tablo 2).

Denemenin yurutildugii ¢ il ortalamasi olarak ceviz cesitleri degerlendirildiginde g¢esitlerin genetik
ozelliklerini sergiledikleri goriilmektedir. Beklenildigi sekilde kabuklu ceviz agirlig1 agisindan 3 il ortalamasi
en yiksek cesit 15.84 g ile 77H1, 15.33 g ile KR2 ve 15.08 g ile Sen 1 gesitleri olurken, kabuklu ceviz
agirligi ortalamasi en disiik gesit 8.78 g ile Tokat 1 olmustur. Kabuklu meyve boyutlarinin kabuklu meyve
agirligina paralel gerceklestigi de goriilmiistiir. 3 ilin i¢ ceviz agirligi ortalamasi en disiik Tokat 1 ¢esidinde
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(4.90 g) olurken, en yiiksek Sen 1 ¢esidinde (7.60 g) olmus, KR2 ¢esidinde de i¢ ceviz agirliginin yiiksekligi
dikkat ¢ekmistir. Tokat 1 ¢esidinde i¢ orani ortalamasi 6teki ¢esitlere kiyasla yiiksek (%55.62) olurken, 77H1
genotipinde i¢ oraninin diisiik oldugu (%42.03) goriilmistiir. Sert kabuklu meyve tiirlerinde kabugun ince ve
yeterinde de dayanikli olmasi istenilmektedir. Gergeklestirilen olgiimler sonucunda kabuk kalinliklar
ortalamasi cesitlere gore degismistir. 77H1 ¢esidinde kabuk kalinligi yiiksek olurken (1.74 mm), Tokat 1
cesidinde diislik (1.43 mm) gergeklesmistir. Denemede yer alan oteki ceviz gesitlerinin 3 il igin kabuk
kalinlig1 ortalamasi verilen degerler arasinda dagilim gostermistir.

Ekolojik kosullar ceviz cesitlerinin meyve Ozellikleri tizerine etkili olmus, meyve 6zelliklerine iliskin en
yiiksek degerler Akdeniz iklim kosullarina sahip Hatay ilinden elde edilmistir. Ortalama meyve agirlig
Hatay ilinde 14.31 g olurken, bu deger Iliman iklim kosullarina sahip Kahramanmarag’ta 12.72 g ve
Yalova’da 12.15 g olarak belirlenmistir. I¢ ceviz agirlig1 ortalamalar istatistiki olarak énemli olmus, Hatay
ilinde 7.20 g, Kahramanmaras ilinde 6.43 g ve Yalova ilinde 5.78 g olarak elde edilmistir. i¢ ceviz oram
Hatay ilinde %50.54 olurken, Kahramanmaras ve Yalova illerinde yakin olmus ve sirasiyla %48.20 ve
%48.41 olarak gerceklesmistir.

Ortalama meyve agirliginda oldugu sekilde meyve eni, boyu ve yiiksekligi degerleri de Hatay ilinde daha
yiiksek olmustur. Buna karsilik Kahramanmaras ve Yalova illerinde meyve boyutlarina iliskin degerlerin
ortalamalar1 arasindaki farkliliklar istatistiki olarak 6nemsiz olmus, degerler cok yakin elde edilmistir.
Degerler yakin olmakla birlikte Yalova ilinde kabuk kalinliklar1 6teki illere kiyasla ince olmustur.

Tokat 1 ceviz ¢esidinde kabuklu ceviz agiliginin diisiik oldugu, bu ¢esidin denemenin yiiriitiildiigi 3 ilde de
ticari bir ceviz ¢esidinin minimum agirligt olan 10 g’in (Celebioglu, 1985) altinda kaldig1 goriilmektedir.
Denemede yer alan ceviz gesitlerinden elde edilen meyve Ozelliklerinin 6teki arastirmalarin sonuglar ile
yakin oldugu gorilmektedir. Tosun ve Akgay (2005) Yalova ekolojik kosullarinda kabuklu ve i¢ ceviz
agirliklarint 77H1 ¢esidi igin 19.70 g ve 9.10 g; Sebin ¢esidi i¢in 12.20 g ve 6.05 g, Tokat 1 ¢esidi i¢in 9.95 g
ve 5.11 g ve Sen 1 ¢esidi i¢in de 10.40 g ve 5.37 g olarak bildirmistir.

Bakkalbags1 ve ark. (2010) Yalova Atatiirk Merkez Arastirma Enstitlisiinden 2004 yilinda temin ettikleri
Sebin ve Sen 1 cesitlerinde ortalama meyve agirligmi 8.98 g, ve 17.28 g olarak bildirmislerdir. I¢ ceviz
agirlign ve randiman Sebin c¢esidinde 5.40 g ve %59.54, ve Sen 1 cesidinde de 7.79 g ve %44.90 olarak
belirtilmistir.

Bilgin ve ark. (2018) bazi1 ceviz gesitlerinin Menemen ekolojik kosullarinda meyve 6zelliklerini saptadiklar
arastirma sonucunda Sen 1 ve Sebin cesitlerinde ortalama meyve agirliginin 16.62 g ve 10.42 g, i¢ agirliginin
7.25 ve 3.65 g, i¢ oranimin %43.70 ve %35 oldugunu bildirmislerdir. Kabuk kalinliklarini 1.42 mm ve 1.36
mm olarak belirten arastiricilar meyve eni, boyu ve yiiksekligi degerlerini de 39.39 mm ve 34.61 mm, 39.93
mm ve 37.66 mm, 42.09 mm ve 32.44 mm olarak belirtmislerdir.

Kiiltiirel islemlerin oldugu kadar ekolojinin de meyve kalitesi iizerine etkisinin oldugu bilinmektedir.
Ozellikle yiikseltinin gerek fiziksel, gerekse kimyasal ozellikler iizerine etili oldugu da bildirilmektedir.
Koyuncu ve ark. (2004) 300 ve 1200 m yiiksekliklerde kabuklu ceviz agirliklarini ceviz gesitlerine gore
degistigini, disiik rakimdan elde edilen kabuklu ceviz agirliklarinin daha yiiksek oldugunu bildirmislerdir.
Gergeklestirmis oldugumuz arastirmada diisiik rakimli Hatay ilinden elde edilen verilerin yiiksekligi verilen
aragtirma sonucu ile uyumlu goriilmektedir. Buna karsilik daha diisiik rakimda yer alan Yalova’dan elde
edilen sonuglarin diistikligii dikkat ¢ekmistir. Yalova ilimim deniz seviyesinde olmasina karsilik Hatay ve
Kahramanmaras illerine gore daha kuzey enlemlerinde yer almasi ve iliman iklime sahip olmas: dikkate
alinmalidir.
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Tablo 2. Bazi ¢eviz ¢esitlerinin farkli illerdeki meyve kalite ozellikleri

Kabuklu ceviz Kabuk i¢c Ceviz
Hatay Agirhg Eni Boyu Yiiksekligi Kahnhg1  Agirhg Randiman
()] (mm) (mm) (mm) (mm) (9) (%)
77H1 17.89 a 36.03 b 48.29 a 40.39a 1.76 a 7.59 b 42.49¢g
KR2 15.01 be 36.32b 43.89 sb 38.55b 147b 7.22 be 4741c
Sebin 13.32¢ 3241c 40.16 b 34.02¢ 1.72a 6.64 c 50.28 bc
Senl 16.17ab 37.25a 38.15 hc 40.37 a 1.49b 8.78 a 54.33b
Tokat 1 9.49d 28.07d 34.32 c 31.37d 1.39b 5.81d 61.37 a
1.87 0.87 6.50 0.78 0.13 0.80 4.83
Kahramanmaras )
T7TH1 13.61b 3394 c 45.86 a 36.33b 1.75b 5.70¢c 4249 ¢
KR2 1760 a 38.47a 40.28 n 40.28 a 1.85a 752b 42,76 ¢
Sebin 9.64 c 32.00d 36.34d 31.20¢ 1.25d 5.95¢ 62.01a
Senl 16.67 a 36.11b 38.84c 39.45a 153¢c 8.34 a 50.16 b
Tokat 1 8.87c 26.94 e 34.63 e 30.41c 1.53¢c 4.63d 52.25Db
1.46 0.85 0.74 0.92 0.08 0.58 2.54
[Yalova (Y
7T7TH1 16.03 a 34.75b 4493 b 3791a 1.73a 6.60 b 41,108 b
KR2 1354 b 37.56 a 50.03 a 38.34a 1.64 ab 7.33a 54.72 a
Sebin 10.81c 30.75¢ 38.59d 3160c 1.53b 5.02d 46.24 a
Senl 1240b 34.08 b 41.10c 34.89b 1.58 b 5.66 ¢ 45.83 b
Tokat 1 7.99d 26.47d 34.16 e 29.55d 137¢c 425¢e 53.24a
1.54 1.06 1.91 1.42 0.12 0.48 6.08
iller ortalama
Hatay 1431a 34.66 a 40.96 ab 36.94a 156a 7.20a 51.18 a
K.Marag 13.28 ab 33.49a 39.19b 35.53 b 1.58 a 6.43 b 49.94 a
Yalova 12.15b 32.72b 41.76 a 34.46 ¢ 157a 5.78 ¢ 48.22 a
1.18 0.68 2.03 0.97 0.10 0.52 3.82
Cesit ortalama
7T7TH1 1584 a 3491c 46.36 a 38.21a 1.74 a 6.63 b 42.03¢c
KR2 1533 a 37.45a 4473 a 39.06 a 1.65ab 7.36a 48.30b
Sebin 11.25b 31.72d 38.36 b 32.27hb 1.50 ¢ 5.87¢c 52.84 ab
Senl 15.08 a 35.81h 39.36 b 38.23a 1.54 be 7.59 a 50.10 b
Tokat 1 8.78 ¢ 27.16 e 34.37¢c 3044 ¢ 1.43¢c 4.90d 55.62 a
1.52 0.89 2.63 1.26 0.13 0.66 4.94

Renk ceviz i¢in 6nemli kalite kriterlerindendir ve i¢ ceviz renginin acik olmasi istenilmektedir. Yiiksek yaz
sicakliklarinin i¢ cevizde kararmalara neden olmasi nedeniyle yiiksek yaz sicakliklar ceviz yetistiriciligi i¢in
belirleyici olmaktadir. Nitekim, Sen (2011), 35°C ve tlizeri sicakliklarin i¢ cevizlerde kararmalara neden
oldugunu bildirmektedir.

Denemede yer alan ceviz gesitlerinde i¢ ceviz renk degerleri ceviz c¢esitlerine ve illere gore degismistir.
Cevizde i¢ rengin acikliginin gostergesi olan L, b ve h degerlerinin yiiksek olmasidir. Bu ac¢idan denemede
yer alan ceviz cesitleri iller bazinda degerlendirildiginde Hatay ilinde en yiiksek L (41.88), b (24.67) ve h
(68.58) degerleri KR2 genotipinden elde edilmistir. Yine Sebin ¢esidinde de Hatay ili ekolojik kosullarinda
i¢ cevizlerin agik oldugu goriilmiistiir. Buna karsilik Tokat 1 ceviz ¢esidinde i¢ ceviz (L, b ve h degerleri
sirastyla; 29.51, 19.13, 55.69) oteki cesitlere kiyasla daha koyu renge sahip olmustur. Buna karsilik
Kahramanmaras ilinde Tokat 1 ¢esidinde i¢ ceviz rengi (L, b ve h degerleri sirasiyla; 48.35, 31.28, 72.08)
oteki gesitlerden daha agik olmustur. Yalova ilinde ise en acik i¢ cevizler 77H1 ¢esidinden (L, b ve h
degerleri sirasiyla; 44.17, 35.30, 73. 58) elde edilirken, Sebin ve Sen 1 ¢esitlerinin de i¢ cevizlerinin agik
renkte olduklar1 belirlenmistir.

Denemenin yiirttildiigi 3 ilin ortalamasi olarak ceviz ¢esitleri degerlendirildiginde 77H1 genotipinde (L, b
ve h degerleri sirastyla; 39.83, 30.94. 69.69) i¢ rengin oOteki cesitlere kiyasla daha agik oldugu goriilmektedir.
Denemede yer alan cesitler igerisinde en koyu ice sahip olan gesit ise Tokat 1 (L, b ve h degerleri sirastyla;
37.87, 24.87. 64.25) olmustur.

Ekolojinin bitki tiir ve ¢esitleri izerine olan etkisi gerceklestirilen bu arastirmada net bir sekilde goriilmiistiir.
Yiiksek yaz sicaklilarinin i¢ cevizlerde kararmaya neden oldugu degisik arastiricilar tarafindan ortaya
konulmustur. Arastirmanin yuriitiildiigli Hatay ili Tiirkiye’nin en giineyinde yer almakta ve Subtropik iklime
sahip olmasi nedeniyle de yaz aylarinda sicakliklar ¢ok yiiksek seyretmektedir. Bunun sonucu olarak ta
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yetistiricilik 700 m ve alt1 yiikseltilerde yapiliyorsa i¢ ceviz renklerinde koyulagsmalar meydana gelmektedir.
Nitekim, gerc¢eklestirilen renk dl¢timleri sonucunda 6teki illere kiyasla Hatay ilinde i¢ ceviz renklerinin koyu
oldugu net bir sekilde goriilmektedir. L, b ve h degerleri Hatay ilinde sirasiyla 33.90, 23.38 ve 63.14 olarak
elde edilirken, bu degeler, Yalova ilinde 38.89, 28.86 ve 68.58 olarak elde edilmistir. Deniz Seviyesinde
olmasina ragmen, iilkenin kuzeyinde yer almasi nedeniyle 1liman 6zellik gostermesi Yalova ilinde de i¢ ceviz
renklerinin daha agik olmasinin nedeni olarak degerlendirilmistir. Benzer sekilde deneme bahgesinin deniz
seviyesinden 1100 m yukseklikte bulundugu Kahramanmaras ilinde de i¢ cevizler denemin yiiriitildigi
oteki illere kiyasla daha acik renkli olmustur. L, b ve h degerleri Kahramanmaras ilinde 42.15, 27.85 ve
69.22 olarak gerceklesmistir.

Renk olgiim sonuglar1 oOnceki arastirmalarin sonuglar ile uyumlu olmustur. Tefek (2016) Kaolin
uygulamasinin bazi ceviz ¢esitlerinde verim ve kaliteye etkisini belirlemek icin Hatay ili Yayladag: ilcesinde
gerceklestirdigi arastirma soncunda yiiksek yaz sicakliklarinin i¢ cevizlerde kararmalara neden oldugunu,
kaolin uygulamasimin meyve yiizey sicakligim diislirmesi nedeniyle i¢ cevizlerin kaolin uygulanmayanlara
gore daha acik olduklarini belirtmistir.

Hatay Yayladagi ekolojisinde gergeklestirilen bir arastirmada i¢ ceviz renkleri 6l¢limiis, en yiiksek L* degeri
‘Sebin’ (41.6) ¢esidinden, en yiiksek a* degeri Kaplan 86 gesidinden (10.97) ve yine en yiiksek C ve h°
degerleri “77H1” (31.0 ve 29.0) gesitlerinden elde edilmistir (Bayazit ve Siimbiil, 2012). Bu arastirmadan
elde edilen degerler arastiricilarin degerleri ile paralellik gdstermektedir. Denemelerin ayni ilde
gergeklestirilmesine ragmen goriillen farkliliklar ise deneme yillarmin farkli olmasi nedeniyle iklim
verilerinin farkli olmasidir.

Tablo 3. Bazi ceviz cesitlerinin farkl illerdeki i¢ ceviz renk degerleri

Hatay ) i¢ Ceviz Rengi
L a b C h°
7T7TH1 32.18¢c 12.53a 28.42 a 31.37a 65.67 ab
KR2 41.88a 8.14 b 24.67 ab 26.34 ab 68.58 a
Sebin 39.75 ab 11.16 a 26.97 a 29.27a 67.39a
Senl 26.23¢c 10.57 a 21.34 bc 22.64b 58.38 bc
Tokat 1 29.51c 11.03 a 17.13 ¢ 20.53b 55.69 c
9.39 2.10 6.36 5.93 7.97
Kahramanmaras®)
T7TH1 43.13b 8.09 b 29.10a 29.60 ab 69.82 a
KR2 39.16 bc 7.84b 24.26 ¢ 25.63¢ 71.68a
Sebin 37.92c 10.46 a 25.99 bc 26.70 ab 63.71a
Senl 42.20 be 8.60 b 28.62 ab 29.93ab 68.79 a
Tokat 1 48.35a 8.60 b 31.28a 31.49a 72.08 a
4.83 1.15 3.08 3.68 10.01
Yalova )
77H1 4417 a 10.57 a 35.30a 36.97a 73.58a
KR2 38.58 ab 6.95b 22.00c 23.32¢ 67.84 ab
Sebin 40.66 ab 10.27 a 30.06 ab 32.26 ab 68.88 ab
Senl 35.27b 11.79 a 30.73 ab 33.14 ab 67.63 ab
Tokat 1 35.76 b 11.63 a 26.20 bc 29.09 bc 64.97 b
5.99 1.69 5.91 5.72 6.33
iller ortalama
Hatay 33.90b 10.69 a 23.38b 26.03b 63.14 b
K. Marag 42.15.a 8.72b 27.85a 28.67 ab 69.22 a
Yalova 38.89a 10.24 a 28.86 a 30.94 a 68.58 a
4.08 0.92 3.03 2.92 3.87
Cesit ortalama
T7TH1 39.83 ab 10.40 a 30.94a 32.65a 69.69 a
KR2 39.85a 7.64b 23.64c 25.10¢c 69.36 a
Sebin 39.44 ab 10.63 a 27.67 ab 29.41 ab 66.66 ab
Senl 3457b 10.32 a 26.89 bc 28.57 bc 64.93 ab
Tokat 1 37.87 ab 10.42 a 24.87 bc 27.01 bc 64.25 ¢
5.26 1.16 5.92 3.76 5.00

Denemede yer alan ceviz ¢esitlerinde protein, yag ve yag asitleri gesitlere ve illere gore degismis,
ortalamalar1 arasindaki farkliliklar istatistik olarak da 6nemli olmustur. En diisiik protein oran1 Hatay ilinde
Sen 1 (%16.56), Kahramanmaras ilinde KR2 (%12.20), Yalova ilinde de Tokat 1 (%14.45) ¢esidinden elde
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edilmistir. En yiiksek protein oranlari ise Hatay ilinde %19.86 ile Sebin, Kahramanmarag ilinde %17.70 ile
Sebin ve Yalova ilinde de 9%21.13 ile Sen 1 gesitlerinden elde edilmistir.

Denemenin yirGtildagi tim illerin ortalamasi degerlendirildiginde KR2 ve Tokat 1 ¢esitlerinde protein
orant (%14.97) diisiik olurken, bu deger Sebin ¢esidinde (%18.76) en yiiksek olmustur. Tiim cesitlerin
ortalama protein oran1 Hatay (%18.33) ve Yalova’da (%16.79) yiiksek, Kahramanmaras ilinde (%14.21) bu
iki ile kiyasla diisiik gerceklemistir.

Cevizi 6nemli kilan en 6nemli bilesenlerden biri igermis oldugu yagdir. Ceviz yaginin %72 ¢oklu doymamis
yag asidi (%59 linoleik, %13 linolenik), %18 tekli doymamis yag asidi (oleik asit) ve %10 doymus yag asidi
(palmitik, stearik) igerdigi bildirilmektedir (Lavendrine ve ark. 1999; Bayazit ve Siimbiil 2012; Aryapak ve
Ziarati 2014).

Gida degeri, depolama ve saglikli yasam agisindan 6nemli olan ceviz yaginin kalitesine igermis olduklar1 yag
asitleri etki etmekte ve gerek toplam protein ve yag igerigi, gerekse yag asitleri kompozisyonu cesitlere ve
cesitlerin yetistirildikleri ekolojik kosullara gore degismektedir. Bu durum ekolojiye gdre gesit segiminin
yaninda, kalite kayiplarin1 azaltmak amaciyla da kiiltiirel islemlerin zamaninda ve dogru yapilmasini zorunlu
kilmaktadir (Beyhan ve ark., 1995; Ozcan ve ark., 2010).

Farkli ekolojik kosullara sahip 3 farkli ilde gergeklestirilen bu arastirmada da verilen degerlerle uyumlu
sonuclar elde edilmistir. Hatay ilinde en diisiik yag oran1 Sen 1 ¢esidinden (%51.23), en yiiksek yag orani
Sebin (%56.52) cesidinden elde edilmistir. Hatay’dan elde edilen sonuglarin aksine Kahramanmarag ilinde
en diisiik deger KR2 ve Tokat 1 gesitlerinden elde edilirken, 77H1, Bilecik ve Sen 1 ¢esitlerinden yiiksek
degerler elde edilmistir. Yalova ilinde ise en diigiik yag oran1 Sen 1 ¢esidinden, en yiiksek deger ise Tokat 1
¢esidinden elde edilmistir.

Denemede yer alan ceviz ¢esitlerinin 3 il i¢in ortalama yag oranlan arasindaki farkliliklar istatistiki olarak
onemli olmus, en diisiik deger %56.42 ile KR2 ¢esidinden, en yiikksek yag orani ise %61.07 ile 77H1
genotipinden elde edilmistir.

Yag oranlari illere gore de degismis, Kahramanmaras (%60.72)) ve Yalova (%61.77) ilinden elde edilen yag
orani Hatay (%53.85) ilinden yliksek olmustur.

Farkli ceviz gesitleri kullanilarak farkli ekolojilerde gerceklestirilen donceki arastirmalarda da yag ve protein
icerikleri belirlenmistir. Pereira ve ark. (2008) gerceklestirildikleri calismada, ceviz cesitlerinde toplam yag
iceriklerinin %68.83 (Marbot) ile %72.14 (Franquette), ham protein igeriklerinin %14.38 (Lara) ile %18.03
(Marbot) arasinda degistigini bildirmislerdir. Bakkalbas1i ve ark. (2010) yaptiklar1 c¢alismada ceviz
cesitlerinde toplam yag iceriklerinin yillara gore degisiklik gosterdigini, ¢esitlerin yag iceriklerinin % 61.47
(Yalova 1) ile %72.56 (Yalova 4); protein iceriklerinin ise % 12.48 (Bilecik) ile %16.90 (Yalova 1) arasinda
degistigini bildirmislerdir. Bayazit ve Stimbiil (2012) Hatay Yayladag: ilgesinde gergeklestirdikleri arastirma
sonucunda yag oranlarmin %51.73 (Malatya 1) ile %56.31 (Kaplan 86) arasinda degistigini, ylirlitmiis
oldugumuz denemede de yer alan ceviz ¢esitlerinden Tokat 1, Sen 1, Sebin, KR2 ve 77H1 genotiplerinde
toplam yag oranlarinin verilen degerler arasinda yer aldigini bildirmislerdir. Arastiricilar 3 yil siireyle
gerceklestirdikleri arastirma sonucunda yag oranlarinin yillara gore de degisiklik gosterdigini belirtmislerdir.
Yal¢in ve ark., (2021) Isparta ekolojik kosullarinda gergeklestirdikleri arastirma neticesinde toplam yag ve
protein oranini Bilecik ¢esidi i¢in %59.92 ve %16.67, Sebin ¢esidi icin %61.99 ve %13.85 olarak
bildirmislerdir.

Gergeklestirilen bu arastirma sonucunda elde edilen toplam yag ve protein oranlar1 dnceki arastirmalarim
sonugclari ile yakin olmustur. Arastirma sonuglar1 arasindaki farkliliklarin bitki yasi, meyve yiikii, uygulanan
kiiltiirel islemlerden kaynaklanabilecegi diisiiniilmektedir. Nitekim, meyvelerde biyokimyasal igerikleri
Uzerine genetik yapinin yani sira agacin yasi, kiiltiirel uygulamalar, hastalik ve zararlilar, ekolojik kosullar ve
bitki {izerindeki meyve sayisinin da etkili oldugu bildirilmistir (Bayazit ve ark. 2020).

Denemede yer alan ceviz gesitlerinde temel yag asitlerinden palmitik, stearik, oleik, linoleic ve linolenik asit
oranlar1 belirlenmis elde edilen sonuglar Tablo 3’de verilmistir. Tabloden de goriilecegi gibi yag asitleri
oranlar1 denemede yer alan ceviz gesitlerine ve yetistikleri illere gore degisiklik gostermistir.
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Palmitik asit Hatay ilinde %5.44 (KR2) ile %7.27 (77H1), Kahramanmaras ilinde %8.03 (Sen 1) ile %9.86
(77H1) ve 9.70 (Sebin) ve Yalova ilinde de 7.21 (Tokat 1 ve KR2) ile 8.51 (77H1) arasinda degismistir.

Stearik asit oran1 Hatay ilinde KR2 ¢esidinde (%3.04) yiiksek olurken, tiim cesitlerden elde edilen degerler
istatistiki olarak benzer olmustur. Kahramanmaras ilinde Sen 1 ¢esidinde (%4.08) ve Yalova ilinde de Sebin,
77H1 ve Tokat 1 (%4.19, 4.09 ve %4.13) gesitlerinde Stearik asit orani yiiksek olmustur.

Oleik asit oran1 Hatay ve Kahramanmaras illerinde KR2 (%34.62 ve %29.60 ) ve Sen 1 (%32.37 ve %28.80)
cesitlerinde yiiksek olurken, Yalova ilinde de KR2 (%26.42) ¢esidinde yiiksek olmustur.

Linoleik asit oran1 Hatay ilinde Tokat 1 (%62.56) ¢esidinde yiiksek olurken, KR2 (%49.16) ¢esidinde diisiik
olmustur. Kahramanmaras ilinde Sebin (%50.16) cesidinde yiiksek, KR2 (%46.02) cesidinde diisiik
bulunmustur. Yalova ilinde en yiiksek deger Sen 1 (%59.59) ¢esidinden elde edilirken, en diisiik deger KR2
(%50.91) gesidinden elde edilmistir.

Linolenik asit igerigi ise Hatay ilinde Sebin g¢esidinde (%9.29) en yiiksek olurken, bu deger en diisiik 77H1
¢esidinden (%7.31) elde edilmistir. Bu ilde Sen 1 (%7.64) ¢esidinde de Linolenik asit i¢erigi diisiik olmustur.
Kahramanmaras ilinde en yiiksek deger 77H1 (%13.82) ve Sebin (%13.98) ¢esitlerinden elde edilirken, bu
oran Sen 1 (%11.33) cesidinde oteki gesitlere kiyasla diisiik gergeklesmistir. Yalova ilinde ise en yiiksek
diger Tokat 1 (%14.09) ¢esidinden elde edilirken, en diisiik deger KR2 (%11.98) ¢esidinden elde edilmistir.

Beklenildigi sekilde denemenin yiiriitiildiigi illerin farkli ekolojik kosullara sahip olmasi nedeniyle ceviz
cesitlerinden elde edilen protein, yag ve yag asitleri oranlari illere ve gesitlere gore degismistir. Bu durum
ekolojinin genetik yap1 {izerine olan etkisini gostermektedir.

Yag asitleri cesitler bazinda degerlendirildiginde ortalamalarin farklilik gosterdigi goriilmektedir. En diistik
ve en yiiksek Palmitik asit oranlar1 %7.03 (KR2) ile %8.55 (77H1) arasinda degismistir. Stearik asit orani
tiim gesitlerde yakin olmustur. Oleik asit oran1 Srbin ¢esidinde en diisiik (%22.07), KR2 ¢esidinde (%30.21)
em yiiksek olmustur. Linoleik asit oran1 KR2 g¢esidinde (%48.69) diisiik, Sebin (%54.14) ve Tokat 1
(%55.21) cesitlerinde yiiksek olmustur. Linolenik asit oran1 da denemede yer alan ceviz ¢esitlerinde yakin
olmustur.

Yag asitlerinde il ortalamalart da degismistir. Doymus yag asitlerinden Palmitik ve Stearik asit
Kahramanmaras ilinde (%9.03 ve %3.79) yiiksek olmustur. Belirtilen yag asitlerinin Yalova ilinde de
yiiksekligi dikkat ¢ekmistir. Oleik asit oran1 Hatay ilinde (%27.92) yiiksek olurken, Kahramanmaras
(%26.17) ve Yalova illerinde (%20.81) diisiik olmustur. Coklu doymamis yag asitlerinden Linoleik ve
Linolenik asit oranlar illere gore degismis, en yliksek degerler sirasiyla %54.63 ve %13.14 olarak Yalova
ilinden elde edilmistir. Linoleik asit oraninin Hatay ilinde de yiiksek oldugu (%54.06) goriiliirken, Linolenik
asit oran1 (%8.12) oteki illere gore diisiik elde edilmistir. Bu degerler Kahramanmarag’ta da %48.24 ve
%12.74 olarak gergeklesmistir.

Toplam protein ve yag oranlarinda da oldugu sekilde yag asitlerinin illere gore degismesinde ekolojnin etkisi
goriilmektedir. Bununla birlikte yag analizlerine iligkin elde edilen sonuglar cevizde gerceklestirilmis 6nceki
aragtirmalarin sonuglart ile kiyaslandiginda elde edilen degerlerin optimum oldugu goriilmektedir. Nitekim,
Bayazit ve Siimbiil (2012) Hatay ekolojik kosullarinda benzer cesitlerle 3 yil siireyle gerceklestirdigi
arastirma sonucunda yag asitleri oraninin yillara ve gesitlere gore degistigini bildirmislerdir. Arastiricilar
Palmitik asit oraninin %6.98 (Malatya 1) ile %8.77 (77H1) arasinda degistigini, en yiiksek oleik asit oraninin
65/4 (36.76 %), KR2 (34.03 %) ve Sebin (34.01 %) cesitlerinden elde edildigini buna karsilik en diisiik
degerin ise Tokat 1 ve Malatya 1 gesitlerinden (%21.09 ve %19.33) elde edildigini bildirmiglerdir. Linoleik
asit oran1 %41.55 (65/4) ile %59.89 (Malatya 1) arasinda degismis, en yiiksek Linolenik asit oran1 Tokat 1 ve
65/4 genotiplerinden (%11.0 ve %10.10), en diisiik deger ise Sebin ¢esidinden (%8.44), en yiiksek stearik
asit oran1 Kaplan 86 (4.49 %), 65/4 (%4.11),en diisiik stearik asit orani ise Malatya 1 ¢esidinden (3.22%)
elde edilmistir. Bilgin ve ark (2018) Menemen ekolojik kosullarinda gerceklestirdikleri aragtirma sonucunda
Sen 1 ve Sebin gesitleri igin Palmitik asit oranini %6.59 ve %6.56; Stearik asit oranini %3.44 ve %3.19,
Oleik asit oranin1 %21.70 ve %15.01, Linoleik asit oranim1 %58.28 ve %61.69 ve Linolenik asit oranim1 da
%9.63 ve %12.69 olarak bildirmislerdir.
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Tablo 4. Bazi ¢eviz gesitlerinin farkly illerdeki kimyasal ozellikleri

Hatay ) Palmitik  Stearik Oleik Linoleik Linolenik  Yag (%) P;g/fg'“
77H1 7.27a 2.76a 26.45 ac 56.10 ab 7.31a 52.93 ab 19.26 a
KR2 5.44 b 3.04a 34.62 a 49.16 b 7.70 a 55.05 ab 17.44 a
Sebin 5.87b 291a 25.86 bx 56.05 ab 9.29a 56.52 a 19.86 a
Senl 6.36 ab 2.98a 32.37 ab 51.43b 7.64a 51.23b 16.56 a
Tokat 1 5.68 b 2.82a 20.28 ¢ 62.56 a 8.64a 53.52 ab 18.52 a
1.29 0.65 8.50 7.30 2.64 3.99 3.40
Kahramanmaras )
77H1 9.86 a 3.92ab 22.71b 49.68 a 13.82 ab 65.06 ab 15.56 ab
KR2 8.46 ¢ 3.69 ab 29.60 a 46.02b 12.22 be 54.84 c 12.20c
Sebin 9.70 a 3.77 ab 22.36 b 50.16 a 13.98a 62.06 b 17.70 a
Senl 8.03¢ 4.08a 28.80 a 47.73 ab 11.33¢c 66.63 a 13.65 bc
Tokat 1 9.12b 3.52b 27.39a 47.63 ab 12.33 bc 54.99c 1297 ¢
0.54 0.47 2.60 3.06 1.64 3.19 2.34
Yalova ¥)
77H1 8.51a 419a 22.59b 50.98 ¢ 13.72 ab 65.21 ab 14.359 ¢
KR2 7.21c 347b 26.42 a 5091 c 11.98 b 59.37 bc 15.273 ¢
Sebin 8.25 ab 4.09a 18.00 cd 56.22 b 1343 ab 61.69 b 18.734 b
Senl 7.59 be 3.63ab 16.92d 59.59 a 12.33 ab 53.86 c 21.135a
Tokat 1 7.21c 4.13a 20.11 bc 55.45 Db 1493 a 68.75 a 14.453 ¢
0.82 0.61 2.87 2.07 1.91 5.93 2.26
iller ortalama
Hatay 6.13 ¢ 290b 2792 a 55.06 a 8.12b 53.85b 18.33a
Kahramanmaras 9.03a 3.79a 26.17 a 48.24b 12.74 a 60.72 a 1421b
Yalova 7.76 b 3.90a 20.81c 54.63 a 13.11a 61.77 a 16.79 a
0.43 0.26 2.89 2.67 0.87 3.59 1.59
Cesit ortalama
77TH1 8.55a 3.62a 23.91 bc 52.25a 11.61ab 61.07a 16.39 bc
KR2 7.03¢c 340a 30.21a 48.69 b 10.63 bc 56.42 b 14.97c
Sebin 7.94b 3.59a 22.07c 54.14 a 12.23a 60.09 ab 18.76 a
Senl 7.33¢c 3.56 a 26.03b 52.92 a 1043 ¢ 57.24 ab 17.11 ab
Tokat 1 7.33¢C 3.49 a 22.59 be 55.21 a 11.68 ab 59.08 ab 14.97 ¢
0.55 0.33 3.72 3.45 1.12 4.52 2.05

SONUGC

Bu arastirma farkli ekolojilerin bazi ceviz gesitlerinde meyvenin fiziksel ve kimyasal 6zelliklerine etkisinin
belirlenmesi amaciyla gergeklestirilmistir. Gergeklestirilen bu arastirma sonucunda ceviz g¢esitlerinde
meyvenin fiziksel Ozelliklerinin ekolojiden ziyade genetik yapinin etkisinde oldugu, cesit ozelliklerini
gosterdigi belirlenmistir. Bununla birlikte, ekolojik kosullarinda meyvenin fiziksel ve kimyasal 6zelliklerine
etki ettigi, ortalama meyve agirligi, eni, ylksekligi, i¢ ceviz agirligl ve i¢ ceviz oraninin Subtropik iklime
sahip Hatay ilinde yliksek oldugu goriilmiistiir. Denemede yer alan ceviz genotiplerinde i¢ renk bariz sekilde
ekolojiden etkilenmis, yaz sicakliklarini yiiksek oldugu Hatay ilinde i¢ ceviz renkleri koyu olmustur. Bu
denli yaz sicakliklarinin yiiksek oldugu alanlarda i¢ cevizlerde kararmanin 6nlenmesi i¢in kaolin gibi giines
isinlarii yansitict maddelerin kullanilmasi gerekmektedir. Yag oram1 Kahramanmarag ve Yalova, protein
oran1 Hatay ilinde yiiksek elde edilmistir. Yag asitlerinin de Kahramanmarag’ta yliksek oldugu goriilmiistiir.
Ceviz meyvelerinin yag ve protein igerigi beslenme kosullarindan etkilenmektedir. Bu nedenle denmede yer
alan ceviz cesitleri igin illere gore giibreleme programlarinin olusturulmasi igin ilave arastirmalarin
yapilmasi da 6nemli goriilmektedir.

CIKAR CATISMASI
Yazarlar herhangi bir ¢gikar ¢atismasi olmadigini tasdik ederler.
YAZAR KATKISI

Tiim yazarlar esit katki saglamstir.
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ETiK BEYAN

“Bazn Ceviz Cesitlerinde Meyve ve Kimyasal Ozelliklerin Ekolojilere Gore Degisimi” bashkl
¢alismanin yazim siirecinde bilimsel kurallara, etik ve alint1 kurallarina uyulmus; toplanan veriler {izerinde
herhangi bir tahrifat yapilmamis ve bu ¢aligma herhangi bagka bir akademik yayin ortamina degerlendirme
icin gonderilmemistir. Caligmammzda herhangi bir canliya ait veri bulunmadigindan etik kurul izni
gerekmemektedir.
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= MAKALE
OZET BILGISi
Bu c¢aligmada kiiresel 1sinmanin hayvancilik sektoriindeki etkisine deginilerek; ciftlik hayvanlarinda Gelis:
stiri saghigi ve verimliligine mevcut etkileri ve potansiyel riskleri incelenmistir. Kiiresel 1sinma 08.11.2023
oncelikle tarim ve hayvancilik sektoriinii ve dolayisiyla insanlari etkileyen giliniimiiziin en ciddi

sorunlarindan biridir. Hayvancilik sektorii; sosyal ve ekonomik faydasinin yani sira hayvansal protein Kabul:

kaynag1 olmasi ile de gida giivenligi ve giivencesine katki saglamaktadir. Hayvan tiirlerinden elde 03.01.2024
edilen ekonomik 6neme sahip verimler genel olarak cevre faktorlerinden etkilenmektedir. Kiiresel

1sinmanin neden oldugu ani sicaklik degisimleri, mevsim normallerinin iizerinde sicakliklarin ortaya

¢ikmast ¢iftlik hayvanlarinda siirii saghigi ve verimliligini etkileyerek ekonomik kayiplara sebep

olmaktadir. Yerli hayvanlar kisith sartlarda dahi verim elde edilebilen énemli gen kaynaklarimiz ve

biyolojik zenginligimizdir. Kiiresel 1sinma ile ani sicaklik degisimlerinin hayvanlardan alinacak verimi

etkilemesi esas alinarak sicaklik degisimlerine dayanikli hayvanlarin yetistiriciligi ve 1slahi
yayginlagsmalidir. Sonug olarak; hayvan yetistiriciligi faaliyetleri kiiresel 1sinma ile risk altinda olup,

iklim degisikligi ve kiiresel 1sinmanin potansiyel etkileri g6z oniine alinarak yeni énlem ve politikalarin

gelistirilmesi gerekmektedir.

Anahtar kelimeler: Kiiresel isinma, Ciftlik hayvanlari, Ist stresi, Siirii saghgt

The Effect of Global Warming on Herd Health and Productivity in Farm Animals

ARTICLE
ABSTRACT INEO
In this study, we discuss the impact of global warming on the livestock sector, examining the current Received:

effects and potential risks on herd health and productivity in farm animals. Global warming is one of 08.11.2023
the most serious issues affecting agriculture and the livestock industry, and thereby, people today. The

livestock sector contributes to social and economic benefits and plays a crucial role in ensuring food Accepted:
security by providing a source of animal protein. The economic significance of the yields obtained 03.01.2024
from livestock species is generally influenced by environmental factors. Global warming, resulting in

abrupt temperature changes and temperatures exceeding seasonal norms, adversely affects herd health

and productivity in farm animals, leading to economic losses. Domestic animals are important genetic

resources and a biological richness that can yield productivity even under limited conditions. Given

the impact of global warming and sudden temperature fluctuations on animal productivity, the

breeding and selection of heat-resistant animals should be promoted. As a result, livestock farming

activities are at risk due to global warming, and new measures and policies need to be developed

considering the potential effects of climate change and global warming.

Keywords: Global warming, farm animals, heat stress, herd health
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GIRIS

Diinyada savas, pandemi, kuraklik, issizlik vb. gibi insanoglunu gdce tesvik eden faktorlerin yani sira artan
diinya niifusu da gida giivenligini ve giivencesini tehlikeye atmaktadir. Sanayi devrimi ile fabrikalarin
kurulmasi, birim alandan daha fazla iiriin tiretme talepleri ve yiginsal iiretim sonucu meydana gelen atik
sorunu, dogal kaynaklar1 olumsuz etkilemistir (Viana ve ark. 2022). Kontrol edilemeyen niifus artis1 ile
dogru orantili olarak artan gida talebi 6zellikle uluslararasi boyutta gida sorununu ¢ézmeye yonelik yaptirim
ve yatirimlar1 da gerekli hale getirmigtir. Dogaya yapilan insan miidahaleleri sonug olarak “kiiresel iklim
sorunu” olarak ifade edilen giincel bir soruna sebep olmustur (Galip, 2006; Demir, 2009; Ozmen, 2009;
Koyuncu, 2017; Koyuncu ve Akgiin, 2018; Ahmet, 2019).

Gilinlimiizde diinyanin birgok iilkesinde yasanan kirsal alandan kente go¢ sorunu sebebiyle gelismis iilkelerde
niifusun yaklasik %75°1, gelismekte olan iilkelerde ise %50’inin kent ve ¢evresinde yasadig: bildirilmektedir
(Bayrag, 2010). Buna bagli olarak sera gazlarindan CO,, NH, ve N,O gibi bilesiklerin atmosfere salinimi
daha da artmustir(Galip, 2006). Bu sera gazi emisyonlarinin atmosferde artmasi giines 1smlarini absorbe
etmekte ve yeryiizii sicakliginda tedrici artislara neden olmaktadir (Demir, 2009).

Tablo 1. Sera gazlarmmin kiiresel isinmaya etkileri ve emisyon kaynaklar

Sera gazlari Katki oram (%) Emisyon kaynaklari
Co, 50 Fosil yakitlar
Ormanlarin tahribi
Spreyler
CFC 22 Klima ve sogutma sistemleri

Elektronik sanayide kullanilan malzeme
Piring tarlalart

Hayvanlarin sindirim sistemleri
Biyokiitlenin yakilmasi

CH, 14 Cop sahalart
Maden ocaklari
Dogalgaz boru hattindaki kacaklar
Trafik

O; 7 Termik santrallerdeki yanma olaylari

Tropikal ormanlarin yok edilmesi
Suni giibreler
N,O 4 Fosil yakitlar
Naylon iiretimi
Okyanus, deniz, akarsu, goller
Su buhari 3 Termal kaynaklar
Bitki ve hayvanlarin solunum ve terlemeleri

(Edemen ve ark. 2023)

Ekonomik biiylime (sanayilesme) ve niifus artis ile iklim degisikligi sorunu giderek daha 6nemli bir sorun
haline gelmistir (Koneswaran ve Nierenberg 2008;Tol 2009; Basoglu 2014). Hiikiimetler arasi iklim
degisikligi paneli (IPCC), 2018 yilinda yayinladigi raporunda; sanayi devrimi oncesi diinya sicakligimin
yaklasik 1°C artma sebebinin insan aktiviteleri oldugunu ve gerekli tedbirler alinmadigi takdirde ise 2030 ile
2052 yillar1 arasinda 1s1 artisinin 1.5°C’ye ulasacagini 6n gormektedir (Bellek, 2019). Ayrica IPCC’nin
giincel raporlar1 incelendiginde, yirmi birinci yiizy1l boyunca gelecekteki sera gazi emisyonlarina bagh
olarak 1.0 ile 3.7°C sicaklik artis1 olacagi tahmin edilmektedir (Koneswaran ve Nierenberg, 2008; Ozmen,
2009; Anderson ve ark. 2016).

T.C. Cevre, Sehircilik ve Iklim Degisikligi Bakanligi’nin bildirdigine gore; insan aktivitelerinin kiiresel
1sinma tizerine etkisi %49 enerji kullanimindan, %24 sanayiden, %14 ormanlarin yakilmasi ve tahribinden,
%13 ise tarimsal faaliyetlerden kaynaklanmaktadir (Galip, 2006; Ozmen, 2009). Tarim ve hayvanciliktan
kaynakli toplam sera gazi iiretiminin ise sadece %11.9 (62.6 milyon ton) oldugu bildirilmistir (TUIK 2018).
Ciftlik hayvanlarmin yetistirilmesi ve iiretim asamasinda meydana gelen CO, emisyonlariin toplamini
Diinya Gida Orgiitii (FAO) yilda on milyonlarca metrik ton olarak tahmin etmektedir (Steinfeld, 2006).
Hayvansal iiriiniin tiiriine gore yakilan fosil yakit miktar1 degismektedir. Ornegin, 1 kg sigir etinin islenmesi
4.37 MJ veya 1.21 kilovatsaat gerektirirken, 1 diizine yumurtanin islenmesi > 6 MJ veya 1.66 kilovatsaat
gerektirmektedir (Steinfeld, 2006; Koneswaran ve Nierenberg, 2008).
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20. yilizyilin ikinci yarisindan itibaren sera gazlarinin hizla artarak olusturdugu kiiresel 1sinma tiim canlilarin
yasamini tehdit eden doga felaketlerine sebep olmaktadir (Oztiirk, 2002; Galip, 2006). Yagis, nem, hava
hareketleri, kuraklik vb. diger iklim unsurlarinin kiiresel isinmayla beraber degismesi “kiiresel iklim
degisikligi” olarak adlandirilmaktadir (Dogan, 2005; Koyuncu, 2017).

Kiiresel 1sinmadan kaynakli iklim degisikliklerinin ilerleyen siireclerde hayvancilik sektoriinde iiretim ve
verimliligi azaltabilecegi, artan sicakliklarla go¢ mevsimlerinde degisikliklerin olabilecegi, belirli bolgelerde
eradikasyonu saglanan hastaliklarin tekrar goriilebilecegi, enfeksiyon etkenlerinin daha hizli yayilabilecegi
ve hayvanlarin bu enfeksiyonlara cevap verme siirelerinin uzayacagi tahmin edilmektedir. Ayrica kiiresel
1sinma ekolojik dengenin bozulmasi ve biyolojik ¢esitliligin azalmasina neden olacaktir (Ali ve ark. 2020;
Saridzkan ve Kiigiikoflaz, 2020; Balasundram ve ark. 2023).

Hayvansal iiretimde ve yetistirmede kullanilan sistemler tarafindan sera gazi salinmasi ile kiiresel 1sinmaya
katkida bulunan ama ayni zamanda kiiresel 1sinma sonucunda meydana gelen faktdrlerden olumsuz olarak
etkilenen hayvancilik faaliyetleri tehdit altindadir (Naqvi ve Sejian, 2011). Hayvancilikta enterik
fermantasyon ve depolanan giibre nedeniyle olusan CH, ile N,O gazlari sera etkisine neden olmaktadir.

Hayvancilik faaliyetlerinin olumsuz etkilerinin azaltilmasi ve kiiresel 1sinmanin hayvancilik iizerine etkisi
bircok arastirmaci incelemistir (Koneswaran ve Nierenberg, 2008; Kili¢ ve Karaman, 2014; Koyuncu, 2017;
Koyuncu ve Akgiin, 2018; Ahmet, 2019; Wankar ve ark. 2021).

Hayvansal iiretime talep

Iklim degisikliginin tarim ve hayvancilik sektdriinii olumsuz etkilemesinden dolay: Tiirkiye gibi gelismekte
olan iilkelerin ekonomisi daha ¢ok etkilenmektedir (Sariozkan ve Kiigiikoflaz, 2020).

Iklim degisikligiyle bitkisel iiretimin olumsuz etkilenmesi tarim alanlarin1 azaltmakta bu da hayvanlarin yem
ihtiyaclarmin karsilanmasini zorlagtirmaktadir (Mirén ve ark. 2023). Niifusun artisginin aksine bitkisel
iiretimin azalmasi {iretim maliyetlerini artirmaktadir. Hayvancilikta arzin azalip talebin artmasi, olusan bu
talebi karsilamak i¢in canli hayvan ve et ithalatinin artmasina ve iriin fiyatlarinin yiikselmesine sebep
olmaktadir (Basoglu, 2014; Sariozkan ve Kiigiikoflaz, 2020).

Hayvansal kaynakli gidaya artan bu talep hayvancilik sektoriiniin geleneksel yetistiricilikten entansif
yetistiricilige kaymasina zemin hazirlamistir. Ayni zamanda entansiflesen hayvancilik sektorii ile
hayvanciligin sera etkisindeki payr artmistir (Gerber ve ark. 2013; Saridzkan ve Kiigiikoflaz, 2020).
Tiirkiye’de yapilan bir arastirmada (Sariozkan ve Kiigiikoflaz, 2020), toplam 47 870 234 ton CO, gaz
salindig1 hesaplanmistir. Bunun en biiyiik paymi %43.9 ile siit iiretimi olustururken %30.8’ ini kirmiz1 et,
%16.3” linli kanath eti ve geri kalan %9’ unu yumurta {iretimi olusturmaktadir.

Sicaklik degisimlerinin hayvancilik sektoriine etkisi

Son yillarda hayvancilik sektoriinde verimlerin iyilestirilmesi, ¢evrenin uyumlu hale getirilmesi ve beslenme
programlarinin diizenlenmesine yonelik yapilan c¢alismalar hayvanlarda verimi arttirirken, 6te yandan 1s1
stresine kars1 hassasiyetlerini de arttirmistir (Bernabucci, 2019).

Kiiresel 1sinmadan ve iklim degisikliklerinden kaynaklanan zorlu hava sartlar1 hayvanlarin verimlerini
azaltmanin yan1 sira yasama giiglerini de olumsuz yonde etkilemektedir (Koyuncu, 2017). Bu kayiplar hem
ekonomik kayba hem de gerekli besinlerin alimina engel olusturmaktadir. Birgcok arastirma sicak ve nemli
ortamlarin salgin hastaliklarin yami sira ¢iftlik hayvanlarinda strese neden olacagini bildirmektedir
(Puvadolpirod ve Thaxton, 2000; Parsons ve ark. 2001; Lacetera ve ark. 2003; Cinar ve ark. 2006;Dénmez
ve Atalay, 2007, Donmez ve ark. 2007,Akyuz ve ark. 2010; Burger, 2010).Ayrica hayvanlarin iklim
degisikligine uyum siirecinde kiiresel 1sinmanin; bagisiklik sisteminin baskilanmasi, yem tiiketiminde
azalma, canl agirlik kazancinda azalma, sagligin bozulmasi, iireme etkinliginin yavaglamasi ve verimin
diismesi ile birgok davranissal ve metabolik degisimlere sebep olacag belirtilmektedir.
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Tablo 2. Ciftlik hayvanlarinda bazi tiirlere ait canli agirlik ve yasa gore degisen en diisiik ve en yiiksek ¢evre
sicakligr degeri simirlart

Sicaklik degeri smirlari (°C)

En diisiik En yiiksek
Siit¢ii sigirlar -12/-1* 24
Yeni dogan buzagi 8-10 35
Biiyiime ¢agindaki domuz, 35-75 kg 15 25
Sow, boar > 100 kg 10 25
1 giinliik yastaki civciv 32 35
Yumurtact tavuk 16 27-29
Etlik pili¢ 16 26
1 giinliik yastaki hindi palazi 35 38
Yetiskin hindi 16 26

*: En diisiik kritik sicaklik degeri Holstein ve Brown Swiss ki igin -12 °C, Jersey ki igin -1 °C’dir. (Babinszky, 2011)

Ciftlik hayvanlan tiirlere gore degisse de genel olarak sicakligin 10-25 °C oldugu zamanlarda en iyi
performanslarini sergiledigi soylenebilir (Tablo 2). Ortam sicakliginda 30°C’nin iizerindeki her 1°C’lik
artigla sigir, koyun, kegi ve tavuklarin yem tiiketimlerinde ortalama %3-5 diizeyinde bir azalmanin oldugu
ifade edilmektedir (Koyuncu, 2017).

Sicak hava hayvanlarda 1s1 stresine yol acacagi icin hayvanlarda refah problemine neden olabilir. Sicaklik
artislarinin hayvanlar tizerindeki etkisini tedavi etmek yerine siirliyli korumaya yonelik 6dnlemlerin alinmasi
daha kolay, ekonomik ve siirdiiriilebilir bir yoldur. Hayvan barinaklarina yeterli ve kaliteli su, yeterli ve
dengeli beslenme, hayvan basina gerekli alan, golgelikler ve havalandirma uygulamalar1 gibi ¢evre faktorleri
iyilestirilmeli ve kontrollii siirli yonetimi uygulamalar1 gergeklestirilmelidir. Sicaklik artiglarinin hayvanlar
tizerindeki olumsuz etkileri ancak yetistiricinin ilgi, sefkat ve dnlemleri ile minimize edilebilir (Kerr, 2015).

Siit ve besi sigwrlarinda etkisi

Diinya’da her ii¢ kisiden biri hayvansal protein ihtiyacimi sigirlardan kargilamakta iken diinya niifusunun
%17°den fazlas1 ise ekonomik kazanglarini bu tiire ait verimlerden karsilamaktadir (Wu and Etienne,
2021).Yaklasik %50'si tropik bolgelerde bulunan sigirlarin {irettigi sera gazi emisyonu, hayvanciliktan
kaynaklanan toplam emisyonun yaklagik %65’ini (4.6 milyar ton CO, esdegeri) olusturmaktadir. Siit sigir1
isletmelerinin yaklasik %601 kiiresel 1sitnmanin olusturdugu sicaklik stresinden etkilenmektedir (Koyuncu ve
Akgiin, 2018).

Mallonee ve ark. (1985)’1 ineklerin yem tiiketimi oraninin sicak havalarda ve giindiiz saatlerinde, gece
saatlerine gore %56 oraninda azaldigini bildirmiglerdir. Ayni ¢aligmada, agik havada tutulan sigirlarda gece
boyunca yem tiiketimi kapali alanda tutulan sigirlara gére %19 oraninda artmis, genel yem tiiketimi ise %13
daha az olmustur (Bajagai, 2011).

Yiksek verimli sigirlarin zorlu iklim kosullarina uyum cabasi, diisiik 1siy1 tolere etmesi ve iretim
seviyelerinin stresten oOnceki verimlerine donememesi sicaklik stresine duyarliliklarini arttirmaktadir
(Kadzere ve ark. 2002; Spiers ve ark. 2004; Thornton ve ark. 2009). Kiiresel 1sinma ve iklim degisikligi ile
azalan yem tiikketimi %35, sicakligin artmasiyla olusan stres %65 oraninda siit veriminin kalite/kantitesinin
olumsuz etkilenmesine ve laktasyon siiresinin kisalmasina sebep olmaktadir (Klinedinst ve ark. 1993;
Nardone ve ark. 2010; Bajagai, 2011). Siit iireten sigirlarda dretim arttigi i¢in metabolik 1s1 ¢ikist
artacagindan bu sigirlarda sicaklik stresine duyarlilik azalmaktadir. Ornegin, 18.5 ve 31.6 kg/giin siit {ireten
ineklerde metabolik 1s1 ¢ikisi, emzirmeyen ineklere gore %27.3 ve %48.5 daha fazla olmaktadir (Purwanto
ve ark. 1990; Berman, 2005). Ayrica siit iiretimi 35 kg/giin'den 45 kg/giin'e ¢iktiginda 1s1 stresi igin esik
sicaklik degeri 5°C diismektedir (Berman, 2005). Sagmal sigirlarda Temperature humidity index (THI)
degerinin 68'e ulagsmasi hayvanlarin strese girmesine sebep olmakta, 79 ve lizerine ¢ikmasi ise sicaklik
stresini ciddi bir sorun haline getirmektedir (Zimbelman ve ark. 2009). Ayrica yaz aylarinda siit¢ii sigirlarda
stit veriminde ve gebelik oraninda (%36’lik), besi sigirlarinda ise yem alimimin azalmasiyla negatif enerji
dengesinde ve canli agirlik artisinda azalma oldugu saptanmustir (Nardone ve ark. 2010; Bernabucci, 2019).

Sicakligin artmaya baglamasiyla viicut sicakligt ve 1s1 yiikii artmakta, derideki sinyaller hipotalamusa
iletilmektedir. Viicut sicakliginin diizenlenmesi i¢in ¢alisan ter bezleri senkronizatdr gibi rol oynamaktadir.
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Buna destek olarak soluma hizinda ve salya iiretiminde artis sekillenmektedir. Soluma yoluyla saglanan 1s1
kaybr viicut i¢i sicakligini saglamada %15 rol oynadig bildirilmektedir (Alkoyak ve Cetin, 2016).

Artan CO; seviyeleri, sicakligin artmasi ve degisen yagis rejimi besi hayvanlarinin sagligi ve iiretkenligi
tizerinde Onemli bir etki olusturmaktadir (Balasundram ve ark. 2023). Yiiksek sicakliktan kaynakli
hayvanlarda iiretilen tiikiirik miktar1t ve HCOj; icerigindeki azalma rumene giren tiikiiriik miktarini
azaltacagindan yem aliminda diismeye neden olmaktadir. Bu durumda hayvanlarin subklinik ve akut rumen
asidozuna kars1 duyarliliklar1 artmaktadir (Nardone ve ark. 2010). (Wittmann ve ark. 2001)’1na gore, sicaklik
degerlerindeki 2 °C'lik bir artis mavi dil virlisiiniin ana vektorii Culicoides imicola'min 6nemli oranda
yayilma olasiligini arttirdigini ortaya ¢ikarmistir. Hava sicakliginin yiiksek oldugu donemlerde meme bezi
enfeksiyonuna sebep olan patojenlerin hayatta kalma siiresi ve ¢ogalmasinin artmasi mastitise yakalanma
riskini arttirmaktadir (Koyuncu, 2017). Buna yonelik Banglades'te yapilan bir ¢alismada Kaliforniya mastitis
testiyle test edilen ineklerde subklinik mastitis %24-44 oraninda goriilmiis ve bu biiyiiyen siit sigirciligi
isletmelerinde sorun teskil etmistir (Islam ve ark. 2010; Ali ve ark. 2020).

Yem tiiketimil
Ostrojen l

| Prolaktin

- TR
—

Siit verimi l

r e

Resim 1. Kiiresel isinma sonucu artan sicakliklarin sigirlar tizerindeki etkileri

Siit¢ii sigirlarin tiremesi lizerine dogum sonrasi sicaklik stresi Resim 1.”de verilmistir. Kiiresel 1sinmaya bagli
sicakliklardaki artisin neden oldugu 1s1 stresi ile yiiksek bagil nem ya da her iki faktoriin ayn1 anda
etkilenmesi daha kisa kizginlik periyoduna, zayif kizginliga sebep olup; Ostruslarin tespit edilememesinden
dolay1 tohumlamalar arasi siirenin uzamasina, dol veriminde azalmaya ve daha yiiksek andstrus
gostermelerine sebep olmaktadir (Hansen ve Areéchiga, 1999; De Rensis ve Scaramuzzi, 2003; Jordan 2003;
Morton ve ark. 2007; Avendano-Reyes ve ark. 2010). Ayn1 zamanda yiiksek sicaklik ile artan viicut sicakligi
dollenme oraninda diisme, embriyonik gelismede yavaslama ve erken embriyonik 6liimlerde artisa sebep
olmaktadir (Lacetera ve ark. 2003).

Koyun ve kecilerdeki etkisi

Kegilerin yilda yaklagik 5.0 kg metan gazi iirettigi bildirilmistir (Monteiro ve ark. 2018; Van Thu, 2018).
Kiiresel diizeyde farkli cografi alanlara yayiliglarina bakilacak olursa koyun ve kegilerin diger ruminantlarla
karsilastirildiginda ¢evresel stres faktorlerine daha iyi uyum sagladiklar1 goriilmektedir (Demir ve ark. 2022).
Cevre kosullarina uyum saglamada rol oynayan tiroit hormonlarmdan T3 ve T, seviyesinin azalmasi
kegilerde metabolizmay1 yavaslatip enerji liretimini azaltmaktadir (Darcan ve Dagkiran, 2010).

Yem kaynaklarindaki azalma annenin gebelik dncesi ve sirasinda yetersiz beslenmesine, bu durumda yetersiz
plasenta olusumuna ve fetiisiin bilylimesinde yavaglamaya, siit veriminde azalmaya ve yavrunun dogum
agirh@min diismesine neden olmaktadir (Robinson ve ark. 1999; Dwyer, 2003; Greenwood ve Bell, 2003;
Dwyer ve Lawrence, 2005).
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Sicak stresi gibi soguk stresi de hayvanlar tizerinde olumsuz etkiler olusturmaktadir. Soguk stresi yeni dogan
kuzu ve oglaklarda mortalite oranini yiikseltirken sicak stresi de solunum hizinin artmasini ve beraberinde
diizensiz solunumu olusturmaktadir (Riesenfeld ve ark. 1996; Khalek ve Khalifa, 2004).

Kanath sektoriine etkisi

Diinya niifusunun artmasiyla birlikte gida talebinin artmasi ve hayvansal proteine olan ihtiyacin olugmasi,
kanatli iiriinlerini popiiler hale getirmektedir (A¢ikgdz ve Ozkan, 1996). Kanatli sektoriiniin kiiresel 1sinmaya
katkis1 hayvanlarin metabolizmasi sonucu ortaya ¢ikan atiklardan ve 6lii hayvanlardan kaynaklanmaktadir.
Gibre, isletme atiklari, atik sular, 6lii hayvanlar ve koku, sinek gibi sorunlara ¢6ziim olusturulmasi kanatl
sektoriiniin siirdiiriilebilirligi i¢in 6nem tagimaktadir (Altan ve ark. 1996; Kili¢ ve Karaman, 2014).

Hayvanlarda refah kosullari hayvansal {iriinlerin niteligini belirlediginden goézlemlenen stres hayvanlarda
refah sartlarinin iyi olmadiginin bir gostergesi olarak kabul edilmektedir (Bozkurt, 2016). Stres fonksiyonel
sistemlerde homeostazinin bozulmasina neden olmaktadir. Kanatlilarda 1s1 stresi sonucu viicut sicakliklari ve
periferik kan akislar1 artarken viseral kan dolasimlari azalmaktadir. Is1 stresi sonucunda goriilen bu
degisiklikler yem tiiketiminde, yemden yararlanma oraninda, canli agirlik kazancinda, tavuk etinin protein ve
enerji igeriginde ve kulugka randimaninda azalma goriilmesine sebep olmaktadir (Tankson ve ark. 2001;
Sarica, 2011; Hu ve ark. 2019).

Artan sicaklik sonucu uterusa giden kan miktar1 azalmaktadir. Dolliiliikk oran1 diismekte, erken embriyonik
olimler ise artig gostermektedir. Kulucka haricinde yumurta kalite 6zelliklerinde de Ostrus siklusu sirasinda
LH, FSH ve progesteron salinimi degistiginden yumurta hiicre olusum ve gelisim siirecleri olumsuz
etkilenerek yumurta agirligi, kabuk agirligi, yumurta verim ve bazi kalite 6zellikleri olumsuz
etkilenmektedir. (Novero ve ark. 1991; Lacetera ve ark. 2003; Mashaly ve ark. 2004; Nardone ve ark. 2010).
Ayrica kiiresel 1sinmayla beraber degisen mevsim normallerinin go¢ eden yabani kus tiirlerinde yumurtlama
doéneminin 5 giin erkene ¢ekildigi ve gog¢ etme siirelerinin ise 2-3 giin geciktigi bildirilmektedir (Koyuncu ve
Akgiin, 2018).

Sicakligin artmasiyla enfeksiyona sebep olan patojenlerin yasam siirelerinin uzamasi ve vektorlerin artmasi,
hastaliklarin olugsmasina sebep olmaktadir. Kanathlarin hastaliklara karst duyarlt olmasi hastaliklar
sonucunda 6liim oranlarini artirmakta ve ekonomik kaybi olusturmaktadir (Wittmann ve ark. 2001; Nardone
ve ark. 2010; Al-Amin ve Alam, 2011).Tirkiye’de mayis-haziran aylarindaki kiiresel 1sinmaya bagl artan
yagiglarin Ozellikle keklik civcivlerini olumsuz etkiledigi ve kekliklerin sayisini azalttigi bildirilmistir
(Kiriket, 2016).

Is1 stresinin sebep oldugu canli agirlik kazancindaki azalma, patojenlerin artmasi gibi olumsuzluklari
azaltmak ve yok etmek i¢in arastiricilar farkli stratejiler belirtmekte ve yeni yetistirme sistemleri
arastirilmaktadir  (Ghanima ve ark. 2020). Bu yaklasimlardan biri olan diyet takviyesi iretim
performanslarini iyilestirmek igin, sicaklik stresiyle miicadele iginse vitaminler, mineraller, probiyotikler ve
bitkisel tiriinler gibi katki maddelerinin kullanilmasi 6nerilmektedir (Sahin ve ark. 2006; Tang ve ark. 2018;
Goel, 2021).

Kanatlilar radyasyon, evaporasyon (buharlagsma), kondiiksiyon (fiziksel temas), istah kaybi ve su alimim
arttirma yoluyla viicut 1silarin1 dengede tutmaya ¢aligmaktadir. Kiimeste yerlesim sikliginin fazla olmasi ve
yetersiz havalandirma kosullarinda radyasyon yoluyla 1s1 kaybini engellemektedir. Evaporasyon yoluyla 1s1
kaybinda enerji artacagindan 1s1 kaybi sekillenmekte ama iiretimde kayiplara sebep olabilmektedir.
Kondiiksiyon yoluyla kuru altlik zemine ulagmalarini saglayarak 1s1 kaybini1 kolaylastirmakta ama ek olarak
yerden sogutma sistemleriyle destek saglanmalidir. Islak altlik 1s1 kaybini azalttigi icin altlik kontrolleri
yapilmalidir. Is1 stresi sonucu yem aliminda azalma ve su aliminda artma gozlenmektedir (Akgapinar ve
Ozbeyaz, 1999; Kapetanov ve ark. 2015).

SONUC VE ONERILER
Teknolojinin gelismesi, insanlarin yasam standardini yiikseltme istegini artirarak, kaynaklarin sinirsiz

olabilecegi diisiincesiyle, insanoglunu {iretim yerine tiiketim anlayisina yoneltmistir. Kiiresel 1sinmanin
etkileri tarim ve hayvancilik sektorlerini etkileyerek, insanoglunun mevcut gida giivenligi ve giivencesi
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endiselerini daha da artirabilir. Hayvansal iiretim faaliyetlerinin emisyon kaynaklari i¢indeki pay1
degerlendirildiginde, arastiricilarin  hayvan yetistiriciliginin ¢evre tahribinden 6nce CO, ve CFC
kaynaklarimin ¢ozlimiine iligkin siirdiiriilebilir politikalara odaklanmas1 gerekmektedir. Hayvansal {iretim
kirsal niifusun ge¢im kaynagi oldugu gibi diinyadaki her ii¢ kisiden birinin protein kaynagi da oldugu
unutulmamalidir.

Hayvansal protein ihtiyact her gecen giin artmaya devam etmektedir. Hayvanlardan elde edilen ekonomik
oneme sahip her verim g¢evre sartlar1 g6z ardi edilerek degerlendirilmemelidir. Her canli ¢evre ile etkilesim
halinde olduguna gore g¢evre sartlarinin degisimleri, hayvanlarin morfolojik, fizyolojik ve davranigsal
Ozelliklerini degistirmektedir. Yerli hayvanlar kisitli sartlarda dahi verim gosterebilen onemli gen
kaynaklarimizdandir. Yerli hayvanlar iizerinde gosterilecek ¢aba ve arastirmalar, canli tiirlerinin korunmasini
saglayarak biyolojik c¢esitliligin azalmasini 6nlemeye bir tedbir olarak degerlendirilmelidir. Kiiresel 1sinma
ile ani sicaklik degisimlerinin hayvanlardan alinacak verimi etkilemesi referans olarak alinip sicaklik
degisimlerine dayanikli hayvanlarin yetistiriciligi ve 1slah1 yayginlagmalidir.

Sonug olarak; hayvan yetistiriciligi faaliyetlerini durdurmay1 hedefleyen bir anlayisin harekete gegmesi,
insanogluna sosyal, ekonomik ve saglik yoniinden faydadan ¢ok zarara neden olabilir.

CIKAR CATISMASI

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini tasdik ederler.
YAZAR KATKISI

Tiim yazarlar esit katki saglamistir.

ETIK BEYAN

“Kiiresel Isinmanin Ciftlik Hayvanlarinda Siirii Saghgi ve Verimliligine Etkisi” baglikli ¢alismanin
yazim siirecinde bilimsel kurallara, etik ve alint1 kurallarina uyulmus; toplanan veriler {izerinde herhangi bir
tahrifat yapilmamis ve bu calisma herhangi baska bir akademik yayin ortamina degerlendirme igin
gonderilmemistir. Bu arastirma dokiiman analizi ve betimsel incelemeye dayali olarak yapildigindan etik
kurul karar1 zorunlulugu bulunmamaktadir.
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OZET

Kiiresel iklim degisiklikleri atmosfere salinan gazlarin sera etkisi olusturmasi ile son zamanlarda tiim
tiretim sistemlerini yakindan ilgilendiren bir konudur. Kiiresel 1stnmanin 6nlenememesi bitki ve hayvan
cesitliligi, tiretim sistemleri, ekosistemler ve gida giivenligi Uzerinde risk olusturmaktadir. Bu 1sinmanin
etkileri (mevsime bagli mera kullanimlari, yem miktar1 ve kalitesi, besleme ydntemleri, vb.) dogrudan
ya da dolayli olarak goriilmektedir. Asirt sicak donemlerin uzunlugu tiim diinyada etkisini gostermekte
olup hayvancilik iiretim sistemlerinde ¢esitli zorluklara neden olmaktadir. Bu derlemede iklim
degisikliginden kaynaklanan siit sigirciligi tiretim sistemlerine yonelik gereksinimler ele alinmistir.
Iklim degisikliklerinin siit sigircihig1 iizerine olan potansiyel etkilerinin hayvan refahi, beslenmesi,
saglign ve {iretim performansi olarak incelenmesi amaclanmistir. Dogrudan veya dolayli olarak
gorilebilecek tim etkiler hayvanin performansi ile iligkili olmaktadir. Yiiksek verimli siit inekleri bu
etkilere karst daha savunmasiz bir durumda yer almaktadir. Bu etkilerle basa ¢ikilmasi igin farkli
diizeylerde faaliyete gegirilmesi gereken ¢esitli adaptasyon yontemleri ve 1s1 yiikiinii azaltma stratejileri
planlanmalidir. Yapilacak olan tim degisiklikler tretim sistemlerindeki degisiklileri, farkli yonetim
seceneklerini ve saglik yonetimlerini igermektedir.

Anahtar kelimeler: Kiiresel isinma, Siit sigur1, Sicaklik stresi, Adaptasyon
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ABSTRACT

Global climate change is an issue that has recently been of great concern to all production systems due
to the greenhouse effect of gases released into the atmosphere. Failure to prevent global warming
poses a risk to the diversity of plants and animals, to production systems, to ecosystems and to food
security. The effects of this warming are seen directly or indirectly (seasonal pasture utilization, feed
quantity and quality, feeding methods, etc.). The length of extreme hot periods is affecting all over the
world and causing difficulties in livestock production systems. This review addresses the requirements
for dairy cattle production systems resulting from climate change. It is aimed to examine the potential
impacts of climate change on dairy cattle in terms of animal welfare, nutrition, health and production
performance. All effects that can be seen directly or indirectly are related to the performance of the
animal. High yielding dairy cows are more vulnerable to these impacts. In order to cope with these
effects, various adaptation methods and heat load reduction strategies should be planned to be
activated at different levels. All changes include changes in production systems, different management
options and health management.
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GIRIS

Gelecekteki iklim kosullart icin Orta Avrupa gibi 1liman iklim bolgelerinde bile 6zellikle yaz aylarinda sicak
donemlerin ve kurakliklarin artacag tahmin edilmektedir. Hiikiimetleraras: iklim Degisikligi Paneli'nin
(IPCC) Besinci Degerlendirme Raporuna gore, kiiresel ortalama ylizey sicakligi 2100 yilina kadar 0,3°C ila
4,8°C araliginda artacaktir (IPCC, 2014). Sicaklik stresine yol agan giinlerin siklig1 son yillarda artmigtir
(Solymosi ve ark., 2010). Bununla birlikte iklim degisikliginin etkileri bolge, siire ve dagilim agisindan
farklidir. Ayrica hayvan tiirleri, irklar ve bireyler arasindaki etkiler de farklidir. Bu nedenle her bolgenin ilgi
alani, tiir ve sistem yogunlugu i¢in temel faktorler tanimlanmalidir.

Iklim degisikligi hayvan refahi, fizyolojisi, saglig1 ve iiremesi iizerine etkilidir. Bu etkilerin gortilmesinde
sicak hava dalgalarinin sikligi, sicak dénemlerin fazlaligi ve asir1 iklim kosullarmin gérilmesi gibi faktorler
rol oynamaktadir (Zampieri ve ark., 2016). Bu faktorler sut veriminin yaninda sitiin bilesimini ve peynir,
yogurt gibi elde edilebilecek islenmis st Urinlerinin miktar: ile kalitesini de etkileyerek 6nemli oranda
ekonomik kayiplara neden olmaktadir (Cowley ve ark., 2015). Bu etkilerin 6nlenebilmesi i¢in 1s1 toleransina
sahip olan hayvanlarin yetistirilmesi, beslenme adaptasyonlarini ve saglik bakim faktorlerini iceren
yetistirme yontemlerinin gelistirilmesi gerekmektedir. Gelistirilecek olan yontemlerin iklim degisikligi ile
ilgili olan etkileri azaltabilecegi ifade edilmektedir (Fitzgerald ve ark., 2009; Gauly ve Amber, 2020).

IKLIM KOSULLARININ HAYVANLAR UZERINDEKIi ETKILERININ OLCULMESI

Sigirlar tizerindeki iklim kosullarinin potansiyel etkileri; ¢evre kosullarinin, hayvana ait 0zelliklerin ve her
ikisinin kombinasyonunun kullanilmasiyla degerlendirilebilir. Cevre kosullarma ait faktorler bagil nem,
sicaklik, giines 1smlari, yagis ve riizgardir. Bunlarin kombinasyonunu igeren endeksler termal konfor
bolgelerinin tahmin edilmesi ve 1s1 yiikiiniin hayvanlar tizerindeki etkilerinin 6lgiilmesi i¢in kullanilmaktadir.
Baz1 parametrelerin gecerliligi ve kullanilabilirligi sinirli oldugundan daha ¢ok hava sicakligi ve bagil nem
gibi kolay ulasilabilir olan veriler tercih edilmektedir. En sik kullanilan endeks sicaklik ve bagil nemi
birlestiren Sicaklik Nem Endeksi’dir (Temperature-Humidity-Indeks (THI)) (Gauly ve Amber, 2020).

Siit sigirlarinda termal konfor veya rahatsizlik degerlendirmesi i¢in THI yaygin olarak kullanilmasina
ragmen, bu endeksin gecerlilik, duyarlilik ve giivenilirlik agisindan kullanimina iliskin bazi simirlamalar
vardir. Bolgenin ve ¢iftliklerin i¢inde bulundugu ¢evre sartlarinin gesitliligi, hayvana ait bireysel 6zellikler
(verim, gebelik...), hayvanin sicaklik stresine karsi savunma diizeyi gibi faktorler 1s1 stresinin olusumunu
degerlendirmek i¢in yalnizca THI'nin giivenilir bir sekilde ol¢lilmesinin yeterli olmadigin1 gostermektedir
(Renaudeau ve ark., 2012). Bu nedenle, siit sigirlarinda sicaklik stresi degerlendirilirken, hayvana ait
ozellikler de dikkate alinmalidir. Fizyolojik degerlerdeki degisiklikler (viicut 1sisinin ve solunum hizinin
artmasi gibi) kisa siireli sicak donemlere verilen tepkiler hakkinda bilgi verirken, uzun siireli sicak
donemlerin etkileri hayvan davranisi ve performans: (giinliik aktivitelerin azalmasi, dinlenme davraniginin
artmasi, giinliik siit veriminin diismesi, igme davraniginin ve siiresinin artmasi, gélge arama gibi) (izerinde
goriilen degisikliklerle ortaya ¢ikmaktadir (Cook ve ark., 2007; Lambertz ve ark., 2014; Ammer ve ark.,
2017).

Sigirlarda viicut sicakliginin 6l¢iilmesinde en yaygin olarak kullanilan rektal sicakligi vajinal sicaklik ve siit
sicakligr takip etmektedir (Liang ve ark., 2013; Galan ve ark., 2018). Viicut sicakliginin 6l¢iildiigii diger
yerler arasinda meme, iskembe, periton veya kulak zar1 yer almaktadir. Viicut 1s1s1 Sl¢limii mevsim, saat,
iklim kosullari, cins, siit verimi, su ve yem alimi ve hatta 6l¢iim yontemi gibi faktorler tarafindan
etkilenmektedir (Liang ve ark., 2013; Ammer ve ark., 2016).

PERFORMANS, URUN KALITESi VE UREME

Iklim kosullarmin bireysel termondtr seviyesini astigi durumlarda organizmanin 1s1 dagilimi ve viicut
sicaklig1 artmaktadir. Bu etki performansi da etkilemektedir. Hiperterminin seviyesi stt uretimi ile oldukca
iligkilidir. Genel olarak siit sigirlart igin termonotr bolgenin alt ve iist sinirlarinin 6lgiilmesi miimkiin
olmamaktadir. Ortam 1sis1 ile yem tiiketimi arasindaki negatif iliski yiiksek siit verimini etkiledigi i¢in
onemlidir. Ortam 1s1sinin yiiksek olmasit yem tiikketimini azaltir, sigirin 1s1 iiretiminde bir azalma yaratir ve bu
azalma termal yiikiin dengelenmesi i¢in gereklidir. Dolayistyla yiiksek verimli siit sigirlan sicaklik stresine
kars1 digerlerine gore daha savunmasiz bir haldedir (Zimbelman ve ark., 2010). Iklim degisikliklerinin siit
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verimine etkisinin ortaya ¢ikmasi i¢in zamana ihtiya¢ vardir. Kuru madde aliminda ve siit veriminde gériilen
diisiistin, 6lcimden 2 giin onceki sicak kosullardan kaynaklandigi tahmin edilmektedir (West ve ark., 2003).
Bouraoui ve ark. (2002), giin i¢indeki sicaklik nem endeksinin siit verimine iliskisinin -0.76 oraninda, yem
alimina 1iligkisinin -0.24 oraninda oldugunu belirtmistir. Endeksin 69’u astigi durumlarda ise endeks
birimindeki her bir birimlik artisin inek basina alinacak olan giinliik siit verimini 0.41 kg azalttigi da ifade
edilmistir. Siit sigir1 isletmelerinin yaklasik %60’lik kisminin sicaklik stresinden etkilendigi ve meydana
gelen verim ve performans diistikliigiine bagl olarak 6nemli ekonomik kayiplara yol a¢tig1 diigiiniilmektedir
(Koyuncu ve Akgin, 2018).

Siit verimine ek olarak inorganik ve organik siit bilesenlerine de iklim etkilerinin sonuglari incelenmis ve siit
laktozunda herhangi bir etkinin tespit edilmedigi belirtilmistir (Cowley ve ark., 2015). Sicaklik stresinin siit
yag igerigi lizerine etkisi i¢in; Liu ve ark. (2017), fosfolipid seviyelerinin diistiigii sonucuna, Cowley ve ark.
(2015) ise siit yag oraninda herhangi bir degisiklik olusmadigi ancak siit proteini ile kazein igeriginin azalma
egiliminde oldugu sonucuna varmislardir. Bu etkiler 6zellikle ¢ig siit kullaniminda siitiin pihtilagma
ozelliklerini ve peynir iiretim siireclerinin verimliligini olumsuz etkilemektedir. Mariani ve ark. (1993),
rasyon iceriginde bulunan yem maddelerinin c¢esitli mevsimsel faktorlerden etkilenerek siitiin mineral
iceriginde degisiklikler olusturabilecegini belirtmiglerdir. Sicaklik stresi yasayan ineklerden elde edilen siit
ayn1 zamanda daha diigiik kalsiyum, fosfor ve magnezyum ile daha yiiksek pH, kloriir, donma noktas1 ve
plazmin aktivitesine sahiptir.

Siit sigirt yetistiricileri i¢in sicaklik stresinin en Onemli etkilerinden birisi de siit sigirlarinin dol verim
performansinda goriilebilecek bozukluklardir. Goriilen bozuklugun temel sebebi sicaklik stresine bagli olarak
viicut sicakligindaki artistir. Sicaklik stresinin dol verimi iizerindeki etkileri agik giin sayisindaki artis,
anostrusa bagli olarak dogurganligin azalmasi ve gebe kalma oranlarimin azalmasimi igermektedir (Kadokawa
ve ark., 2012). in vivo ortamda yapilan ¢alismalar tohumlama giiniinde yasanacak olan yiiksek sicakliklar ile
gebelik oranlar1 arasinda pozitif bir iliski oldugunu ortaya koymustur (Nabenishi ve ark., 2011). Sakatani ve
ark. (2015), sicaklik stresinin inek oositlerinin dollenmesi tizerindeki etkisini tahmin etmek icin bir in vitro
model kullanmig ve ortaya g¢ikan oksidatif stresin polispermiye yol acarak zigotun daha fazla gelisme
kapasitesini azalttig1 sonucuna varmustir. Ileri evredeki embriyolarin (morula, blastosist) belirli bir
termotolerans diizeyi kazandigi da belirtilmistir (Paes ve ark., 2016). Ostrus gosteren ineklerde yapilacak
olan suni tohumlamada GnRH uygulamas: ile gebe kalma oranlarinda iyilestirmeler saglanabilecegi ifade
edilmistir (Lépez-Gatius ve ark., 2006; Gauly ve Amber, 2020). Akbarabadi ve ark. (2014), ise bu tir
hormon uygulamalarinin etkisinin sicaklik stresi altindaki inekler i¢in tartismali oldugunu belirtmistir. Artan
1s1 ylkiinin bir inegin ireme fizyolojisi ilizerine sadece kisa vadeli degil, ayn1 zamanda uzun vadeli
etkilerinin de olabilecegi unutulmamalidir (Safa ve ark., 2019).

Bogalar icin ise sicaklik stresinin etkileri motilite oranlarinda azalma ve morfolojik olarak anormal
spermlerin sayica artis1 olarak ortaya ¢ikmaktadir (Malama ve ark., 2017). Sabés-Alsina ve ark. (2019),
dondurulup ¢éziilmiis spermanin sperm kalitesi iizerine yaptiklar1 calismada, Isveg ve Ispanya’da kis (Aralik-
Ocak), ilkbahar (Mart-Nisan) ve yaz (Temmuz-Agustos) aylarinda sperm toplayarak, sperm Kalite
parametrelerinin, sperm toplama ayina gore sperm toplanmasindan 1 veya 2 ay onceki iklimsel faktorlerle
daha fazla iliskili oldugunu gostermistir.

HAYVAN SAGLIGI, DAVRANIS VE REFAH

Iklim degisikliklerinin hayvan saglig1, davranis1 ve refahi iizerindeki etkileri dogrudan ya da dolayli olarak
gorulmektedir. Etkiler hayvanlarin genetik materyali, maruz kalma diizeyi ve fiziksel durumu gibi faktorler
tarafindan degigmektedir. Hayvanin verimliligi arttik¢a strese karsi duyarlilik ile kirilganligin ve bununla
birlikte saglik, davranis ve refah {izerindeki etkinin arttig1 6ne siiriilmektedir (Sanker ve ark., 2013). Yogun
iiretim sistemlerindeki hayvanlarin, uyum stratejilerinin mevcut olmadigi, az gelismis iilkelerdeki kapsaml
sistemlere kiyasla daha az etkilenebilecegi ifade edilmektedir (Rust, 2019).

Hayvan sagligi, sicakliga bagli goriilebilecek hastalik ve dliime yol acan iklim kosullarindan dogrudan
etkilenmektedir. Bu etkiler bagisiklik ve hormonal sistemdeki degisikliklerden kaynaklanmaktadir (Das ve
ark., 2016). Yaz aylarinda artan sicaklik ve nem degerleriyle birlikte mevsimin siitteki somatik hiicre sayisini
etkiledigi ve ayrica meme i¢i enfeksiyon goriilme riskini arttirdigi bildirilmektedir (Bertocchi ve ark., 2014;
Testa ve ark., 2017).
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Sicaklik stresi yasayan sigirlarda, konsantre yem tiketiminin artmasi gibi beslenme davraniginda
gorilebilecek degisiklikler asidoz olusumuna sebebiyet verebilecegi gibi topalligin ortaya ¢ikmasina da
neden olabilir (Enemark ve ark., 2002). Buna ek olarak, yiiksek verimli siit sigirlarinda yem alimindaki
azalma ile bakim ve performans i¢in gereken yiiksek enerji ihtiyaglari yaz aylarinda subklinik veya klinik
ketozis yasama riskini arttirmaktadir (Lacetera ve ark., 1996).

Iklim degisikliklerinin hayvan davranislar1 ve refahi iizerindeki dolayli etkileri karmasik oldugundan 6lgiim
ve belirleme amaciyla daha az kullanilmaktadir. Bu etkiler yemin ve suyun varligi, kalitesi, patojen ve
vektorlerin miktar1 gibi faktorlerden etkilenmektedir. Polsky ve von Keyserlingk (2017), sicaklik stresiyle
iligkili agr1, hayal kiriklig1, saldirganlik ve halsizligin, 6zellikle kisa vadede artan aglik ve susuzlugun, uzun
vadede ise ayak lezyonlar1 ve topalligin iyi anlagilmasi i¢in daha fazla arastirmaya ihtiya¢ oldugunu ifade
etmislerdir. Bununla birlikte, gebeligin son agamasinda yalnizca kisa siireli bir sicaklik stresinin buzagilarin
sagligi, biiylimesi ve performansi lizerinde yogun etkileri olabilecegi ve bu hayvanlar iizerinde uzun vadeli
bir etki yaratabilecegi belirtilmektedir (Laporta ve ark., 2017).

Iklim degisikliginin neden oldugu potansiyel degisiklikler arasinda patojenler ve vektdrler de yer almaktadir.
Mera kaynakli nematod ve trematod enfeksiyonlarmin yayginligi ve dagilimi buna Ornek olarak
verilmektedir. Bunlar, iklim degisikliginin etkileriyle birlikte epidemiyoloji, mevsimsellik ve cografi
dagilimdaki degisiklikleri isaret etmektedir (Morgan ve ark., 2013). Parazit ve vektdr epidemiyolojisinde
olusacak degisiklikler bolgeye ve mevsime bagl yenilik¢i ¢oziimler gerektirmektedir. Daha iyi bir bolgesel
uyum stratejisinin gelistirilmesi i¢in Avrupa genelinde iklim kaynakli degisikliklerin sistematik olarak
izlenmesi onerilmektedir (Charlier ve ark., 2016). Bu tiir stratejilerin i¢ veya dis mekan yetistiriciligi, yeni
teshis araglarmin kullanimi, yenilik¢i kontrol yaklagimlari, siirdiiriilebilir ila¢ kullanimi ve kontrol
uygulamalarinin entegrasyonu gibi belirli yonetim stratejilerini igermesi gerekmektedir (Vercruysse ve ark.,
2018).

Iklim degisikligi, vektoriin ve viriisiin hem dagilimmni hem de popiilasyon dinamiklerini etkilemektedir.
Patojenler ve vektorlerle basa ¢ikmak i¢in iklim degisikliklerinin etkilerini hafifletmek amaciyla yetistiricilik
sistemine uygun stratejiler olusturulmali ve yonetimsel onlemler alinmalidir. Bu amaglarla yetistiricilik
sistemine gore yeni teshis araglarinin kullanimi, etkili ilag kullanimi ve ilaglama, iklim, bolge ve patojenlere
ait bilgileri igeren veri tabanlarmin gelistirilmesi, kontrol stratejilerinin olusturulmasi gibi yontemler
kullanilabilir. Hayvancilik igin hafifletme ve uyum onlemlerine odaklanilmasinin iklim degisikligiyle iligkili
hastaliklarin etkilerini en aza indirilebilecegi ifade edilmektedir (Bett ve ark., 2017; Vercruysse ve ark.,
2018).

Sicaklik stresi, giin i¢indeki aktivitelerde azalma veya degisiklikler, su alimimin artmasi, yem aliminin
azalmasi veya giiniin daha soguk zamanlarina kaymasi gibi davranigsal degisikliklerle tespit edilebilir (Cook
ve ark., 2007; Ammer ve ark., 2017). Allen ve ark. (2015), sicaklik stresi yasayan siit siirlarinda ayakta
durma ve yatma davranmiginda degisikliklerin ve Gstrus sinyallerinin azalmasi gibi etkilerin goriilebilecegini
belirtmistir. Heinicke ve ark. (2019), sicaklik stresinin siit sigirlarinin aktivitesinde azalmaya yol agtigini,
erken laktasyondaki hayvanlarin ise ge¢ laktasyondaki ineklere gore daha az duyarli oldugunu ortaya
koymustur. Ayrica inekle ilgili bireysel faktorler olabilecegini de eklemislerdir. Allen ve ark. (2015), ayakta
durmanin ineklerin viicutlarinin sogumasina yardimci olabilecegini ve bu nedenle sicaklik stresi yasayan
ineklerde ayakta durmanin arttigini, bu durumunda daha uzun yatma siirelerine ihtiyag olan zamanlarda siit
iiretimini etkileyebilecegini 6ne siirmiislerdir.

YEM VE SUT INEGI BESLENMESI

Iklim degisikligi senaryosu altinda meralarin verimlili§i ve besin degeri tahmini icin gesitli modeller
bulundugu ifade edilmistir (Ma ve ark., 2015). Otlatma mevsiminin siiresi ile iklim degisikligi arasinda
pozitif bir iliski bulunmaktadir (Phelan ve ark., 2016).

Iklim degisikligine bagl olarak (&zellikle kuzeyde) yem veriminin artacagi varsayilmaktadir; ancak suyun
mevcudiyetine bagl olarak yemin kalitesi degisiklik gosterecektir. Craine ve ark. (2010), iklim kosullarinin
yemdeki protein ve enerji mevcudiyeti Uzerindeki etkilerini tahmin etmek igin sigir diski 6rneklerini analiz
etmislerdir. Sicakliklarin daha yiksek oldugu ve yagiglarin daha az yasandigi bélgelerde yemlerde
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sindirilebilir organik maddelerin azaldigini bulmuslardir. Sicaklik stresinin etkilerinin yani1 sira 6zellikle
yliksek siit verimine sahip olan hayvanlarda yem tiiketiminin fazla olmasi ek bir 1s1 yiikkii meydana
getirmektedir. Yem tiiketimi sonucu ortaya ¢ikacak olan etkilerin derecesi bolgenin iklimine ve yetistiricilik
sistemine gore degisiklik gostermektedir (Gauly ve Amber, 2020). Bu etkilerin azaltilmasi i¢in meralarin
degisen iklim kosullarina uyum saglayabilecek dayanikli tiirlere ihtiyacit bulunmaktadir (Gauly ve ark.,
2013). Bu amagla daha derine kok salan baklagillerin kullanilmasi ve diger tiirler igin mevcut olmayan suyun
degerlendirilmesi saglanarak otlaklarin su kullanimi gelistirebilir (Chen ve ark., 2007; Perring ve ark., 2010).
Yetistirme stratejilerinin yani sira, otlaklarin yonetimi (kesim zamani, giibre tiirii, otlatma uzunlugu) yem
uretimi Uzerindeki iklimsel etkilerin tistesinden gelmek igin gerekli secenekleri saglayabilir (Holden ve ark.,
2008). Meralarin sulanmasi da verimi artiracaktir ancak su mevcudiyetindeki kisitlamalar nedeniyle bu
segenek sinirlt kalmaktadir (Gauly ve Amber, 2020).

Yem katki maddelerinin sicaklik stresiyle basa ¢ikma yetenegini gelistirmeye yonelik aragtirmalar
yapilmistir. Zimbelman ve ark. (2010), rumen korumali niasin ile beslenen ineklerin orta derecede 1s1 yiikii
altinda daha diisiik rektal ve vajinal sicakliklara sahip oldugunu gostermistir. Wang ve ark. (2010), sicaklik
stresi sirasinda tamamlayici doymus yag asitleri (SFA) ile beslenmenin giiniin en sicak saatlerinde viicut
1sisin1 diislirdligiind ve siit verimini arttirdigini belirtmistir. Bu etkinin, fermente edilebilir karbonhidratlarin
tamamlayict SFA ile degistirilmesi sonucu metabolik 1s1 gelisiminin azalmasiyla gergeklestigi kabul
edilmektedir (Gauly ve Amber, 2020). Dolayisiyla sicaklik stresi ile basa ¢ikmak i¢in yem katki
maddelerinin de alternatif bir yontem olarak kullanilabilecegi diisiiniilmektedir.

IKLIM DEGISIKLIiGi VE SUT HAYVANCILIGI

Sicak giinlerin yogun oldugu doénemlerde siit hayvani isletmelerinde o6zellikle yiiksek verimli siiriilerin
yonetilmesi olduk¢a zordur. Siirli yonetim ydntemlerinde, sogutma teknikleri gibi yapisal degisiklikleri
iceren secenekler de mevcuttur. Ornegin, sicaklik stresini diisiirmek igin yeterli gdlgenin saglanmasi,
beslenme zamanlarinin yonetimi gibi secenekler kullanilabilir (Kendall ve ark., 2007; Legrand ve ark.,
2009). Beslenme zamanlarinda yapilacak olan degisiklikler (aksam, gece veya sabahin erken saatlerine, daha
serin donemlere gegilmesi) yliksek ortam sicakliklarinda 1s1 yiikiinii diigiirebilir (Nikkhah ve ark., 2011).
Ominski ve ark. (2002), bu durumun, sicaklik stresine maruz kalan siit sigirlarinin vajinal sicakligini, yem
alimini ve performansini etkilemedigini ifade etmistir.

Siit sigircilig isletmelerinde siklikla kullanilan sogutma sistemleri fanlar, misterler, sprinkler ve sogutulmus
su yataklaridir. Bunlara ek olarak yapilabilecek degisiklikler arasinda tiinel havalandirmasi gibi yeni
teknolojiler yer almaktadir (Calegari ve ark., 2012). Siit sigirlarinda sicaklik stresinin azaltilmasi i¢in verimli
sogutma sistemlerinin kullanilmas1 gerekmektedir. Bu amagla kullanilabilecek diger bir segenek ise ahirdaki
fanlar tarafindan desteklenerek buharlastirilan suyun kisa siireli piiskiirtiilmesidir. Benzer sistemler diinya
capinda 6zellikle sicak bolgelerde yaygin olarak kullanilmaktadir. Kendall ve ark. (2007), {i¢ farkli sogutma
sisteminin  (g6lge, sprinkler ve golgetsprinkler kombinasyonu) verimliligini karsilagtirmistir.
Golgetsprinkler kombinasyonunun solunum hizini %67 oraninda azalttifini, sadece sprinklerin
kullanilmasinin (%60) sadece golge saglanmasindan (%30) daha etkili oldugunu bulmuslardir. Avendafio-
Reyes ve ark. (2010), sicak kosullarda sogutma siiresini ve yogunlugunu degistirerek ti¢ farkli yontemi
karsilagtirarak, daha iyi bir sonuca ulasilmasi igin sogutma siiresinin uzatilmasi gerektigini 6ne siirmiistir.
Ayrica, yagmurlama ve havalandirmanm birlikte kullamildigi giinliik sogutma periyotlarinin daha sik
olmasinin sogutmanin etkisini arttigini da eklemislerdir. Honig ve ark. (2016), sicaklik stresi altindaki siit
inekleri i¢in sogutma ydnetimlerinin kullanilmasinin iireme performansi, yumurtalik fonksiyonlari, &strus
dongiisti uzunlugu ve genel dogurganlik iizerinde olumlu etkileri oldugunu belirtmiglerdir. Yaz aylarinda
ineklerin merada 1s1 yiikiine maruz kalmasindan sonra sogutma kapasitesi agisimdan tek basina golge
saglanmas1 sprinkler kullanimia goére daha az verimlidir. Ancak ineklerin tercihi dikkate alindiginda
ineklerin ¢ogunun (%65) sprinkler yerine golgeyi sectigi ifade edilmistir (Schiitz ve ark., 2011). Golge
saglanmasinin sicaklif1 azaltmasiin yani sira, 1s1 yiikii {izerine olan asil etkisi giines 1sinlarinin hayvanlara
daha az temas etmesidir. Van Laer ve ark. (2015), g6lgenin hayvanlarin performansi iizerinde olumlu etkileri
oldugunu belirtmistir.
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SONUC VE ONERILER

Iklim degisikliginin siit sigir1 yetistiriciligi iizerinde halihazirda 6nemli etkileri olmustur ve bundan sonra da
olmaya devam edecektir. Bu etkiler hem dogrudan hem de dolayli olmaktadir. Siit sigir1 yetistiriciligi
iizerindeki etkiler; yemin, suyun bulunabilirligi ve kalitesi, saglik ve performans iizerindeki etkiler, hastalik
ve vektorlerin yayilmasi iizerindeki etkiler olarak siniflandirilabilir. Bu durum, iiretim seviyesinde daha
yliksek ©Oliim oranlarina, bagisiklik fonksiyonlarmmin bozulmasina, bulasici hastaliklarin daha fazla
yayilmasina, iireme bozukluklarina, yem aliminda ve biiylimede degisikliklere, 6zellikle yiiksek verimli siit
sigirlarinda  veriminin azalmasina yol acar. Sonuc¢ olarak belirtilen etmenlerin hepsi siit sigir
yetistiriciliginde ekonomik acidan tamamiyla dezavantajlara neden olacaktir. Bu nedenle, uzun vadeli
cozumler i¢in hayvancilik sistemleri, yonetim, beslenme ve sagligin yani sira bitki ve hayvan islahin1 da
iceren iklim degisikliklerinin siit sigirlar1 {izerindeki etkilerini azaltabilecek uyum stratejilerinin
gelistirilmesine yonelik temel bir ihtiya¢ bulunmaktadir.

CIKAR CATISMASI

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini tasdik ederler.
YAZAR KATKISI

Tim yazarlar esit katki1 saglamigtir.

ETiK BEYAN

“Kiiresel iklim Degisiklikleri ve Siit Sigir1 Yetistiriciligi” baslikli calismanin yazim siirecinde bilimsel
kurallara, etik ve alint1 kurallarina uyulmus; toplanan veriler lizerinde herhangi bir tahrifat yapilmamis ve bu
calisma herhangi baska bir akademik yayin ortamina degerlendirme i¢in gonderilmemistir. Bu aragtirma
dokiiman analizi ve betimsel incelemeye dayali olarak yapildigindan etik kurul karart zorunlulugu
bulunmamaktadir.

KAYNAKLAR

Akbarabadi, M.A., Shabankareh, H.K., Abdolmohammadi, A. & Shahsavari, M.H. (2014). Effect of PGF2a and GnRH
on the reproductive performance of postpartum dairy cows subjected to synchronization of ovulation and timed
artificial insemination during the warm or cold periods of the year. Theriogenology, 82(3), 509-516.
https://doi.org//10.1016/j.theriogenology.2014.05.005

Allen, J.D., Hall, LW., Collier, R.J. & Smith, J.F. (2015). Effect of core body temperature, time of day, and climate
conditions on behavioral patterns of lactating dairy cows experiencing mild to moderate heat stress. Journal of
Dairy Science, 98(1), 118-127. https://doi.org//10.3168/jds.2013-7704

Ammer, S., Lambertz, C. & Gauly, M. (2016). Comparison of different measuring methods for body temperature in
lactating cows under different climatic conditions. Journal of Dairy Research, 83(2), 165-
172. https://doi.org/10.1017/S0022029916000182

Ammer, S., Lambertz, C., von Soosten, D., Zimmer, K., Meyer, U., Dénicke, S. & Gauly, M. (2017). Impact of diet
composition and temperature—humidity index on water and dry matter intake of high-yielding dairy cows. Journal
of Animal Physiology and Animal Nutrition, 102(1), 103-113. https://doi.org/10.1111/jpn.12664

Atrian, P., ve Shahryar, H.A. (2012). Heat stress in dairy cows (a review). Research in Zoology, 2(4), 31-37.

Avendafio-Reyes, L., Alvarez-Valenzuela, F.D., Correa-Calderon, A., Algandar Sandoval, A., Rodriguez-Gonzélez, E.,
Pérez-Velazquez, R., Macias-Cruz, U., Diaz-Molina, R., Robinson, P.H. & Fadel, J.G. (2010). Comparison of
three cooling management systems to reduce heat stress in lactating Holstein cows during hot and dry ambient
conditions. Livestock Science, 132(1-3), 48-52. https://doi.org/10.1016/j.livsci.2010.04.020

Bertocchi, L., Vitali, A., Lacetera, N., Nardone, A., Varisco, G., & Bernabucci, U. (2014). Seasonal variations in the
composition of Holstein cow’s milk and temperature—humidity index relationship. Animal, 8(4), 667-
674. https://doi.org/10.1017/S1751731114000032

Bett, B. Kiunga, P. Gachohi, J. Sindato, C. Mbotha, D. Robinson, T. Lindahl, J. & Grace, D. (2017). Effects of climate
change on the occurrence and distribution of livestock diseases. Preventive Veterinary Medicine, 137, 119-129.
https://doi.org/10.1016/j.prevetmed.2016.11.019

Bouraoui, R., Lahmar, M., Majdoub, A., Djemali, M. & Belyea. R. (2002). The relationship of temperature-humidity
index with milk production of dairy cows in a Mediterranean climate. Animal Research, 51(6), 479-491.
https://doi.org/10.1051/animres:2002036

MJAVL Volume 14 (Issue 1) © 2024 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl
https://doi.org/10.1016/j.theriogenology.2014.05.005
https://doi.org/10.3168/jds.2013-7704
https://doi.org/10.1017/S0022029916000182
https://doi.org/10.1111/jpn.12664
https://doi.org/10.1016/j.livsci.2010.04.020
https://doi.org/10.1017/S1751731114000032
https://doi.org/10.1016/j.prevetmed.2016.11.019
https://doi.org/10.1051/animres:2002036

98

Erzurum / Manas Journal of Agriculture Veterinary and Life Sciences 14 (1) (2024) 92-100

Calegari, F., Calamari, L. & Frazzi, E. (2012). Misting and fan cooling of the rest area in a dairy barn. International
Journal of Biometeorology, 56(2), 287—295. https://dx.doi.org/10.1007/s00484-011-0432-7

Charlier, J., Ghebretinsae, A.H., Levecke, B., Ducheyne, E., Claerebout, E. & Vercruysse, J. (2016). Climate-driven
longitudinal trends in pasture-borne helminth infections of dairy cattle. International Journal for Parasitology,
46(13-14), 881-888. https://doi.org//10.1016/j.ijpara.2016.09.001

Chen, S., Bai, Y., Lin, G., Huang, J. & Han, X. (2007). Isotopic carbon composition and related characters of dominant
species along an environmental gradient in Inner Mongolia, China. Journal of Arid Environments, 71(1), 12-28.
https://doi.org/10.1016/j.jaridenv.2007.02.006

Cook, N.B., Mentink, R.L., Bennett, T.B. & Burgi, K. (2007). The effect of heat stress and lameness on time budgets of
lactating dairy cows. Journal of Dairy Science, 90(4), 1674-1682. https://doi.org/10.3168/jds.2006-634

Cowley, F.C., Barber, D.G., Houlihan, A.V. & Poppi, D.P. (2015). Immediate and residual effects of heat stress and
restricted intake on milk protein and casein composition and energy metabolism. Journal of Dairy Science, 98(4),
2356-2368. https://doi.org/10.3168/jds.2014-8442

Craine, J.M., Elmore, A.J., Olson, K.C. & Tolleson, D. (2010). Climate change and cattle nutritional stress. Global
Change Biology, 16(10), 2901-2911. https://doi.org/10.1111/j.1365-2486.2009.02060.x

Das, R., Sailo, L., Verma, N., Bharti, P., Saikia, J., Imtiwati, & Kumar, R. (2016). Impact of heat stress on health and
performance of dairy animals: a review. Veterinary World, 9(3), 260-268.
https://doi.org/10.14202/vetworld.2016.260-268

Enemark, J.M.D., Jorgensen, R.J. & Enemark, P.S. (2002). Rumen acidosis with special emphasis on diagnostic aspects
of subclinical rumen acidosis: a review. Veterinarija ir zootechnika, 20(42), 16-29.

Fitzgerald, J.B., Brereton, A.J. & Holden, N.M. (2009). Assessment of the adaptation potential of grass-based dairy
systems to climate change in Ireland — the maximised production scenario. Agricultural and Forest Meteorology,
149(2), 244-255. https://doi.org/10.1016/j.agrformet.2008.08.006

Galan, E., Llonch, P., Villagra, A., Levit, H., Pinto, S. & Del Prado, A. (2018). A systematic review of non-
productivity-related animal-based indicators of heat stress resilience in dairy cattle. Plos One, 13(11), 2562.
https://doi.org/10.1371/journal.pone.0206520

Gauly, M., Bollwein, H., Breves, G., Briigemann, K., Dénicke, S., Das, G., Demeler, J., Hansen, H., Isselstein J, Konig,
S., Loholter, M., Martinsohn, M., Meyer, U., Potthoff, M., Sanker, C., Schroder, B., Wrage, N., Meibaum, B.,
Samson-Himmelstjerna, G. Von, Stinshoff, H. & Wrenzycki, C. (2013). Future consequences and challenges for
dairy cow production systems arising from climate change in Central Europe — a review. Animal, 7(5), 843—
859. https://doi.org/10.1017/S1751731112002352

Gauly, M. ve Ammer, S. (2020). Review: Challenges for dairy cow production systems arising from climate changes.
Animal, 14(S1), S196-S203. https://doi.org/10.1017/S1751731119003239

Heinicke, J., Ibscher, S., Belik, V. & Amon, T. (2019). Cow individual activity response to the accumulation of heat
load duration. Journal of Thermal Biology, 82, 23-32. https://doi.org/10.1016/j.jtherbio.2019.03.011

Holden, N.M., Brereton, A.J. & Fitzgerald, J.B. (2008). Impact of climate change on Irish agricultural production
systems. In Climate change — refining the impacts for Ireland (ed. Environmental Protection Agency), (pp. 82—
131). Wexford: Environmental Protection Agency.

Honig, H., Ofer, L., Kaim, M., Jacobi, S., Shinder, D. & Gershon, E. (2016). The effect of cooling management on
blood flow to the dominant follicle and estrous cycle length at heat stress. Theriogenology, 86(2), 626-634.
https://doi.org/10.1016/j.theriogenology.2016.02.017

IPCC. (2014). Climate change 2014: impacts, adaptation, and vulnerability. Part A: global and sectoral aspects. In
Contribution of working group Il to the fifth assessment report of the Intergovernmental Panel on Climate Change
(pp. 1-1132). Cambridge: Cambridge University Press.

Kadokawa, H., Sakatani, M. & Hansen, P.J. (2012). Perspectives on improvement of reproduction in cattle during heat
stress in a future Japan. Animal Science Journal, 83(6), 439-445. https://doi.org/10.1111/j.1740-
0929.2012.01011.x

Kendall, P.E., Verkerk, G.A., Webster, J.R. & Tucker, C.B. (20079. Sprinklers and shade cool cows and reduce insect-
avoidance behavior in pasture-based dairy systems. Journal of Dairy Science, 90(8), 3671-3680.
https://doi.org/10.3168/jds.2006-766

Koyuncu, M. ve Akgiin, H. (2018). Ciftlik hayvanlar1 ve kiiresel iklim degisikligi arasindaki etkilesim. Uludag
Universitesi Ziraat Fakiiltesi Dergisi, 32(1), 151-164.

Lacetera, N., Bernabucci, U., Ronchi, B. & Nardone, A. (1996). Body condition score, metabolic status and milk
production of early lactating dairy cows exposed to warm environment. Rivista di Agricoltura Subtropicale e
Tropicale 90(1), 43-55.

Lambertz, C., Sanker, C. & Gauly, M. (2014). Climatic effects on milk production traits and somatic cell score in
lactating Holstein-Friesian cows in different housing systems. Journal of Dairy Science, 97(1), 319-329.
https://doi.org/10.3168/jds.2013-7217

Laporta, J., Fabris, T.F., Skibiel, A.L., Powell, J.L., Hayen, M.J., Horvath, K., Miller-Cushon, E.K. & Dahl, G.E.
(2017). In utero exposure to heat stress during late gestation has prolonged effects on the activity patterns and
growth of dairy calves. Journal of Dairy Science, 100(4), 2976-2984. https://doi.org//10.3168/jds.2016-11993

MJAVL Volume 14 (Issue 1) © 2024 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl
https://dx.doi.org/10.1007/s00484-011-0432-7
https://doi.org/10.1016/j.ijpara.2016.09.001
https://doi.org/10.1016/j.jaridenv.2007.02.006
https://doi.org/10.3168/jds.2006-634
https://doi.org/10.3168/jds.2014-8442
https://doi.org/10.1111/j.1365-2486.2009.02060.x
https://doi.org/10.14202/vetworld.2016.260-268
https://doi.org/10.1016/j.agrformet.2008.08.006
https://doi.org/10.1371/journal.pone.0206520
https://doi.org/10.1017/S1751731112002352
https://doi.org/10.1017/S1751731119003239
https://doi.org/10.1016/j.jtherbio.2019.03.011
https://doi.org/10.1016/j.theriogenology.2016.02.017
https://doi.org/10.1111/j.1740-0929.2012.01011.x
https://doi.org/10.1111/j.1740-0929.2012.01011.x
https://doi.org/10.3168/jds.2006-766
https://doi.org/10.3168/jds.2013-7217
https://doi.org/10.3168/jds.2016-11993

99

Erzurum / Manas Journal of Agriculture Veterinary and Life Sciences 14 (1) (2024) 92-100

Legrand, A.L., von Keyserlingk, M.A.G. & Weary, D.M. 2009. Preference and usage of pasture versus free-stall
housing by lactating dairy cattle. Journal of Dairy Science, 92(8), 3651-3658. https://doi.org/10.3168/jds.2008-
1733

Liang, D., Wood, C.L., McQuerry, K.J., Ray, D.L., Clark, J.D. & Bewley, J.M. (2013). Influence of breed, milk
production, season, and ambient temperature on dairy cow reticulorumen temperature. Journal of Dairy Science,
96(8), 5072-5081. https://doi.org/10.3168/jds.2012-6537

Liu, Z., Ezernieks, V., Wang, J., Arachchillage, N.W., Garner, J.B., Wales, W.J., Cocks, B.G. & Rochfort, S. (2017).
Heat stress in dairy cattle alters lipid composition of milk. Scientific Reports, 7, 961.
https://doi.org//10.1038/s41598-017-01120-9

Lépez-Gatius, F., Santolaria, P., Martino, A., Delétang, F. & De Rensis, F. (2006). The effects of GnRH treatment at the
time of Al and 12 days later on reproductive performance of high producing dairy cows during the warm season in
northeastern Spain. Theriogenology, 65(4), 820-830. https://doi.org/10.1016/j.theriogenology.2005.07.002

Ma, S., Lardy, B., Graux, A.l., Klumpp, K., Martin, R. & Bellocchi, G. (2015). Regionalsclae analysis of carbon and
water cycles on managed grassland systems. Environmental Modelling & Software, 72, 356-371.
https://doi.org/10.1016/j.envsoft.2015.03.007

Malama, E., Zeron, Y., Janett, F., Siuda, M., Roth, Z. & Bollwein, H. (2017). Use of computer-assisted sperm analysis
and flow cytometry to detect seasonal variations of bovine semen quality. Theriogenology, 87, 79-90.
https://doi.org/10.1016/j.theriogenology.2016.08.002

Mariani P, Zanzucchi G, Blanco P and Masoni M 1993. Variazioni stagionali del contenuto in fosforo del latte di massa
di singoli allevamenti. L industria del Latte, 29, 39-53.

Morgan, E., Charlier, J., Hendrickx, G., Biggeri, A., Catalan, D., Samson-Himmelstjerna, G von., Demeler, J., Miiller,
E., van Dijk, J., Kenyon, F., Skuce, P., Hoglund, J., O’Kiely, P., van Ranst, B., Waal, T de., Rinaldi, L., Cringoli,
G., Hertzberg, H., Torgerson, P., Wolstenholme, A. & Vercruysse, J. (2013). Global change and helminth
infections in grazing ruminants in Europe: impacts, trends and sustainable solutions. Agriculture, 3(3), 484-502.
https://doi.org/10.3390/agriculture3030484

Nabenishi, H., Ohta, H., Nishimoto, T., Morita, T., Ashizawa, K. & Tsuzuki, Y. (2011). Effect of the temperature-
humidity index on body temperature and conception rate of lactating dairy cows in southwestern Japan. Journal of
Reproduction, 57(4), 450-456. https://doi.org/10.1262/jrd.10-135T

Nikkhah, A., Furedi, C.J., Kennedy, A.D., Scott, S.L., Wittenberg, K.M., Crow, G.H. & Plaizier, J.C. (2011). Morning
vs. evening feed delivery for lactating dairy cows. Canadian Journal of Animal Science, 91(1), 113-122.
https://doi.org/10.4141/CJAS10012

Ominski, K.H., Kennedy, A.D., Wittenberg, K.M. & Nia, S.A.M. (2002). Physiological and production responses to
feeding schedule in lactating dairy cows exposed to short-term, moderate heat stress. Journal of Dairy Science,
85(4), 730-737. https://doi.org/10.3168/jds.S0022-0302(02)74130-1

Paes, V.M., Vieira, L.A., Correia, H.H.V., Sa, N.A.R., Moura, A.A.A., Sales, A.D., Rodrigues, A.P.R., Magalhdes-
Padilha, D.M., Santos, F.W., Apgar, G.A., Campello, C.C., Camargo, L.S.A. & Figueiredo, J.R. (2016). Effect of
heat stress on the survival and development of in vitro cultured bovine preantral follicles and on in vitro
maturation of cumulusoocyte complex. Theriogenology, 86(4), 994-1003.
https://doi.org/10.1016/j.theriogenology.2016.03.027

Perring, M.P., Cullen, B.R., Johnson, I.R. & Hovenden, M.J. (2010). Modelled effects of rising CO2 concentration and
climate change on native perennial grass and sown grass-legume pastures. Climate Research, 42(1), 65-78.

Phelan, P., Morgan, E.R., Rose, H., Grant, J. & O’Kiely, P. (2016). Predictions of future grazing season length for
European dairy, beef and sheep farms based on regression with bioclimatic variables. Journal of Agricultural
Science, 154(5), 765—781. https://doi.org/10.1017/S0021859615000830

Polsky, L. ve von Keyserlingk, M.A.G. (2017). Invited review: effects of heat stress on dairy cattle welfare. Journal of
Dairy Science, 100(11), 8645-8657. https://doi.org/10.3168/jds.2017-12651

Renaudeau, D., Collin, A, Yahav, S., De Basilio, V., Gourdine, J.L. & Collier, R.J. (2012). Adaptation to hot climate
and strategies to alleviate heat stress in livestock production. Animal, 6(5), 707-728.
https://doi.org/10.1017/S1751731111002448

Rust, J.M. (2019). The impact of climate change on extensive and intensive livestock production systems. Animal
Frontiers, 9(1), 20-25. https://doi.org/10.1093/af/vfy028

Sabés-Alsina, M., Lundeheim, N., Johannisson, A., Lopez-Béjar, M. & Morrell, J.M. (2019). Relationships between
climate and sperm quality in dairy bull semen: a retrospective analysis. Journal of Dairy Science, 102(6), 5623—
5633. https://doi.org/10.3168/jds.2018-15837

Safa, S., Kargar, S., Moghaddam, G.A., Ciliberti, M.G. & Caroprese, M. (2019). Heat stress abatement during the
postpartum period: effects on whole lactation milk yield, indicators of metabolic status, inflammatory cytokines,
and biomarkers of the oxidative stress. Journal of Animal Science, 97(1), 122-132.
https://doi.org/10.1093/jas/sky408

Sakatani, M., Yamanaka, K., Balboula, A.Z., Takenouchi, N. & Takahashi, M. (2015). Heat stress during in vitro
fertilization decreases fertilization success by disrupting anti-polyspermy systems of the oocytes. Molecular
Reproduction and Development, 82(1), 36-47. https://doi.org/10.1002/mrd.22441

Sanker, C., Lambertz, C. & Gauly, M. (2013). Climatic effects in Central Europe on the frequency of medical
treatments of dairy cows. Animal, 7(2), 316-321. https://doi.org/10.1017/S1751731112001668

MJAVL Volume 14 (Issue 1) © 2024 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl
https://doi.org/10.3168/jds.2008-1733
https://doi.org/10.3168/jds.2008-1733
https://doi.org/10.3168/jds.2012-6537
https://doi.org/10.1038/s41598-017-01120-9
https://doi.org/10.1016/j.theriogenology.2005.07.002
https://doi.org/10.1016/j.envsoft.2015.03.007
https://doi.org/10.1016/j.theriogenology.2016.08.002
https://doi.org/10.3390/agriculture3030484
https://doi.org/10.1262/jrd.10-135T
https://doi.org/10.4141/CJAS10012
https://doi.org/10.3168/jds.S0022-0302(02)74130-1
https://doi.org/10.1016/j.theriogenology.2016.03.027
https://doi.org/10.1017/S0021859615000830
https://doi.org/10.3168/jds.2017-12651
https://doi.org/10.1017/S1751731111002448
https://doi.org/10.1093/af/vfy028
https://doi.org/10.3168/jds.2018-15837
https://doi.org/10.1093/jas/sky408
https://doi.org/10.1002/mrd.22441
https://doi.org/10.1017/S1751731112001668

100

Erzurum / Manas Journal of Agriculture Veterinary and Life Sciences 14 (1) (2024) 92-100

Schiitz, K.E., Rogers, A.R., Cox, N.R., Webster, J.R. & Tucker, C.B. (2011). Dairy cattle prefer shade over sprinklers:
effects on behaviour and physiology. Journal of Dairy Science, 94(1), 273-283. https://doi.org/10.3168/jds.2010-
3608

Solymosi, N., Torma, C., Kern, A., Mar6ti-Agots, A., Barcza, Z., Kényves, L., Berke, O. & Reiczigel, J. (2010).
Changing climate in Hungary and trends in the annual number of heat stress days. International Journal of
Biometeorology, 54, 423-431. https://doi.org/10.1007/s00484-009-0293-5

Testa, F., Marano, G., Ambrogi, F., Boracchi, P., Casula, A., Biganzoli, E. & Moroni, P. (2017). Study of the
association of atmospheric temperature and relative humidity with bulk tank milk somatic cell count in dairy herds
using generalized additive mixed models. Research in Veterinary Science, 114, 511-517.
https://doi.org/10.1016/j.rvsc.2017.09.027

Van Laer, E., Moons, C.P., Ampe, B., Sonck, B., Vandaele, L., De Campeneere, S. & Tuyttens, F.A. (2015). Effect of
summer conditions and shade on behavioural indicators of thermal discomfort in Holstein dairy and Belgian Blue
beef cattle on pasture. Animal, 9(9), 1536-1546. https://doi.org/10.1017/S1751731115000804

Vercruysse, J., Charlier, J., van Dijk, J., Morgan, E.R., Geary, T., Samson-Himmelstjerna, G von. & Claerebout, E.
(2018). Control of helminth ruminant infections by 2030. Parasitology, 145(13), 1655—
1664. https://doi.org/10.1017/S003118201700227X

Wang, J.P., Bu, D.P., Wang, J.Q., Huo, X.K,, Guo, T.J., Wei, H.Y., Zhou, L.Y., Rastani, R.R., Baumgard, L.H. & Li,
F.D. (2010). Effect of saturated fatty acid supplementation on production and metabolism indices in heat-stressed
mid-lactation dairy cows. Journal of Dairy Science, 93(9), 4121-4127. https://doi.org//10.3168/jds.2009-2635

West, J.W., Mullinix, B.G. & Bernard, J.K. (2003). Effects of hot, humid weather on milk temperature, dry matter
intake, and milk vyield of lactating dairy cows. Journal of Dairy Science, 86(1), 232-242.
https://doi.org/10.3168/jds.S0022-0302(03)73602-9

Zampieri, M., Russo, S., di Sabatino, S., Michetti, M., Scoccimarro, E. & Gualdi, S. (2016). Global assessment of heat
wave magnitudes from 1901 to 2010 and implications for the river discharge of the Alps. Science of the Total
Environment, 571, 1330-1339. https://doi.org//10.1016/j.scitotenv.2016.07.008

Zimbelman, R.B., Baumgard, L.H. & Collier, R.J. (2010). Effects of encapsulated niacin on evaporative heat loss and
body temperature in moderately heat-stressed lactating Holstein cows. Journal of Dairy Science, 93(6), 2387—
2394, https://doi.org/10.3168/jds.2009-2557

MJAVL Volume 14 (Issue 1) © 2024 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl
https://doi.org/10.3168/jds.2010-3608
https://doi.org/10.3168/jds.2010-3608
https://doi.org/10.1007/s00484-009-0293-5
https://doi.org/10.1016/j.rvsc.2017.09.027
https://doi.org/10.1017/S1751731115000804
https://doi.org/10.1017/S003118201700227X
https://doi.org/10.3168/jds.2009-2635
https://doi.org/10.3168/jds.S0022-0302(03)73602-9
https://doi.org/10.1016/j.scitotenv.2016.07.008
https://doi.org/10.3168/jds.2009-2557

Manas Journal of Agriculture Veterinary and Life Sciences

ISSN/e-ISSN 1694-7932
Volume 14 (Issue 1) (2024) Pages 101-115

Review Article

Under Long-Term Agricultural Systems, the Role of Mycorrhizae in Climate Change

and Food Security

Ibrahim ORTAS®*!

!Department of Soil Science and Plant Nutrition, University of Cukurova, Faculty of Agriculture, Adana,
Turkiye

*Corresponding author e-mail: iortas@cu.edu.tr

ABSTRACT ARIL'F%'—E
Over the past 100 years, the rapid growth in population from 2 billion to 8 billion has significantly Recieved:
impacted the environment and climate change. In addition, food consumption has skyrocketed, and 29.03 202'4
there are widespread worries about global food security. Due to inadequate soil and plant management R
techniques, including high soil tillage, chemical fertilizers, inappropriate irrigation, and genetically Accepted:
engineered crops, this spike has made it more difficult to guarantee food security for everyone on the 2705 202'4

planet. These actions have resulted in societal unrest, climatic change, and land degradation. With
organic carbon mineralization, more CO2 is released into the atmosphere because of atmospheric
heating and climate change. Long-term greenhouse gasses released into the atmosphere cause global
climate change. Increasing climate changes and the inefficiency of soil productivity result in the
natural effects of the rhizosphere on plant growth and food security. One of the most effective
mechanisms of the rhizosphere is mycorrhizal fungi, which are injured microorganisms. Frequently
disregarded mycorrhizal fungi present a potential solution. While sequestering carbon from the
atmosphere, they can increase agricultural yields, plant health, and soil fertility. For sustainable
agriculture and environmental preservation, it is essential to understand and take advantage of the
potential of mycorrhizal fungi. A crucial area for study and practical application is the function of
mycorrhizal fungi in reducing these difficulties and enhancing food security. Considering rising
environmental challenges, understanding their contributions and researching their relationships may
help create a more stable and secure global food system..
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INTRODUCTION

The present Situation of Our Food Security Problem

In the last 90 years, the world population has increased from 2 billion to 8 billion (Figure 1). These 6 billion
had a significant influence on the environment and climate change. For the food security of 8 billion people,
poor soil and plant management, such as heavy soil tillage, chemical fertilizers/persists, unsuitable irrigation,
and genetically modified plants and seeds, causes soil degradation, climate change, and unsafe social life.

Population with estimation by

w——\Norld — Africa = Americas

—\Nestern Asia —— Europe Oceanj

Figure 1. World population growth (FAOSTAT, 2023)

In the short history of humanity, and especially after the industrial revolution in the last 100 years, nature has
been heavily interfered with by human activities. The excessive production— consumption relationship for
the various needs of billions of people has reduced the biological budget capacity of nature and changed the
balance of greenhouse gasses in the atmosphere. The climate crisis has begun to threaten our lives, especially
the terrestrial ecosystem, just as we had in the past.

Global population growth and mismanagement of soil and plant resources have resulted in soil degradation,
climate change, and a threat to social well-being. The industrial revolution has further aggravated the
situation by disrupting the balance of greenhouse gasses in the atmosphere and reducing the capacity of
nature’s biological budget.

What have we created for food security?

Heavy fertilizers have been widely employed in plant production in traditional agricultural systems since the
turn of the century. Nevertheless, many traditional field-cropping methods have come under fire for being
unsustainable because they worsen the ecosystem.

Critics criticize the current global management and agriculture production system. The production system
has also come under fire in several ways. One is that the chemicals used have a direct impact on human
health as they travel up the food chain from soil to people. The other is the decrease in chemical fertilizer
sources. What causes climate change and how?

What connection does it have to farming? primarily population expansion, urbanization, and rising food
prices. If asked, "Who governs nature’s life today?" Who is the world’s strongest? Developed nations or
powerful leaders? No! The Covid-19 virus, one of the microscopic bacteria that we all know are invisible,
first affected our lives three years ago. Approximately 7-8 million people died, and for a protracted period,
we were in despair.

Do microbes play a role in nature and have any other effects on how we live? If so, what animals?
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Naturally, they have been for a few million years. They existed, but we were unaware of them. To guarantee
food security, reduce climate change, and encourage biodiversity preservation, it is essential to understand
the role of mycorrhizal fungi in carbon sequestration, soil fertility, and plant health. By using their potential,
native management techniques can produce more resilient agricultural systems and a better environment.

Looking back, we can see that these intangible beings contain highly diligent life forms that have aided the

sustainability of our planet’s natural environment and our way of life (Redecker, Szaro, Bowman, and Bruns,
2001).

How much do we know about the relationship between climate change and microorganisms?

The atmospheric CO, content has already increased from 280 to 414 mg L? since the Industrial Revolution.
The increase in yearly means a 2.08 ppm yr? average growth rate over the previous ten years. Climate
change significantly impacts agriculture, altering crop production systems by altering temperature, rainfall
patterns, and fertilizer availability. Mycorrhizal fungi are essential for sustainable agriculture because they
improve plant growth, nutrient uptake, and water use efficiency.

At present, the biggest aim, again climate change is to maintain atmospheric CO, and transfer it into the soil
(Figure 2). Without plants mycorrhlzae are not p033|ble
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Figure 2. Potential consequences of changes in AM fungal communities due to global change (Cotton, 2018).

Perhaps we have paid little attention to the role and function of mycorrhiza in nature and human life. The
relationship between human nutrition and soil and atmosphere through plants seems to have been neglected.
How have we neglected the relationship between mycorrhiza and human life?

As indicated by Field, Daniell, Johnson, and Helgason (2020), only the edible mushroom industry is worth
42 billion dollars annually. Orchid mycorrhiza also has more benefits for food and health.

Finally, the potential consequences of changes in AM fungal communities due to global change are clear.
Mycorrhizae act between soil plants and the atmosphere in several ways to survive and contribute to
sustainable food security.

Thus far, our knowledge about mycorrhizae does not reflect the contribution of mycorrhizae to ecosystem
services. Wrage, Chapuis-Lardy, and Isselstein (2010) reported that global climate change influences soil P
availability. In addition, it is widely known that plants’ mycorrhizal hyphae acquire 75% of the P.
Additionally; mycorrhiza inoculation is reported to increase the root surface by 140 times. The majority of
mycorrhizal research has been conducted in forestry, agriculture, and plant science. Perhaps we have paid
little attention to the role of mycorrhiza in nature and human life. The relationship between human nutrition
and soil and atmosphere through plants seems to have been neglected.

These complex symbiotic relationships between fungi, plants, and the rest of life are sustained by a complex
underground food exchange web that is invisible to the naked eye and forms the basis of virtually all land-
based life.

Effectively using mycorrhizal fungi in field settings is difficult. To maximize mycorrhizal spore quality and
effectiveness for sustainable plant growth and development, these issues must be addressed.

MJAVL Volume 14 (Issue 1) © 2024 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

104

Ortas / Manas Journal of Agriculture Veterinary and Life Sciences 14 (1) (2024) 101-115

The world’s first and oldest symbiosis (Figure 3) is mycorrhizal fungi, which hold great promise for
resolving our current environmental and food security problems. It is impossible to undervalue their
contribution to ecosystem resilience, nitrogen cycling, and carbon sequestration. We can strive toward a
more sustainable future for agriculture and the planet as a whole by prioritizing the preservation and use of
mycorrhizal fungi. It seems that we know a lot about mycorrhizae, but not about their role in climate change.
It seems that there is still much that we do not know. To me, we do know the role of mycorrhizae on plant
nutrient uptake and healthy plant growth. However, we do not exactly know the function and link of
mycorrhizae between soil and their mutually beneficial effects on carbon capture. Because plants and/or
mycorrhizae know the soil phosphorus and other nutrient concentrations, they make mycorrhiza efficient.
How do they know? We are still not aware of these mechanisms. Mutual chemical and biological usefulness
is important for ecosystem sustainability. In addition, mycorrhizal fungi support the health of native
ecosystems, the resilience of forests, and ecosystem functioning. They make it easier for plants to transport
organic carbon-based molecules to their fungal symbionts, enhancing mutualistic relationships and fostering
biodiversity.

AMF are ancient fungi (about 450 million years old)
that possibly helped plants to colonize the land

o7 B

Figure 3. The oldest mycorrhizal fossil (Simon, Bousquet, Lévesque, and Lalonde, 1993)

Publication on Mycorrhizae and Climate Change
The question is, because microorganisms exist in our lives and undertake dreadful tasks. What then is the
problem we are experiencing now? What is the solution?

How broad and deep do we know about climate change or the climate crisis?

How much basic knowledge do we have about the effects of mycorrhiza on plants and ecosystems?

How much do we know about the effects of mycorrhizal and climate changes on soil- plant and ecosystem
functioning?

It appears that we know a lot about the role of mycorrhizae. However, what we still do not know is more
than our knowledge. Recently, the number of papers published on the mycorrhizae area is increasing. Since
1990, 35572 papers were published with mycorrhizae on WOS (Figure 4). Most of the work was done on
mycorrhizae’s role in agriculture, and most of the work was done on phosphorus uptake and bioavailability
(WOS 2023).
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Figure 4. Research papers on climate change and mycorrhizae works (data were gathered from WQOS)
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240 papers on water resources have been published and fewer on global warming. Additionally, publications
on mycorrhiza and climate change were published in 1845. Only 148 citations were done on elevated CO..
Mycorrhizae are mostly searched in developed countries. Not in Africa and poor countries.

In the last 90 years, the world’s population has exponentially increased from 2 billion to 8§ billion, putting
unprecedented pressure on Earth’s natural resources, especially for food security. In addition, global plant
temperatures are set to rise >1.5°C by the end of the 21st Century (IPCC, 2014). The temperature increase is
expected to affect soil macro- and microorganisms. The effects of CO and/or temperature on plant growth
and fungal functioning could have influenced both the capacity of plants to allocate carbon to AM fungi,
which increased/inhibited the nutritional or other benefits plants obtain from the symbiosis (Duarte and
Maherali, 2023).

Recently, increasing research and publications have been conducted on CO. fixation through photosynthesis
from the atmosphere to the roots and soil. Many studies have shown that elevated atmospheric CO; levels
positively influence the abundance of mycorrhizae (Compant, van der Heijden, and Sessitsch, 2010).
Mycorrhizae play a key role in CO; fixation in the atmosphere. It is not sufficient to fix CO> through
photosynthesis in plant tissue. It is also important to store carbon long-term in plant tissue and allocate it to
the plant roots. It is also necessary to keep more organic carbon in special positions in the soil, such as
macro- and microstructures. Plant roots play a critical terminal role in leaking carbohydrates to the
rhizosphere, where many microorganisms collaborate, challenge, and compete with each other (Figure 5).
Some beneficial microorganisms enter the root systems of their hosts as part of an entophytic lifestyle. Thus,
organisms have a significant contribution not only to host plants but also to soil development. Mycorrhizae
and plant roots collaborate to create strong macro- and microstructures to keep C in side aggregates. Since
1975, several researchers have investigated the effect of carbon fixation and allocation on roots. So far, it is
known that 22% of the carbohydrate leaked into the rhizosphere.

A crucial part of carbon sequestration is played by mycorrhizal fungi, which have been sustaining life on
Earth for millions of years. They do this by absorbing carbon dioxide from the air and transferring it to the
soil via a sophisticated underground network. This procedure reduces CO emissions and fights climate
change. In a study published recently in Current Biology, they estimated that mycorrhizal fungi in nature
release 13.12 gig tons of carbon dioxide equivalents (“CO2e”) into soil ecosystems each year by capturing
carbon from the atmosphere and transferring it to the soil. This equates to approximately 36% of annual
global fossil fuel emissions. This shows that mycorrhizal fungi play a vital role in combating climate change.

500 pm
e

Figure 5. Light microscopy image showing mucilage (blue halo surrounding the root) and border cell production in a

Zea mays L. root tip (Jones, Nguyen, and Finlay, 2009).
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Organisms produce most of the mucilage as well. In addition, there are positive correlations between root
exudate organic acids and total microbes, fungi, Azotobacter, PSB, and PSF (Sumarsih, Nugroho, and
Widyastuti, 2017).

The invention and use of sciences and technologies, including insecticides, nitrogen- and phosphorus-rich
fertilizers, and improvements in plant breeding and genetic technologies, led to a huge increase in
agricultural production following the "green revelation™. However, in the last 20 years, many key crop yields
have plateaued (Thirkell, Charters, Elliott, Sait, and Field, 2017). It is estimated that by 2050, the need to
increase agricultural productivity by at least 70% can be met using sustainable agricultural management.
Because of environmental pollution problems, the role of soil biodiversity, particularly arbuscular
mycorrhizal (AM) fungi, will become more important. More importantly, because of severe extreme climate
events, future agricultural productivity needs to become more resistant and resilient, and agriculture
production and management needs to become climate-smart (Lipper et al., 2014).

With the population increase and increasing the intention of climate change on plant growth and soil quality
is a serious measurement for food security (Ortas, 2022). Due to mismanagement of agriculture, forestry, and
other land uses, global atmospheric gas emissions increased by nearly 80%, and projections suggest
continual increases from 1940 to the present. This sustainable future is under pressure from climate change.

Crop production is sensitive to climate change. Climate change may affect crop production systems in
several ways, including direct and indirect effects such as changes in rainfall leading to drought or flooding,
warmer, or cooler temperatures leading to changes in the length of the growing season of plant species. In
addition, climate change may significantly affect the nutritional properties of many crops such as maize,
wheat, soybeans, and rice. According to Elbehri (2015), under high conditions of elevated CO2 levels, the
concentrations of minerals in wheat, rice, and soybeans are lower by up to 8%. Approximately 13% of
anthropogenic greenhouse gas emissions are attributed to agricultural practices (Metz, Davidson, Bosch,
Dave, and Meyer, 2007). Since crop and food production are sensitive to climate change, urgent mitigation is
required. The effect of climate change on agriculture is related to adverse growing conditions such as
drought and temperature increases. On the other hand, crop production can reduce the negative effects of
CO2 pressure on climate change. Improving crop and soil management practices can increase carbon storage
in plants and later in the soil.

Since increasing CO- concentrations in the atmosphere have a direct effect on soil warming or drought stress,
they also have indirect effects on plant-associated fungi (Augé, 2001). Poorter and Navas (2003) reported
that elevated CO- levels enhanced the aboveground biomass of C3 plants on average by 45%, whereas C4
plants showed an increase in their biomass production by only 12%. In previous studies, it has been shown
that with ambient CO, (350 mL L-1 ) rhizosphere organisms are grown, and as a result, C allocation
increases to the root area, external hyphae (Rillig and Allen, 1999), and internal hyphae of AMF. In addition,
there is a contrasting result showing no response to CO, effects on rhizosphere growth. Compant et al.
(2010) indicated that distinct mycorrhizal strains, plant genotypes, or specific associations respond
differently to altered environmental conditions. In our experience under field conditions, mycorrhizal
responses are diverse.

Root colonization is facilitated by rising temperatures and CO- levels, which are often increased. AMF could
consequently promote plant growth and nutrient uptake (Figure 6).
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Figure 6. Effect of mycorrhizae on plant growth under phytopathogen disease (Augé, 2001)

Most plant species (approximately 90% of plants) are growth-promoting microorganisms that colonize the
rhizosphere, which is influenced by root exudates and microorganisms (Smith and Read, 2010). Some
beneficial microorganisms enter the root systems of their hosts and enhance their beneficial effects.

AM fungi are considered a crucial biotechnological tool in crop production (Sitoe and Dames, 2022). Soil
microorganisms, such as mycorrhizal fungi and Rhizobium bacteria, have an important influence on soil
fertility and plant growth/health. Mycorrhizal fungi such as endophytes and PGPB have been applied as
biocontrol agents, bio fertilizers, and/or phytostimulators in agriculture (Lugtenberg and Kamilova, 2009).

Soil and crop management, soil types, and crop species play a significant role in mycorrhizae diversity and
effectiveness. AM diversity significantly contributes to mineral nutrient uptake (Ortas and Ustuner, 2014)
and water use efficiency (Brussaard, De Ruiter, and Brown, 2007). AM fungi specifically compete for
nutrients and water uptake , thereby reducing nutrients for other microbes such as decomposers (Sosa-
Hernandez, Leifheit, Ingraffia, and Rillig, 2019). Mycorrhizae and other beneficial soil organisms have
resilience against abiotic disturbances and stress factors. In agroecosystems, the relationships between
management, plant and soil biodiversity, soil structure, and nutrient and water use efficiencies were
investigated by Brussaard et al. (2007).

Myecorrhizae inoculated with most plants transfer organic carbon-based compounds (e.g., sugars and lipids)
to their fungal symbionts. As a symbiosis, the relationship between mycorrhizal fungi and plant roots is
usually considered to be a mutualistic interaction. Mycorrhizal fungi are essential in the formation and
functioning of sustainable global ecosystems (Field et al., 2020). It has great potential for the future of plants,
animals, and the planet in terms of food security and climate change (Figure 7).
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Figure 7. Underground nutrient and carbon exchange mechanisms (Ortas, 2022)

Arbuscular Mycorrhizae Role in Plant Restoration in Native Ecosystems

Due to increasing climate changes, it is expected that important changes will occur in the natural vegetation.
For example, some plant species may migrate to other areas where they will find new habitats, and some of
them may disappear. Due to this situation, it is expected that the Mediterranean areas, especially in Central
Anatolia and Southern Anatolia, will expand under drought and soil degradation, and pasture and natural
vegetation areas will decrease. As a result, the reduction of the natural mycorrhizal flora in the rhizosphere
zone of the plants in question may delay the development and adaptation of new plants. There is high plant
biodiversity in southern Turkey due to the floristic mixing of the warm temperate Mediterranean climate.

Mycorrhiza have several positive effects on soil and plant development.

Carbon (C) and nitrogen sequestration and mineral nutrient cycling are the many significant ecosystem
services provided by plant and mycorrhizal symbiosis. In terms of global climate change and the carbon
cycle, mycorrhizal fungi play a critical role in carbon sequestration in soils. All plant species, especially the
three plants, are major carbon sinks, and they play a vital role in mitigating the CO; gasses caused by climate
change.

While the increased amount of CO- in the atmosphere increases the abundance and activity of mycorrhizal
fungi, it increases the abundance of fungi in the case of increasing high temperature, but their activity in soil
nutrient transfer to plants decreases. At that time, SOC can be out of the rhizosphere part of roots, which is
essential for the mitigation of atmospheric CO.. In drought and warmer conditions, mycorrhizal fungi can
reduce plant stress and increase plant productivity. In European grassland communities, it has been reported
that AM fungi stimulate soil respiration of pasture soil, leading to elevated CO; levels and temperature, with
most carbon sequestered in belowground parts (Bahn et al., 2008).

Myecorrhizae contribute to soil nutrient cycling by enhancing plant mineral nitrogen uptake; increased
nitrogen in the plant is more likely to demand more carbon fixation, leading to enhanced microbial
development via increased root exudation(Ortas, 2019a). Since AM is competitive with other
microorganisms for nutrients and water, in the absence of AM in the rhizosphere, higher rhizodeposition
would stimulate microorganisms to stimulate SOM decomposition. According to (Bago, Pfeffer, and
Shachar-Hill, 2000), AM fungi receive up to 20% of a plant’s assimilates for their metabolism. After the
extra radical mycelium forms the root, exudates can be released and make an important contribution to SOM.
It has been reported by (Clemmensen et al., 2013) that in boreal forests, in subsoil, when root densities are
high in deep horizons, up to 70% of soil C can be root-derived. Sosa-Hernandez et al. (2019) indicated that
AM myecelium can be a crucial pathway of C to the SOM pool (Figure 8) when mycelial exudes organic
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compounds to soil parts more distant from the root system. The hyphae of mycorrhizal fungi play an
important role in maintaining soil structure, holding soil particles together, increasing soil aggregation, and
thus increasing soil pore size (Mardhiah, Caruso, Gurnell, and Rillig, 2016). Thus, keeping more carbon and
water in aggregates is critical for soil fertility and plant growth. In addition, they indicated that soil loss can
be explained by the combined effect of roots and AMF extra radical hyphae, and the unique effect of AMF
hyphal length significantly reduced soil loss. As can be seen in the figure. AMF has an important influence
on soil and plant parameters, which increase plant growth.

Co,

:

Figure 8. Role of mycorrhizae hypha on soil development (Sosa-Hernandez et al., 2019)

Mycorrhizae’s power of exploitation and management to facilitate a variety of sustainability programs in
agriculture such as conservation and restoration, considerations that are particularly relevant during this time
of global climate change and widespread depletion of natural resources. The role of soil biota, particularly
arbuscular mycorrhizal (AM) fungi, in carbon sequestration and sustainable agriculture is of paramount
importance. Orr, Rillig, and Jackson (2021) indicated that the anthropogenic stressors that are impacting
biodiversity and ecosystem functioning worldwide can be physical, chemical, and biological.

Recent AM fungal research results showed that plant and fungi species may play a key facilitative role in
belowground micro- and meso-organism community dynamics similar to those of a bioengineer.
Myecorrhizosphere dynamics are more interesting. Wrage et al. (2010) indicated that increasing temperatures
tend to increase the P mineralization of litter. Temperature increases by 5°C have been found to double the
colonization of roots by mycorrhiza. In addition, it has been reported that nitrogen mineralization was
enhanced by an average of 48% by temperature increases between 0.3°C and 6.0°C (Wrage et al., 2010).
Larger N uptake may stimulate phosphatase exudation and plant P uptake. In the presence of AM fungi,
phosphorus losses by 50% under both rainfall scenarios and nitrogen losses by 40% under high rainfall
intensity were reduced (Martinez-Garcia, De Deyn, Pugnaire, Kothamasi, and van der Heijden, 2017). This
means that the AM fungi reduced the nutrient leaching risk when rainfall intensity increased, which is
essential for future climate change on nutrient management in soil. Also, this finding is important under
climate change caused by increased rainfall AM fungi can enhance ecosystem resilience and reduce the
negative impact of increased precipitation on nutrient losses.

Myecorrhizae symbionts act as a barrier to the absorption of heavy metals by plants and reduce root-to-shoot
mineral translocation. The results of Amir, Lagrange, Hassaine, and Cavaloc (2013) indicate the potential of
selected native AMF isolates from native areas for ecological restoration of such degraded ecosystems. The
growth of many plants is tightly correlated with AM root colonization. Possibly for optimum growth and
nutrient uptake, the plant is planning to have root exudate and demand mycorrhizal colonization (Figure 9).
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Native microbial communities and mycorrhizal inoculation have a significant contribution to native plant
succession against invasive species. The results of Wilson, Hickman, and Williamson (2012) indicate that the
restoration of native AM fungal communities may be a fundamental consideration for the successful
establishment of native grasses in invaded sites.

Soil and Crop Management with Mycorrhizae Development, Crop Production, and P Uptake

In general, heavy tillage breaks down the soil structure, and as a result, this extra radical hyphal network is
disrupted, which can reduce the inoculation potential of the mycorrhizae spores (T. P. McGonigle, Miller,
and Young, 1999). Also, because of the breakdown of the hyphal network, the absorptive abilities of the
mycorrhizae hyphae can be reduced (T. P. McGonigle and Miller, 1999). Jansa et al. (2003) have shown that
under long-term field conditions, soil tillage changes microbial activity and nutrient content of the soil. T.P.
McGonigle, Evans, and Miller (1990) also reported that heavy tillage reduced root colonization of maize
plants and reduced the P and Zn contents of shoot parts.

It is quite clear that mycorrhizae are an essential component of ecosystem biodiversity and sustainability.
Myecorrhizae play a significant role in plant nutrition, water uptake and protection, and ecosystem services.
The applications of mycorrhizal fungi in sustainable agriculture and forestry systems can make an additional
contribution from nature to soil life. It is also important to manage soil organism, especially mycorrhizal
fungi, which is a powerful tool to fix more CO. from the atmosphere to soil through plant leaves and roots.
AM enhances the (SOC) pool, the development of the soil structure, and the transfer of atmospheric CO; to
the soil through photosynthesis is a crucial strategy for mitigation of climate change effects. In general, there
is a large difference between plant species in terms of mycorrhizal species inoculation and CO; fixation,
which is dependent on the C3, C4, and photosynthesis systems.

The effect of mycorrhizal inoculation and indigenous mycorrhizae effectiveness is much greater on soil
fertility, the effectiveness of spores, and the number of spores. There is a need to work more. A suitable soil-
crop management system will help mitigate climate change and ensure safe food security.
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Figure 9. Effect of AM fungi on stress factors and crop growth (Sitoe and Dames, 2022)
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Role of mycorrhizae fungi to tolerance to drought, temperature and salinity

Plant growth and soil quality are affected by environmental strass factors such as drought and salinity.
Increasing temperatures caused by climate change increase drought and salinity issues in many regions. In
many parts of world especially under the semi-arid climate conditions, because of miss managements of soil
and plant, more and more arable land are getting under salt conditions (Ortas, Rafique, and Cekig, 2021). A
significant portion of plant species develop a tolerance to salinity and drought thanks in large part to AM
fungi. The host plants' capacity to flourish in the face of stressors like drought is aided by AM fungus'
capacity to utilize soil resources. Soluble salt accumulation in the rhizosphere can lead to decreased water
potential (Li, George, Marschner, and Zhang, 1997) and, consequently, less water available for plant use.
The biggest threat to food security arises when these salts are absorbed by plants growing in these
conditions, as this can affect their physiological functions.

Mycorrhizal contributions to sustainability

Arbuscular mycorrhizal (AM) fungi were found in many native plant roots that grow in coastal southern
Turkey. Most native species were grown under natural conditions of poor and salty soil conditions that
depend on AM fungi. The symbiotic relationship between AM fungi species and native halophytic plants is
important in the marginal soil ecosystem (Jayachandran and Fisher, 2008). In addition, it is useful for the
restoration of native plants for healthy animal and human food quality. From viruses and fungi to big
mammals, animal life is controlled by epicontinental conditions. Because most plant species are directly
and/or indirectly affected by mycorrhizal inoculation, it is important to look at mycorrhizae in different
ways.

Atmospheric CO; concentration increases (Cotton, 2018) and changing temperatures have been shown to
affect the rate and quantities of carbon and mineral nutrients exchanged between mycorrhizae and plant
species (Gavito, Schweiger, and Jakobsen, 2003). With climate change in our region, land degradation
associated with unsustainable farming practices the crop yield does not increase, in those cases, it decreases.
In the last 20 years, many plants’ yields have plateaued despite increasing fertilizer and other inputs
(Grassini, Eskridge, and Cassman, 2013).

Under climate change conditions, the stability of carbon largely depends on the interactions and balances
between plants, mainly trees, and mycorrhizal fungi. CO, enrichment, temperature rise, increased N
deposition, soil degradation, and biological diversity losses are the main drivers of climate change and have a
significant impact on mycorrhizal functionality. Under climate change, mycorrhizae play an important role in
the resilience and recovery of forest ecosystems. The physiological function of mycorrhiza-like symbioses is
dependent on several abiotic and biotic factors (Field and Pressel, 2018).

Godfray et al. (2010) reported that there is significant potential to exploit the power of soil fungi in the
production of food. If mycorrhiza spores are successfully applied, mycorrhizae could help reduce agricultural
fertilizer inputs while maintaining and increasing crop vyields. Under the most natural conditions,
mycorrhizae inoculation has a competitive advantage over non-mycorrhizal plants (Chen, Arato, Borghi,
Nouri, and Reinhardt, 2018).

How Much Carbon Transfers from Plant to Fungus?

Plant-to-fungus C transfer is a very important fundamental aspect of mycorrhizal partnerships, particularly in
AM symbioses where the fungi, being obligate biotrophs, are entirely reliant on their host plants for organic
C (Smith and Read, 2010). It has been reported that plants may direct up to 50% of their photosynthesis to
their mycobionts in mycorrhizal partnerships (Soudzilovskaia et al., 2015). estimated that mycorrhiza
symbioses alone annually contribute significantly to global carbon emissions of 5 billion tons. Previously
(Douds, Johnson, and Koch, 1988) estimated that plants have transferred 4%—20% more photoassimilate to
mycorrhizal root systems. Also recently, it has been indicated that AMF might also have an unappreciated
role in plant host N nutrition. Since carbon and nitrogen control each other with a C: N ratio, it is important
to focus on the subjects.
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Under field conditions, the contribution of mycorrhiza to the mitigation of CO; emissions is important in
several ways. The results show that under field conditions, mycorrhizae-inoculated seedlings such as pepper,
melon, cucumber, and marrow produce up to 35 % yield increases in several horticultural plants (Ortas,
2019Db). This means that mycorrhizal colonization fixed more atmospheric CO; than non-colonized ones. The
biggest problem with using mycorrhizae under field conditions is the quality and effectiveness of
mycorrhizae spores. Indigenous mycorrhizal management is important.

CONCLUSION

Due to factors including a fast-expanding population, poor management of soil and plant resources, and the
negative effects of climate change, the existing level of food security is under increasing threat. Furthermore,
the exponential increase in the world’s population has increased the need for food production, putting
unprecedented strain on the earth’s natural resources. The environment and natural ecosystems have been
considerably transformed and disrupted by human activities during the past century, particularly those
connected to industrialization and agriculture.

Unsustainable agricultural methods, such as intensive soil tillage, improper irrigation, overuse of chemical
fertilizers and pesticides, and reliance on genetically modified organisms and seeds, are major contributors to
these problems. Soil deterioration and climate change are the results of these practices.

In this setting, the importance of mycorrhizal fungi in addressing food security and reducing climate change
appears to be a crucial and frequently disregarded factor. Mycorrhizal fungi may promote soil fertility, boost
plant health, boost agricultural yields, improve soil quality, and even store carbon from the environment. To
achieve food security and environmental sustainability in a changing world, the potential of mycorrhizal
fungi in agriculture and ecosystem management can be recognized and fully used.

However, there is still much that we do not fully comprehend regarding the intricate connections that exist
between mycorrhizal fungi, plants, and the environment, particularly considering climate change. To create
sustainable farming methods and guarantee food security despite environmental threats, research
understanding these relationships is essential. A more resilient and secure global food system will only be
possible with additional study and practical applications of this understanding.
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