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PREFACE 

Agriculture played a major role in humanity's transition to collective life. 

The hunter-gatherer communities that existed during the Stone Age gave way 

to people engaged in agriculture, giving rise to societies and states. Until the 

Industrial Revolution, agriculture was the main source of income for the 

majority of humanity. However, today there are visible developments in 

agriculture and the effects of technology. Significant changes took place in 

agriculture, especially during the 20th century. According to the Haber-Bosch 

process, the first artificial fertilizers were obtained using dung mixed with 

ammonium nitrate. Thanks to mechanization, which reduced the labor force in 

agriculture, a decrease in the number of workers in agriculture was observed. 

In response to the increase in production, unemployment increased. This book 

was created with the contributions of many researchers who are experts in their 

fields and aims to present the latest scientific developments on field crops to 

readers. We hope that this compilation will contribute to the agricultural sector 

and be a valuable resource for anyone interested in studies on field crops. 

Assoc. Prof. Dr. Gülşah BENGİSU1 
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INTRODUCTION 

Factors such as health – nutritive foods, improving security, reducing 

indigence and sustainability of environment have become staminal due to the 

disease epidemic. Increasing the capacity of products and food production, with 

sufficient focus on sustainability and safety, has turned into the most important 

priority, especially along with the epidemic period (Doruk Kahraman and 

Kahraman, 2023; Sridhar et al., 2023). 

The dynamic economy of countries is one of the essential issues for 

managers to be self-sufficient and have power in all matters, including social, 

political, and cultural building blocks. Agriculture is one of the basic economic 

dynamics of the Afghan people, on whom the living conditions of a large part 

of the society are closely tied and which is known as the turning point of the 

society in this geography (Anonymous, 2022a; Davies et al., 2024; Khan et al., 

2024). For many years, Afghanistan has become a country that immigrates to 

many countries of the world due to wars, internal conflicts, instabilities and 

security problems. Many Afghan citizens try to survive in different countries as 

refugees, asylum seekers or irregular immigrants (Kara and Kaya Tilbe, 2023; 

Mujtaba et al., 2024). Today's Afghanistan, formerly known as Khorasan, had 

developed agricultural and irrigation systems in the middle Ages. The Arabs 

were so surprised to see these systems that they named one of Basra's rivers 

Marghab in the 8th century. Dams were built in Sistan to divert the water in the 

Helmand River. Likewise, the waters of the Amu, Harirud and Kabul Rivers 

were used by building canals. Sistan was considered as a cereal storehouse. 

Khorasan people knew very well the land they used for agriculture. They would 

dig the soil to a depth of 2-3 meters, pound the clay in a mortar and pour water, 

and then filter the water and taste it. If the water tasted good, the soil was 

suitable for agriculture; if it was salty, they found it unsuitable for grain 

cultivation. They were also aware that soil fertility could be increased by using 

agricultural rotation systems. They divided the soil into different types such as 
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sandy soil, gravelly soil, yellow soil, black soil, red soil (Dupree, 1977; Meraj 

et al., 2024). 

Almost 90% of Afghanistan's people derive most of their production 

from the agricultural sector. A few small factories operating especially in the 

cities of Herat, Kabul, and Mazar-e-Sharif do not have an increasing impact on 

the production process that can meet the needs of the people. Since there is no 

serious support for domestic industrial production in Afghanistan, factories face 

problems of low profits, low quality goods, lack of a reliable consumer market, 

lack of production standards, lack of insurance against accidents, and lack of 

electricity. In this state, domestic production will go bankrupt in a short time 

and, unable to compete with the arrival of foreign goods, it will inevitably 

surrender to the glory of imported goods (Anonymous, 2022b). In the past, 

Afghanistan was one of the major exporters of livestock products and dried 

fruits, but three decades of war destroyed the infrastructure in this country, 

limited the development of agriculture and caused serious damage to economic 

growth and the agricultural process. However, despite all these problems that 

create structural limitations for Afghanistan, agriculture can be a driving engine 

for economic growth and salvation in this country due to the presence of many 

talents and potentials in this country (Anonymous, 2022c; Aziz, 2024). 

Agricultural sustainability and development can be achieved by realizing and 

utilizing this potential. 

The total area of Afghanistan is 634,547 square kilometers and it ranks 

41st in the world in terms of size. Approximately 80% of the country consists 

of mountains, deserts, and semi-deserts, 7.2% of which is forests, 4.46% is 

meadows and 9.38% is residential areas. Approximately 9,610,000 hectares of 

land is agricultural land. A country like Afghanistan, located in an arid and 

semi-arid geographical region in terms of climate, struggles with the 

phenomenon of global "water scarcity" more than other countries in the region. 

Based on what has been said, due to the "water scarcity" problem, only about 
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half of all arable lands are cultivated and only this much area is engaged in 

agricultural activities. It should be noted that although Afghanistan is one of 

the countries with sufficient water resources, the lack of use of water resources 

in recent years and successive droughts have caused more than 75% of the 

country's water to flow to Iran. Official statistics of the Ministry of Energy and 

Water of Pakistan and Turkmenistan show that approximately 75 billion cubic 

meters of water is produced in Afghanistan every year, but people can use only 

25% of it (Kabuli, 1996; Martin, 2011; Anonymous, 2022d; Hussainzada et al., 

2023). 

The main resources of agricultural activities are water and soil. Although 

Afghanistan has important underground water resources, it has not been 

successful in using these resources, which are vital for the country's residents, 

due to inaccuracies in water management and policies. In addition to the use of 

these weak water resources in the agricultural sector, the drilling of deep wells 

in major cities of this country such as Kabul destroys the underground layers. 

The irrigation network in Afghanistan is traditional and water wastage in this 

system is very high, so one of the important and effective solutions to deal with 

the problem of water scarcity is to create modern drip irrigation networks to 

minimize water wastage. Disorganization of agricultural lands and 

unpredictable water resources are the main problems of agricultural 

development in Afghanistan. Afghanistan is a country divided into two types 

in terms of geographical and climatic division: flat and semi-plain, and 

mountainous and semi-mountainous (Anonymous, 2022d; Barfield, 2022; 

Amiri and Habibyar, 2023). According to the information of the Afghanistan 

Central Bureau of Statistics, 18,000 of approximately 40,000 villages are 

located in mountainous regions. Approximately 12,000 villages are plain areas 

and the rest in semi-plain areas. The land type also differs by region. Nuristan 

province is 97% mountainous, Daikundi is 90% mountainous, and Herat 

province is 53% mountainous. As a result of these irregularities, the size of 
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agricultural land is small and there is no opportunity to expand the cultivated 

area available to families. Most of these landowners cannot produce their basic 

food needs from these lands and are dependent on off-farm activities to obtain 

raw materials (Gobar, 1989; Shroder et al., 2022). 

AGRICULTURAL FINANCE AND SUSTAINABLE 

AGRICULTURE 

Sustainability has been a vital goal for all the sectors of industry, leading 

to the using of renewable type resources as an alternative for ecology in a rising 

trend worldwide (Pereira et al., 2022). Looking at the issue of sustainability 

from another perspective, technological development, and innovation in 

production in recent centuries have predominantly helped create better life 

conditions. On the other hand, it has also caused many difficulties for a 

sustainable environment. The basic source of greenhouse gas emissions is the 

use of fossil fuels in many areas such as providing electrical energy, agricultural 

production activities and transportation (Chen and Zhu, 2022). It has been 

stated that the concept of sustainability can be achieved by simultaneously 

protecting the environment, maintaining economic development by ensuring 

economic growth, and promoting equality (Portney, 2015). The expectation that 

the increase in the generally known human population will continue in the 

coming years and, together with the losses in arable land, will increase the role 

of plant disease control methods on factors such as security of food, 

development of economy, socially stable and landscape (Carroll et al., 2018). 

Sustainability innovations include improving quality at the product stage, using 

less input and energy, more environmentally friendly inputs, environmentally 

friendly packaging, recycling and reuse and eco-labelling. It aims to provide 

reduced emissions during the processing phase, less waste, recycling and reuse, 

and less input and energy (such as electricity, gas, oil, coal) consumption 

(Hermundsdottir and Aspelund, 2021). The fact that pesticide residues used 
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extensively in agricultural production remain in fields, pastures, human 

properties, rivers, and nature for many years poses a risk to the health of people, 

farm animals and wildlife, and causes environmental pollution both physically 

and biologically (Sponsler et al., 2019). 

Goals of sustainable development stated that the situation is much worse 

in developing countries, and that poverty and individuals being away from 

proper nutrition will lead to serious socio-economic losses in sectors such as 

human rights and education (Anonymous, 2019; Anonymous, 2023). Global 

epidemics and wars have negatively affected both agricultural activities and 

food security and have significantly increased the degree of hunger in the world 

(Hassen and Bilali, 2022). Changing climate conditions with the epidemic 

destroy crops, and extreme weather events, floods, droughts, or political turmoil 

have a negative impact on many sectors, especially the agricultural sector 

(Phillipson et al., 2020). Although efforts have long been made to develop 

various methods and laws to make international food security sustainable, 

currently approximately one in ten people face serious food insecurity (Viana 

et al., 2022). High food prices and lack of transparency in products lead to a 

lack of information, reducing consumers' demand for organic food (Ha et al., 

2019). If consumers' purchasing power is eased, their expectations for safe food 

supply and high-quality products increase. It is estimated that approximately 

one-third of the increase in global food production in the last decade is due to 

methods applied against plant diseases (Savary et al., 2019). On the other hand, 

sustainability reports prepared in recent years have an important role in 

monitoring the economic, environmental, and social performances of 

businesses and in informing their stakeholders. Businesses prepare 

sustainability reports as a communication tool by providing information about 

the environment, society, and corporate responsibilities (Michelon et al., 2015). 

Financial development strictly related with capital that is required for 

agricultural development, modern technology, and successful agricultural 
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solutions to be efficient. Therefore, ensuring sustainability in this regard 

requires financial institutions to solve the financial obstacles created in this 

sector with their own help and come to the aid of farmers. The sustainability 

reporting of many sectors was examined, and they concluded that the energy 

and financial sectors are making more efforts in this area (del Mar Alonso 

Almeida et al., 2014). Currently, the main institutions providing financial 

resources to Afghan farmers are traditional and local institutions that charge 

high interest on their loans due to the high risk of agricultural activities 

(Anonymous, 2022d). As it is known, people's survival depends on agriculture 

and agriculture is life. It is obvious that Afghanistan is an agricultural country, 

and agriculture has strategic importance in ensuring prosperity and self-

sufficiency (Shroder, 2006). Despite of Afghanistan is an agriculturally based 

country; nowadays, people cannot meet their principal needs and supply of food 

has become the main problem of the public (Sarwary, 2023; Simangan, 2023). 

However, due to the increasing development of this sector, a general campaign 

is needed to provide a completely new agricultural reform based on 

sustainability in Afghanistan. 

Present research aims to reveal the current problems for the development 

of field agriculture and keys for financial development in Afghanistan, evaluate 

the opportunities and present the results for sustainability. 

INVESTIGATION OF THE CURRENT SITUATION OF 

FARMERS IN AFGHANISTAN AND THE PRINCIPLES OF 

SUSTAINABILITY 

Afghanistan has a privilege position in world political history. The main 

factors about it are that the location Afghanistan country is type of inter-

continental and inter-regional geographical - strategic location. Location of 

Afghanistan is where between Uzbekistan, China, Turkmenistan, Tajikistan, 

Iran, and Pakistan. Afghanistan is the most ideal crossroads for entry and exit 
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to Central Asia, Warm Waters, and the Middle East, as well as the meeting 

point of Islamic, Chinese, and Indian cultures in terms of beliefs. For the control 

of Afghanistan, political, military, and economic conflicts called the "Great 

Game" took place in the 18th and 19th centuries. Afghanistan, which was 

previously controlled by England, came under Russian influence after it gained 

independence in 1918, was officially occupied by the Russians in 1979, and 

was cleared of occupation only after a 9-year struggle by establishing a joint 

front of the West and Islam. Afghanistan in the period from 1995 to 2001, when 

the relations between various countries and oil companies are examined, the 

process and reason for the occupation will be better understood, despite the 

fierce resistance since 2001 (Anonymous, 2022d; Ahmadi and Hikmat, 2024). 

The approximate population of Afghanistan is 38,928,346 people. The 

data are not the latest population values of Afghanistan but are based on 

estimated values. As a matter of fact, it is stated as 41.1 million in some sources 

(Anonymous, 2024a), and as 34.3 million in others (Anonymous, 2024b). The 

country has the 37th largest population in the world. Approximately 85% of 

Afghan people are engaged in agriculture (Ball, 2008). Afghanistan has 34 

cities and 398 districts. Each city in the country has its own regional 

government and capital. Just as there are city and district governments, regional 

governments also exist in the country. Kabul is the most populous city and 

capital of the entire country of Afghanistan. Kabul, which stands out with its 

economic activities and urbanization, has a population of 4 million. The total 

area of Afghanistan is 647,500 square kilometers. Only 2.36 million hectares 

of agricultural land across the country can be irrigated, and 5.46 million 

hectares of dry land are cultivated. Almost half of the country's arable land is 

cultivated (approximately 4 million hectares, corresponding to 6% of the 

country's total area), while most of the other half is infertile (Anonymous, 

2022c; Rasouli et al., 2023). This figure, which makes most of the Afghan 

people directly dependent on agriculture, is a significant figure compared to 
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neighboring countries. Because it is possible to easily see how dependent 

Afghanistan is on agriculture compared to a country like India, where 

approximately 32% of its population is engaged in agriculture (Dupreeand and 

Richard, 1976; Karimi, 2023). 

Unfortunately, agriculture in Afghanistan is carried out by producers 

with traditional systems and is far from the gifts of technology and modern 

agricultural methods. Apparently, producers are unable to meet the needs of a 

relatively small family, despite having abundant fertile land and sufficient 

water. For agricultural production to be highly productive and become an 

important industry in the country, it needs investment, attention from the 

government and authorities, and training and promotion of new agricultural 

methods. Unfortunately, official, and non-governmental organizations and 

international agricultural organizations responsible for this issue have not acted 

strongly in this field and have not been able to take significant measures. 

Farmers apply the same way their ancestors did 80 years ago, and their lives 

continue without any visible change, just like the lives of their ancestors. The 

small changes that took agriculture to a new stage in Afghanistan in the 1940s 

and 1950s failed with the onset of civil unrest. In this way, self-sufficiency will 

never be achieved in agricultural areas (Fazeel, 2008; Jamali et al., 2023). 

The development of agriculture is a vital issue for the country, which will 

affect all aspects of the life, including economic, political, and even security. 

During travels and visits to different parts of the country, it was found that 

agriculture is facing similar problems in all parts of the country. If the state and 

non-governmental organizations try to solve these problems, agriculture will 

undoubtedly change, develop, and become sustainable. 

In this section, the main factors affecting the sustainability of agricultural 

production and financial development in Afghanistan are listed. 
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Lack of Directors and Engineers 

The difficulties and costs of administering occupied countries are 

obvious. The existence of professional, researcher and devoted human besides 

the implementation of the correct strategies to spreading and growth of 

agriculture snd finance in the land are the basic and critical needs for the sector. 

The country, which has a shortage of trained people and managers, needs to 

train qualified people who are experts in their fields within the understanding 

of security and sustainable management (Nye and Welch, 2013; Anonymous, 

2022b; Miani et al., 2023). 

According to business management literature, entrepreneurship is 

defined as extraordinary activities carried out by individuals with extraordinary 

mindsets with the aim of maximizing profits. Entrepreneurs perceive and accept 

risks differently than others by seizing unnoticed opportunities (Abu-Saifan, 

2012). 

Lack of Water 

In agriculture and human life, water plays the role of blood in the 

existence of life forms, and if it is cut off for a moment, death will come. 

Therefore, water is considered the most basic national wealth. A country with 

more water is richer, and optimum use of water indicates intellectual, scientific 

progress and economic growth. Developed countries make maximum use of 

water resources in various dimensions of life, from transportation to energy 

production, from industry to most importantly agriculture (Anonymous, 

2022b). 

One of the biggest limiting factors of agriculture in Afghanistan is water 

scarcity. Even though Afghanistan country is rich by water resources, it faces 

shortage of water due to water management is not controlled and is not used 

propely. For example, the cities of Baghlan, Kunduz and Tahar in Afghanistan 

are considered the most important rice production areas. Because these regions 
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have the necessary land and water resources for rice production. Other rice 

production areas in the country are the cities of Laghman, Herat and Nangarhar, 

which are in the temperate climate zone and have relatively warm and humid 

winters (Atwood, 2008).  

Afghanistan is a mountainous country and rich in water resources. Nearly 

two hundred rivers, large and small, flow from the high mountains. The most 

important of these are the Amu River, Helmand River, Hari River, Kabul River, 

Balkh River, Baghlan River, Marghab River and Arghandab River. 

Unfortunately, the water of most of Afghanistan's rivers leaves this country's 

territory and flows into neighboring countries, and this country is the main 

water supplier of four neighboring countries and is considered one of their 

water resources. Afghanistan has experienced not only droughts, but also 

painful scarcity many times and for years (Anonymous, 2022b).  

Most of the snow that falls in winter melts during summer season. Easter 

parts of Afghanistan, where the altitude is higher, an accumulation of snow that 

helps store water resources for a long time. Latest estimates show that the 

country has almost 75 billion cubic meters of potential - renewable resources 

of water per year, including 57 billion cubic meters of surface type water and 

besides groundwater that is around 18 billion cubic meters. Due to low rainfall, 

resources of surface water are the basic source for nutrients of the groundwater. 

Annual water consumption from surface waters is 20 billion cubic meters 

(Ahmad and Wasiq, 2004). Available data show that water resources in the 

country are sufficient to increase irrigation potential. However, the lack of 

irrigation infrastructure is seen as a very important obstacle today (Frenken and 

Gillet, 2012). 

There is very little involvement or coordination of irrigation activities at 

the federal level. The supply of labor needed for the installation of canals and 

other infrastructure equipment for irrigation and for maintenance and repair 

works is provided almost entirely by the families residing here, due to the 
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availability of land and the surface area of the villages (ICARDA, 2002). In 

addition to the sustainable use of agricultural lands, it is essential to bring 

uncultivated areas into agriculture. 

Based on this, by increasing the number of irrigated lands, rehabilitating 

drought-tolerant plants, evaluating the lands according to their quality and 

determining appropriate rotation systems, a decrease in fallow areas will be 

achieved, thus sustainability can be achieved. 

Scarcity of Agricultural Lands 

The most important production factor in the agricultural sector is soil. 

Because it plays a fundamental role in the production process of agricultural 

products. Lands are also used in other sectors of the economy. One of the 

important problems of Afghanistan agriculture is the lack of arable land 

(Anonymous, 2022c). Afghanistan's agricultural lands are located mostly in the 

northern, western, and southwestern regions of the country, such as Kunduz, 

Baghlan, Belkh, Jawzjan, Faryab, Badghis, Herat, Farah, Nimroz, Helmand and 

Kandahar provinces (Beyoğlu, 2002). Fertile land and water resources are 

decreasing, so production increases must primarily result from increased 

efficiency and productivity. Plant breeding has contributed to significant yield 

increases, especially in the last 100 years. Additionally, major increases in the 

use of chemical fertilizers, pesticides, irrigation water, and other productivity-

enhancing inputs have helped increase food production and feed the growing 

population (Qaim, 2020). 

Irregular Assignment of the Lands 

The share of land in the country has not been fair, and some of the past 

administrations distributed these lands to parties with political and military 

power and strong ethnic and official connections, based on some 

considerations. In addition, most of the vast lands were seized by the powerful, 

which in turn caused a heavy tax responsibility on the people, the spread of 



A VIEW OF AGRICULTURE FROM AN ACADEMIC PERSPECTIVE | 16 

 

bribery and political pressure. Thus, they caused the poor and those with less 

power to sell or give their lands to someone else. As the average piece size of 

agricultural land increases, profit and efficiency in agricultural production will 

increase and time loss will decrease. Land consolidation studies are very 

important in this respect (Anonymous, 2022c). 

Inadequacy of Financial and Agricultural Policies 

Considering Afghanistan is an agricultural sector-based country and the 

basis of country economy based on agriculture, unfortunately, this sector was 

not taken into consideration by some previous governments and could not be 

used as the country's agricultural facilities due to some administrators who did 

not have the knowledge. Although some measures were taken in the past for 

the development of agriculture, the results were not good due to the lack of 

competent and professional managers, the right strategy and financial 

development (Gazetteer and Ball, 1982). In this regard, it is of great importance 

that policies are especially aimed at cooperatives. The emergence of 

cooperatives took place gradually and is a clear sign of unity, harmony, trust, 

and partnership among people. Today, agricultural cooperatives are a formation 

that can create a leverage effect for economic development along with 

government policies to improve working conditions, improve production, 

improve social and economic conditions, and reduce poverty (Atayi, 2016). 

War and Security Risk 

The war and insecurity environment, which has lasted approximately 50 

years, has caused great detriment to the country's agricultural configuration. 

This situation has evoked to requirement of import. Ahead the war during 1979, 

while this country was able to meet its own internal needs, it was exporting 

large amounts of barley, wheat, pulses, millet, vegetables and fruits to Europe, 

India, and the Persian Gulf countries (Hole, 2012). After 2002, with the 

establishment of the new Afghan government, farmers began to establish many 
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agricultural cooperatives to improve their living conditions, which became 

more difficult due to the economic problems they encountered during the wars, 

and to meet their needs more easily (Anonymous, 2009). The main purpose of 

agricultural cooperatives in Afghanistan is to cooperate with the main 

justifications of meeting the needs of producers, improving social, economic, 

and cultural foundations, and promoting economic growth based on 

sustainability (Rahin, 2011). However, the very long war destroyed the 

infrastructure, restricted agricultural development, and harmed the economic 

growth process. Despite all the structural problems and constraints, 

Afghanistan's agricultural sector still has potential for growth and development. 

Lack of Knowledge of Modern Agriculture and Use of Old 

Methods 

Agriculture in Afghanistan is done by former and traditional methods 

owing to the shortcomings and negligence of policies. Spring waters and 

streams are used to irrigate the lands, while arid lands depend on rainfall. 

Producers still apply ancient and traditional cultivation methods. They have 

little knowledge and use of new tools, technologies, and techniques such as 

tractors that are gps based and combine harvesters, pumping and drip irrigation, 

well-adapted seeds, disease – insect - weed control pesticides (Anonymous, 

2022a).  

So that to overcome these problems, it is necessary to support farmers in 

alternative activities, inform them in terms of production techniques, and 

implement policies to change the traditional production model. The fact that 

agricultural enterprises have a traditional structure and farmers cannot 

implement innovations in agriculture hinders sustainability. This situation 

causes low product diversity in daily nutrition (Abdullah et al., 2024; Cele and 

Mudhara, 2024; Huo et al., 2024). 
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Inadequate - Poor Quality Fertilization and Lack of 

Information on Increasing Soil Fertility 

Farmers use fertilizers of animal and chemical based for crop production. 

Especially due to the shortage of fuel for heating purposes in the country, 

animal manure is used as domestic fuel, the remaining small amount is used in 

agriculture, and the supply of agricultural fertilizer is disrupted due to poverty 

and lack of chemical fertilizer. Today, many countries have established national 

fertilizer industries at varying scales depending on their needs or raw material 

resources, considering their long-term interests (Bilge and Artukoğlu, 2019).  

Fertilizers are substances that restore plant nutrients lost from the soil in 

plant production and increase the fertility of the soil. Fertilizers are effective in 

increase to yield in plant production as well as improving food quality. 

Fertilizers, among the inputs used in plant production, provide a yield increase 

of over 40% (Eraslan et al., 2010). In addition, plants with sufficient nutritional 

element content are resistant to diseases, while plants with inadequate 

nutritional element content increase their susceptibility to diseases. Nutrient 

element, nutritional status of the plant, type of plant and disease agent are the 

factors that affect the resistance of the plant to the disease. Micronutrients 

reduce the cell penetration and infection of pathogens by affecting both the cell 

wall strength and the structural integrity of membranes and by having a direct 

toxic effect on the pathogen (Çakmak et al., 2008). 

Insufficient Breeding Studies and Genetic Pool 

For meet the demands of the increasing population, the need for 

sustainable solutions that will protect plants from various stress factors, adapt 

to the ecology in which they are grown, and have high and stable yield and 

quality qualities is of critical importance. In addition to identifying and 

protecting genetic resources, it is important to carry out studies that increase 

productivity and improve quality. Characterizing the genetic diversity and 
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morphological characteristics of existing genotypes, that is, the success of any 

breeding program for improvement, depends on the genetic variability and 

selection efficiency in the base population. For successful selection, it is 

necessary to examine the nature of the relationship of the traits of interest to 

other traits of interest, as well as the genetic variability available for them. 

Breeding programs rely heavily on the variation found in genetic resources or 

plant germplasm, as this increases the likelihood of obtaining suitable varieties. 

Over the last decade, recent techniques have been noted to serve well the goals 

of molecular based - biotechnological plant breeding through the sustained 

release of plant genome sequences. From past to present, breeders have tried to 

transfer the resistance resources in wild plant species to cultural forms. Various 

plant disease resistance genes present in wild relative species of cultivated 

plants have been pyramided in commercial varieties. If breeding is started with 

many hybrid plants, the rate of finding genotypes with desired characteristics 

increases (Irish et al., 2008; Yılmaz et al., 2010; Correll et al., 2011; Doruk 

Kahraman, 2021; Kahraman and Gökmen, 2022; 2023; Singh et al., 2022).  

Feeding the world's population will require significant amendments in 

the global scale for food systems if it is to occur sustainably. The basic need is 

to produce more food by using the same or a smaller number of natural 

resources and to be sustainable. After a general assessment of the situation of 

global hunger and hidden hunger, the establishment of food security and 

agricultural development, especially in developing countries where poverty, 

hunger and malnutrition are high, it is obvious that the importance of classical 

and modern breeding practices and the protection of biodiversity will increase 

(Devaux et al., 2020).  

The diversity and genetic variability of a species is the most important 

step in understanding its use in breeding programs. As with all plant products, 

the development of new varieties that can meet changing producer and 

consumer demands is a priority in agriculture. Breeding studies that provide the 
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infrastructure for the fast and accurate development of new varieties and seeds 

are required. 

Lack of Cooperative Awareness and Financial Literacy 

Other important problems of farmers in this country are lack of 

information and industry, the absence of a proper market to sale and marketing 

of agricultural products, adequate vehicles and facilities for transportation and 

storage for agriculturally based products, absence of support by government, 

security problems (Doruk Kahraman and Gökmen, 2021; Hassan et al., 2024; 

Li et al., 2024; Salman and Wang, 2024).  

Cooperatives are important organizations that contribute to sustainable 

economic growth, stability, and employment quality. Looking at the big picture 

on the subject, when fishing cooperatives are included, approximately 32% of 

cooperatives worldwide consist of agricultural cooperatives (ICA, 2019). As a 

result of the widespread use of the cooperative system and understanding its 

importance, its contribution to producers and the country's economy will be 

significant. For example, in the European Union, the business volume of 

agricultural cooperatives is over 210 billion Euros, and cooperatives provide 

55% of agricultural inputs and market 60% of agricultural products. 

Cooperatives in Canada produce 35% of the world's total sugar production. In 

Uruguay, cooperatives produce 90% for whole production of milk, around 34 

percent of whole production of honey and 30% of production of wheat (Todaro, 

2012; Engin, 2018).  

Systems and tools such as data analytics to supply for farmers with 

accurate information on requirements such as rainfall and cycle of water, plant 

nutrition and fertilization, introduction, and use of modern techniques, 

informing on the optimum period to harvest to optimize output and enabling 

selection of the best crops to plant. Financial support sources for access should 

become widespread (Eastwood et al., 2021).  
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The world population has increased significantly in the last decade and 

is projected to reach 9.5 billion by the year of 2050s. Therefore, considering the 

increasing globally population, ensuring security of food is feasible by 

designing advanced agricultural systems that can be developed to the highest-

level efficiency and production by the minimum required inputs (Paravar et al., 

2023).  

In addition to all these issues, it is of great importance to implement 

sustainable agriculture principles and provide training on sustainable 

development – financial literacy. 

Organization in Afghanistan's agricultural sector is still underdeveloped 

and unstructured. The biggest reason for this is long-lasting wars and internal 

conflicts. It is known that when producers cannot come together and act 

together in cooperative formations, they are forced to sell their products to 

traders at low prices. Cooperatives are democratic organizations that rely on 

and derive their power from the people. Education is an issue that should be at 

the forefront in the work of all organizations within the public-based 

cooperative movement. 

MATERIAL AND METHOD 

Agricultural products produced in the country, which is in a strategic 

location, are mostly aimed at the domestic market and agricultural self-

sufficiency has not been achieved. According to published FAO data in 2019, 

the values of field crops production of Afghanistan were 2,872,571 ha for the 

cultivation area, and approximately 6.7 million tons were produced. The 

featured field crops are primarily wheat, corn, rice, legumes, barley, cotton, 

potatoes, sesame, and flax. Harvested areas for the wheat get a share 80 percent 

amongst field crops harvested area which is equal to 72 percent of total 

production. Other field crops (corn, rice, legumes, barley, cotton, potatoes, 

sesame, and flax) equal to almost 18 percent amongst the harvested area 
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(533,920 ha) that is equal to a share of 27% in the production amount 

(1,818,990 tons). Lack of managers and engineers, insufficiency of water, 

negligence of agricultural policies, war and insecurity environment, inadequacy 

of modern technical information, deficiencies in fertilization and plant 

nutrition, use of population characterized seeds that have lower yield and 

inadequacies in cultivation techniques - breeding studies, storage - marketing - 

training and publication issues. It is known that producers are experiencing 

significant difficulties due to deficiencies.  

This research was realized according to face-to-face interviews with 

randomly chosen producers from the northern regions of Afghanistan in 2022, 

with the aim of make evaluations regarding agriculturally sustainable 

production and sustainable financial development. Within the scope of the 

study, 20 questions were asked to a total of 100 randomly selected farmers to 

evaluate their situation in field crop production. The data obtained are 

expressed as percentage (%) (Kahraman, 2017; 2023). The data obtained within 

the framework of the research results are listed below. 

RESULTS AND DISCUSSION 

In this section, the questions asked to the research participants and the 

answers received are listed. Abbreviations are as follows: “QUE” for Question, 

“ANS” for Answer. 

QUESTION (QUE) 1): In how much area do you produce field crops? 

[1 decare (da) = 1000 square meters] 

ANSWER (ANS) 1): 

a) From 0 to 50 da = 45% 

b) From 50 to 100 da = 34% 

c) From 100 to 150 da = 9% 
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d) From 150 to 200 da = 7% 

e) More than 200 da = 5% 

According to the research results, it was determined that many of the 

farmers (45%) participating in the survey had very small lands (0-50 da). 34% 

of the producers have an area of 50-100 decares, 9% have an area of 100-150 

decares, 7% have an area of 150-200 decares, and 5% have agricultural 

production on an area of more than 200 decares. 

QUE 2): How many years have you been dealing with field crop 

production? 

ANS 2): 

a) From 0 to 5 years = 22% 

b) From 5 to 10 years = 36% 

c) From 10 to 15 years = 15% 

d) From 15 to 20 years = 16% 

e) More than 20 years = 11% 

According to the results, 22% of the surveyed producers have been 

farming for at most 5 years, 36% have been farming for 5-10 years, 15% have 

been farming for 10-15 years, 16% have been farming for 15-20 years and 11% 

have been farming for more than 20 years. 

QUE 3):  Do you apply crop rotation? 

ANS 3): 

a) Yes = 24% 

b) No = 76%   
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It was determined that 24% of the farmers applied crop rotation, while 

the remaining 76% did not apply crop rotation. This situation is one of the main 

reasons for the low unit area yield values. 

QUE 4): Which plants do you rotate with? 

ANS 4): 

a) Wheat = 55% 

b) Potato = 5% 

c) Barley = 20% 

d) Oat = 5% 

e) Alfa alfa = 11% 

f) Tomato = 4% 

According to the results of the research, it was determined that he used 

the plant in rotation many of the farmers (55%) who participated in the survey 

planted wheat, 20% planted barley, 11% planted alfalfa, 5% planted potato and 

oat, and 4% planted tomatoes. 

QUE 5): Do you use certified seeds in the production of field crops? 

ANS 5): 

a) Yes = 26% 

b) No = 74% 

It was determined that most of the farmers participating in the survey 

(74%) did not use certified seeds in the production of field crops, while 26% 

used certified seeds. 
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QUE 6): Why don't you use certified seeds in the production of field 

crops? 

ANS 6): 

a) Due to lower yield = 14% 

b) Expensive = 79% 

c) They are not tolerant for diseases = 6% 

d) Since I have my own seeds = 1% 

According to the results of the research, the farmers stated that most of 

the farmers participating in the survey (79%) do not use certified seeds because 

the seeds are expensive, 14% because of low yield, 6% because they are not 

resistant to diseases, and 1% because they have their own seeds.  

QUE 7): Where do you get the seeds for field crop production? 

ANS 7): 

a) Own production = 39% 

b) Seed dealer = 33% 

c) Other farmers = 28% 

The results of the research showed that 39% of the farmers stated that 

they obtained seeds from their own production, 33% from seed dealers, and the 

remaining 28% from other farmers. 

QUE 8): What is your seed sowing method in field crop production? 

ANS 8): 

a) Spreading = 87% 

b) By seeder = 13% 
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While 87% of the producers who participated in the survey reported that 

they sowed by spreading method, the remaining 13% reported that they sowed 

with a seeder. 

QUE 9): Do you fertilize field crops? 

ANS 9): 

a) Yes = 86% 

b) No = 14% 

Research results determined that many of the farmers (86%) participating 

in the survey fertilized field crops. 

QUE 10): Which fertilizers do you use in field crop production? 

ANS 10): 

a) Animal manure = 32% 

b) Chemical manure = 68% 

Most of the farmers (68%) stated that they use chemical fertilizers.  

QUE 11): Which irrigation method do you use in field crop production? 

ANS 11): 

a) Drip irrigation = 25% 

b) Flood irrigation = 49% 

c) Sprinkler irrigation = %26 

According to the results of the research, many of the farmers 

participating in the survey (49%) reported using flood irrigation, 26% using 

sprinkler irrigation, and the remaining 25% using the drip irrigation method. 
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QUE 12): Do you have any income other than field crop production? 

ANS 12): 

a) Yes = 57% 

b) No = 43% 

Research results showed that 57% of the farmers stated that they had 

income other than production, and the remaining 43% stated that they had no 

income other than field crop production.  

QUE 13): Do you have the habit of regularly following agricultural news 

on the Internet, TV, or newspapers? 

ANS 13): 

a) Yes = 61% 

b) No = 39% 

It was determined that 61 percent of the producers participating in the 

research acquired the habit of regularly following agricultural information 

through channels such as the internet, TV, and newspapers.  

QUE 14): Do you apply the agricultural news you watch or read in your 

business? 

ANS 14): 

a) Yes = 75% 

b) No = 25% 

According to the results of the research, it was understood that many of 

the farmers (75%) who participated in the survey applied the agricultural news 

they watched or read in their businesses. 
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QUE 15): What kind of agricultural machinery, tools and equipment do 

you own? 

ANS 15): 

a) Seeder = 3% 

b) Plow = 47% 

c) Tractor = 50% 

It was determined that 47% of the farmers owned a plow, 50% owned a 

tractor, and only 3% owned a seeder.  

QUE 16): In your opinion, what are the most important problems of 

farmers regarding field crop production? (Responses were received in order of 

priority) 

ANS 16): 

a) Lack of Directors and Engineers = 29% 

b) Lack of water = 21% 

c) Security problems = 37% 

d) Poverty = 13% 

It was revealed that most of the farmers had problems due to security 

problems (37%) and lack of directors and engineers (29%). 

QUE 17): Would you like to produce field crops again in the coming 

years? 

ANS 17): 

a) Yes - Reason: We produce until we get a better crop, if I don't produce, 

we won't have food = 87% 
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b) No - Reason: I cannot produce because I do not have the opportunity 

= 13% 

It was determined that most of the farmers (87%) participating in the 

survey cultivated until they obtained a better product in order to meet their food 

needs. The statement of the remaining 13% stated that they will not be able to 

produce field crops in the coming years because they do not have the 

opportunity. 

QUE 18): How do you comment input prices in field crop production? 

ANS 18): 

a) Cheap = 47% 

b) Expensive = 50% 

c) Normal = 3% 

Research results implicated that 50% of the producers participating in the 

survey evaluated the input prices in field crop production as expensive, 47% 

evaluated the input prices in field crop production as cheap, and the remaining 

3% evaluated the input prices in field crop production as normal.  

QUE 19): What are the people and institutions you exchange information 

with regarding field crop production? 

ANS 19): 

a) Ministry of Agriculture = 57% 

b) Agricultural Engineer = 37% 

c) Nobody = 6% 
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Results of the present research showed that 57% of the farmers reported 

that they consulted with the Ministry of Agriculture and 37% with Agricultural 

engineers regarding production. 

QUE 20): After the seed sowing, how many times do you go to the field 

to check it until harvest? 

ANS 20): 

a) 3 times = 3% 

b) 5 times = 30% 

c) 8 times = 38% 

d) Never = 29% 

According to the results of the research, it was determined that 

most of the farmers participating in the survey (38%) went to their filed 

for 8 times or 5 times (30%), but 29% did not carry out control to the 

field. 

The solutions and programs mentioned above can only be 

implemented under the shadow of security, a strong government, 

valuable and servant-qualified administrators, comprehension, and 

national specification, on the other hand all efforts will be in vain (Boz, 

2004). 

In Afghanistan, the agricultural sector acts a decisive statue in 

development of economic owing to most of the people earn their basic 

needs from the land. If the leaders of Afghanistan are serious about the 

human welfare, the only solution to evolve the prosperity of the plurality 

in a short time is to first take steps to increase the production of farmers 

and then expand the market network by guaranteeing the purchase of 

these products (Cultural, 2010). Considering agricultural facilities in 
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Afghanistan, in case of using efficiently, it won’t be enough just to 

provide for their own needs in terms of food requirement, also would be 

able to export toward the other countries in the shortest time (Omrani et 

al., 2011). If 6 million hectares of arable land is opened to cultivation by 

building dams, canals and streams, all cultivated areas in the country will 

reach 14 million hectares (Kohzaad, 2002). 

CONCLUSIONS 

Based on the results of the research, the important issues for the 

development of agriculture and achieving sustainable development in 

Afghanistan are summarized as follows. 

1- Hiring qualified managers and training qualified people. 

2- Storing and holding of water, reducing fallow areas. 

3- Planning in the inheritance system and integration of the fields. 

4- Carrying out reforms in terms of ownership and management of 

agricultural lands. 

5- Development of deep-rooted policies for agricultural 

sustainability and financial development, state support for 

farmers and expansion of banks that will invest in this sector. 

6- Urgently stop of war, confusion, and chaos with the support of 

all states and the restructuring of security. 

7- Introducing farmers to new agricultural technologies and 

modernizing agriculture. 

8- Establishing the fertilizer supply chain, understanding the 

principles of plant nutrition, and introducing and extending the 

principles of sustainability in field use and finance. 
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9- Using classical and modern breeding methods, developing new 

plant varieties with high adaptability, efficiency, and quality - 

high added value, demanded in the world markets - and placing 

them in rotation systems. 

10- Establishing storage systems for agricultural products, 

establishing a marketing network, and preparing transportation 

routes, popularizing, and adopting cooperatives, carrying out 

agricultural - financial literacy education and publication 

activities more effectively, carrying out studies for the 

development of farmers and encouraging modern agriculture. 

It is essential to implement sustainable education projects for 

farmers to inform them about new farming methods that have given way 

to traditional agriculture in Afghanistan. Afghan farmers need to have 

knowledge about the types and methods of spraying, irrigation methods 

and cultivation stages of different products to combat diseases and pests. 

One of the important deficiencies is that the products are not protected 

from pests in different seasons since pesticides are not distributed to 

farmers at low prices and on time. 

Another important deficiency is the lack of a precise agricultural 

calendar for different regions of the country so that different products 

can be grown at certain times and in certain areas. The existence of such 

a calendar will greatly help increase the productivity of a country's 

agricultural lands and thus ensure sustainability. Another important 

problem is that there are no active agricultural cooperatives in the 

country that will provide the necessary facilities to farmers. The lack of 

modern high-capacity silo that can store different products is an 
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important problem for the farmers. The construction of silos all over the 

country is vital for a modern agriculture. 

It is necessary to establish short-term training workshops to 

provide farmers with basic training, especially on irrigation, planting, 

and harvesting. Similarly, workshops teaching farmers how to make the 

most of existing facilities are required. There are no agricultural banks 

to solve farmers' financial problems. There is a marketing weakness 

regarding the sale of agricultural products in domestic and foreign 

markets. Another problem is that chemical fertilizers and waste are not 

distributed correctly and on time. The extreme poverty of the villagers 

and their lack of access to new agricultural facilities and the fact that 

producers still use the basis of several hundred years ago are serious 

problems. It is of great importance that an accurate and comprehensive 

agricultural strategy is urgently created and that the government takes 

seriously the agricultural sector in Afghanistan as a key sector of 

economic growth. 

There is a great need to obtain accurate information about 

Afghanistan's agricultural lands based on a professional survey. Data on 

the distribution of available land and irrigated land are still unclear and 

there is no specific research in this area. Accurate information based on 

accurate surveys forms the basis of agricultural policies - cooperative 

awareness and financial development. Addressing the above-mentioned 

issues systematically and multidisciplinary to ensure sustainability will 

make serious contributions to Afghanistan agriculture, financial 

development, human welfare, complete independence and so freedom. 
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INTRODUCTION 

The hazelnut which belongs to Corylus genus in Betulaceae family is 

found in southern Europe in Spain, Sicily and Greece starting from Türkiye in 

Asia and spreading from the Caucasus to İran in the east and from Taurus 

Mountains in Anatolia to Syria and Lebanon in the south. Hazelnut grows in 

36°- 41° north latitudes and under specific climate conditions. Of the 13 

commonly recognized species of Corylus, only the European species (C. 

avellana) is widely planted for commercial production. According to 2022 

FAO data, hazelnut has been mostly cultivated respectively in Türkiye (765.000 

tons), Italy (98.670 tons), Azerbaijan (72.105 tons), USA (70.310 tons) and 

Georgia (33.400 tons). It is also cultivated in Chile (62.557 tons), China (24.696 

tons), Iran (13.407 tons) and Spain (8.040 tons). Türkiye is the biggest hazelnut 

producer in the world, supplying solely about 70 % of world production. 

Hazelnut (Corylus avellana) has impressive health benefits, wide range 

of usage areas and high economical importance in international trade. Hence, 

studies aiming to protecting and improving genotypes and boost production 

efficiency in hazelnut cultivation have been becoming increasingly more 

popular. In this context, breeding activities which are one of the most effective 

tools in solving many problems in plant production also in the foreground. New 

technologies in plant breeding provide significant advantages both in terms of 

time and in explaining issues where classical breeding methods are insufficient.  

Molecular methods are at the forefront of these technologies. Nowadays, with 

the development of molecular methods, many problems have been tried to be 

solved by the help of molecular studies. Molecular markers are used in plant 

studies for a wide of range of purposes including identification of genotypes, 

determination of genetic relations and diversity, investigation of genetic 

structures of germlasms, registration of varieties, identification of breedling 

lines and hybridity and varietal purity tests, assessment of plant resistance and 

adaptation capability, DNA marker mapping and study of simple inherited traits 
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with Marker-Assisted Selection (MAS) process, Quantitative Trait Loci (QTL) 

analyses and gene pyramiding. In the past 25 years, germplasm collections have 

been enlarged and a substantial body of information on the genetic control of 

traits generated. There has been an increase in marker assisted selection studies 

which have been conducted for many features. This situation has brought a 

different dimension to hazelnut breeding trials. 

Molecular markers have allowed studies of genetic diversity in the genus 

Corylus, construction of linkage maps, and marker-assisted selection for 

disease resistance. Genome and transcriptome sequences have been mined for 

DNA markers, and provide a foundation for the isolation of important genes. 

Application of classical methods in breeding studies conducted on 

identification of diseases and pests that could impact on hazelnut production, 

molecular characterization of isolates, interspecies hybridization, 

determination of pollen-stigma incompatibility, identification of hazelnut 

genotypes and determination of genetic relations is too much time-taking and 

provides insufficient data. Such drawbacks can be eliminated by application of 

molecular markers.  

In this section the general status of molecular studies on hazelnut in the 

world is summarised and evaluated, according to study purposes.  

1.1. Molecular Studies on Genetic Mapping of Hazelnut  

Hazelnut is an economically important tree nut for which demand 

currently exceeds supply. In response to this economic opportunity, plantings 

have expanded in many current production areas, and orchards have been 

established in areas new to hazelnut production. Nearly all world production is 

based on selections from the local, wild vegetation, and public breeding 

programs to improve Corylus avellana were not initiated until the 1960s. In the 

past 25 years, germplasm collections have been enlarged and a substantial body 

of information on the genetic control of traits generated.  
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Molecular markers have allowed studies of genetic diversity in the genus 

Corylus, construction of linkage maps, and marker-assisted selection for 

disease resistance. Genome and transcriptome sequences have been mined for 

DNA markers, and provide a foundation for the isolation of important genes.  

SSR markers are multiallelic, codominant, and suitable for automated 

analysis. In addition, primer sequences and data can be shared among 

laboratories. More than 330 SSR markers have been developed for hazelnut 

(Bassil et al., 2005a, 2005b; Boccacci et al., 2005; Gürcan et al., 2010a, 2010b; 

Gürcan & Mehlenbacher, 2010a, 2010b; Peterschmidt, 2013; Sathuvalli & 

Mehlenbacher, 2013) and the majority have been placed on the linkage map. 

The first linkage map consisting of 10 LGs covering 452 cM was constructed 

based on molecular analysis and field observations.  

Mehlenbacher et al. (2006) have constructed a linkage map of European 

hazelnut by RAPD and SSR markers using 144 seedlings from the cross ‘OSU 

252.146’ X ‘OSU 414.062’. The maternal map included 249 RAPD and 20 SSR 

markers and spanned a distance of 661 cM. The paternal map included 271 

RAPD and 28 SSR markers and spanned a distance of 812 cM. The maps were 

found to be quite dense, with an average of 2.6 cM between adjacent markers. 

In the same study, the S-locus, which controls pollen-stigma incompatibility, 

was placed on chromosome 5S where 6 markers were linked within a distance 

of 10 cM. Polymorphisms in coding regions are useful as molecular markers. 

Particularly SNPs are suggested to be applied in high efficiency genotyping 

studies. Gürcan & Mehlenbacher (2010a) developed polymorphic 

microsatellite markers for European hazelnut from the sequences of ISSR 

fragments and SSR flanking regions. 25 ISSR primers were used to generate 

fragments for cloning. Of the 70 loci developed from ISSR and SSR flanking 

sequences, 50 segregated in the mapping population and were assigned to 

linkage groups. Beltramo et al. (2014) reported that, a F1 progeny of the cross 

‘Tonda Gentile delle Langhe’ × ‘Hall’s Giant’ was obtained and plants of the 
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progeny were analyzed at 92 SSR loci. The initial results indicated a large 

variability of the traits for vigour and time of budburst. Bhattarai & 

Mehlenbacher (2018) mined the ‘Jefferson’ genome sequence to develop new 

polymorphic SSR markers with repeat motifs of 4, 5, or 6 bp and further 

saturated the reference hazelnut genetic linkage map. 

The first QTL analyses for hazelnut were presented by Beltramo et al. 

(2016). Fifteen QTLs were identified, including at least one major QTL for each 

of the three traits. A major QTL on LG_02 for time of leaf bud burst explained 

about 50 % of the PV. This is an initial step in the identification of chromosomal 

regions carrying genes of interest, which will be important for breeding 

programs and allow marker-assisted selection.  

Valentini et al. (2021) discussed a rational approach for mapping QTL 

for phenology-related traits, such as the time of male and female flowering, 

dichogamy, and the period required for nut maturation, with the aim of 

identifying quantitative trait loci (QTL) and specific genes associated with plant 

phenology. Overall, 71 QTLs were detected, of which 20 were identified as 

contributing to the time of male flowering, 15 to the time of female flowering, 

25 to dichogamy, and 11 to the time of nut maturity.  

1.2. Molecular Studies on Identification of Hazelnut Genotypes 

and Determination of Genetic Relations  

Isoenzymes began to be used over time due to difficulties such as not 

fully knowing the genetic control mechanism of phenotypic traits, insufficient 

variation and the long time it takes for the desired phenotypic traits to appear at 

the appropriate growth stage, but the impact of environmental factors on 

biochemical properties led plant breeders to molecular markers. The 

identification of both existing and existing genotypes obtained through 

selection studies is the most common use of molecular markers in plants. 

Research on this subject is also frequently encountered in hazelnut.  
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The taxonomy of Corylus has been investigated since the mid-nineteenth 

century, with the number of recognized species dependent on the emphasis 

placed by various authors on certain anatomical and morphological characters 

(Whitcher & Wen, 2001). Due to its outcrossing, highly heterozygous nature, 

substantial genetic diversity can be found in the pool of existing cultivars. This 

wide diversity, expressed as morphological, phenological, and DNA sequence 

variability, has been discussed by numerous authors, including more recently 

Mehlenbacher, (1991); Mehlenbacher, (1997); Boccacci & Botta (2010); 

Boccacci et al. (2008); Ferreira et al. (2010). World germplasm collections hold 

numerous cultivars, many of which are well characterized and, in recent years, 

have become more readily available for use in breeding and research efforts 

(Boccacci et al., 2008). 

Corylus species were classified into 4 groups to examine genetic 

relationships based on ITS region of the nuclear ribosomal DNA and 

chloroplast matK gene. The groups were assigned as follows: Group 1: C. 

avellana, C. maxima, C. americana, C. heterophylla; Group 2: C. colurna, C. 

chinensis, C. jacquemontii; Group 3: C. cornuta, C. california, C. sieboldiana 

and Group 4: C. ferox. Groups 1 and 2 included the shrub species while Group 

3 consisted of the tree species (Erdoğan, 1999).  

Galderisi et al., (1999) aimed to identify six hazelnut cultivars 

widespread in the Campania region (south Italy) by using RAPD technique. 

The analysed hazelnut cultivars were successfully distinguished by their 

RAPD fingerprints using the DNA primers U2, U3, U4, U11 and U14.  

Miaja et al. (2001) performed RAPD-marker based characterization of 

19 Italian hazelnut varieties and genotypes by using 30 RAPD primers. The 

dendrogram had two major groups of cultivars. The cultuvars 'Tombul', 

'Imperiale de Trebizonde', 'Fructo Rubro' and 'Jean's' were in the same group 

all of which have tubular husks.  
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In order to compare the genetic profiles of hazelnut cultivars ‘Tonda di 

Giffoni’, ‘Negret’, ‘Cosford’ and 23 clones of ‘Tonda Gentile delle Langhe’ 

and to detect any intra-varietal variability, Valentini et al. (2001) used 20 RAPD 

primers in 10 bp in size. The intra-varietal variability was detected with the 16 

primers and no polymorphism was identified between ‘Tonda Gentile delle 

Langhe’ clones.  

Nas et al. (2004) were conducted to assess clonal stability of hazelnuts 

generated from axillary buds cultured in vitro for long-term using RAPD. 

RAPD analysis did not reveal any somaclonal variation between donor plants 

from which in vitro cultures were initiated and micropropagated plants and no 

somacional variation was detected among in vitro-propagated plants. However, 

polymorphism (15.6%) was detected between the parent plant and its in vitro-

propagated progenies.  

Gantner & Okon (2009) assessed the genetic variability between six 

hazelnut cultivars which grow in Poland using RAPD markers. 30 decamer 

primers were selected from 80 primers. These primers yielded a total of 243 

bands, of which 146 were polymorphic. The phylogenetic tree showed that only 

three cultivars clustered together.  

Kafkas & Doğan (2009) investigated genetic relationships among 18 

Turkish hazelnut by using 25 RAPD primers, 25 ISSR primers, and eight AFLP 

primer pairs which generated a total of 434 polymorphic marker loci. Genetic 

similarity index values ranged from a high of 0.96 for ‘Kan’ and ‘UzunMusa’ 

to a low of 0.73 for ‘Yassi Badem’ and ‘Kalinkara’.  

In another study (Martins et al., 2009), Turkish and Portuguese hazelnut 

genotypes and three testers (‘Butler’, ‘Merveille’ and ‘Longue d’Espagne’ of 

hazelnut) were screened using 20 RAPD markers and 18 ISSR markers. The 

dendrograms generated with RAPD, ISSR and RAPD plus ISSR data, grouped 

the 18 genotypes in two main clusters. The first cluster, which contains all 
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hazelnut genotypes, could be divided into four sub-clusters. The second cluster 

was formed only by the Turkish hazelnut.  

Yılmaz (2009) aimed to define the pomological, morphological and 

genetic characterization of 16 Turkish hazelnut varieties and 64 genotypes by 

using RAPD and SSR methods in molecular characterization. The highest 

polymorhism (98 %) was detected with SSR followed by RAPD (81 %). 

Similarity coefficients in overall genotypes were between 0.12-0.98 in SSR and 

0.64-0.97 in RAPD.  

Ferreira et al. (2010) aimed to describe phenotypic variation in nut and 

husk traits and investigated genetic relationships among selections and cultivars 

using ISSR markers. The results suggested that the local accessions are closely 

related to each other, but are relatively distant from the standard cultivars of 

eastern Spain, Italy and the USA. 

Demir (2014) determined the molecular profile of hazelnut cultivars and 

accessions grown in Türkiye, and assessed their genetic relationships using 15 

Turkish hazelnut cultivars and 12 hazelnut accessions. Genetic relationships of 

hazelnut cultivars and accessions were assessed using 22 RAPD primers. The 

best polymorphism was obtained from OPAD-02 (5 polymorphic bands) 

primer. UPGMA cluster analysis of the data separated the 27 genotypes into 

two main groups. Most of the hazelnut cultivars were settled on the first group 

while ‘Kalınkara’, ‘İncekara’ and ‘Mincane’ cultivars and ‘FAE-190’ accession 

were placed on the second group. Depending on the genotypes, similarity ratios 

ranged between 0.364-0.974, with a mean value of 0.697. Overall, the results 

demonstrated a high level of polymorphism among hazelnut cultivars and 

accessions in Türkiye. 

Mohammedzedeh et al. (2014) investigated the phenotypic variation in 

morphological traits and genetic relationships among genotypes and cultivars 

of hazelnut using ISSR and RAPD markers. The genotypes were found to be 

phenotypically diverse. 10 ISSR and 15 RAPD primers, which generated 140 
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and 188 polymorphic fragments, respectively, were able to distinguish genetic 

variation among genotypes. The dendrograms based on both molecular data 

showed two main clusters with high variability between genotypes.  

Karakaya et al. (2023) aimed to assess phenotypic variation in nut traits 

and genetic diversity revealed by inter simple sequences repeat (ISSR) markers 

in hazelnut germplasm resources from the Eastern Black Sea Region. 

Molecular marker analysis yielded a total of 80 bands, 74 of which were 

polymorphic, from 9 inter simple sequence repeat primers. The rate of 

polymorphism varied between 66.7 % and 100.0 %. Similarity index of 

hazelnut cultivars and accessions was computed between 0.46 and 0.88. Study 

suggested that the accession H-1 with superior nut traits could be good genetic 

material for the development of new cultivars in future hazelnut breeding 

efforts.  

SSR markers have been used to fingerprint cultivars and characterize 

germplasm collections (Boccacci et al., 2006, 2008; Gökirmak et al., 2009; 

Gürcan et al., 2010b; Sathuvalli & Mehlenbacher, 2013). Most of the world’s 

cultivars are selections from local wild vegetation. In hazelnut, SSR markers 

were initially developed from DNA libraries enriched for specific repeats 

(Bassil et al., 2005a, 2005b; Boccacci et al., 2005; Gürcan et al., 2010a). Based 

on simple sequence repeat markers, most cultivars have been assigned to one 

of four major geographical groups: Central European, Black Sea, English or 

Spanish-Italian (Boccacci et al., 2006; Gökirmak et al., 2009). SSR markers are 

widely used in plant genetics and breeding, including studies of genetic 

diversity and evolution, association, gene flow, genetic mapping, gene tagging, 

gene cloning, cultivar identification, parentage analysis, identification of 

duplicates, marker-assisted selection (MAS), and quantitative trait locus (QTL) 

analysis (Hearne et al., 1992; Bassil et al., 2003; Ellegren, 2004; Kafkas et al., 

2009; Parida et al., 2009; Erdoğan et al., 2010; Gürcan et al., 2010b; Testolin 

& Cipriani, 2010; Boccacci et al., 2013; Mohammedzedeh et al., 2014; Zong et 
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al., 2015; Öztürk et al., 2017a, b., Bhattarai & Mehlenbacher, 2018; Fiore et al., 

2022; Karakaya et al., 2023).  

Bassil et al. (2003) used 12 SSR primers to detect differences among 19 

hazelnut genotypes. The primers were successful for identification of single 

alleles in in nine genotypes. It was suggested that they would be useful for 

establishment of clonal fingerprints, description of cultivars and genome 

mapping.  

Gökırmak et al. (2005) used 10 pairs of SSR primers to investigate genetic 

diversity in 272 cultivars of European hazelnut. Preliminary PCR results 

indicated that the SSR loci used in the study were highly polymorphic. 

Boccacci et al. (2006) studied on 78 hazelnut cultivars from various gene 

pools at 16 SSR loci in order to identify the genotypes and investigate their 

genetic relations. The northern European cultivars were found to evidently 

differentiate from the southern European ones and from the Turkish cultivars. 

Boccacci et al. (2008) used 16 SSR markers to fingerprint 18 hazelnut 

cultivars from northeastern Spain. Their microsatellite profiles were 

characterized and used to study the genetic diversity in 33 genotypes including 

local Spanish germplasm. In this study no new case of synonymy was detected. 

High genetic diversity (0.7) was observed in 33 genotypes, although a high 

number of them displayed a close genetic relationship. 

Gökırmak et al. (2009) used 21 SSR primers to investigate genetic 

diversity in 270 clonal accessions of European hazelnut (C. avellana). The 

resulting dendrogram in the study revealed four major geographical groups as: 

Central European, Black Sea, English and Spanish-Italian.  

In the study of Boccacci and Botta (2010), microsatellite data were 

obtained at 16 SSR loci for 75 accessions from Spain, Italy, Türkiye, and Iran. 

An excess of heterozygosity was observed in Spanish and Turkish gene pools, 

while a heterozygosis deficit was observed in Iranian samples. The Italian 
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accessions from Liguria region (North-West Italy) resulted genetically closer 

to varieties of Turkish origin than to Italian ones.  

Later, Gürcan & Mehlenbacher (2010a) developed SSRs from the 

sequences of inter simple sequence repeat (ISSR) markers and flanking regions. 

Gürcan et al. (2010a) investigated genetic diversity in 88 accessions from 

Türkiye, Georgia, Azerbaijan and compared with cultivars from Spain and Italy 

using 12 microsatellite loci. A high level of genetic diversity 

(He = 0.71, Ho = 0.70) was observed in the Black Sea accessions. Six Turkish 

accessions in the US hazelnut collections were found to be synonyms of 

cultivars in the Turkish collection in Giresun.  

Although about 525 SSR markers are publicly available in hazelnut, the 

majority contain di-nucleotide motifs which suffer from PCR artifacts that 

prevent automated scoring (Testolin & Cipriani, 2010).  

In the study of Boccacci et al. (2013), phenotypic variation in nut and husk 

traits was decribed and genetic relationships were investigated using ten SSR 

markers, 57 well-known references cultivars, and 19 wild accessions in five 

countries (Portugal, Spain, Italy, Slovenia, and Greece). The results indicated 

the existence of three primary centers of diversity in the Mediterranean basin: 

northwestern Spain (Tarragona) and southern Italy (Campania) in the West and 

Black Sea (Türkiye) in the East. Moreover, the data suggested the existence of 

secondary gene pools in the Iberian (Asturias) and Italian (Liguria and Latium) 

Peninsulas, where local varieties were recently domesticated from wild forms 

and/or from introduced ancient domesticated varieties.  

Leinemann et al. (2013) assessed the within and between-population 

differentiation of hazelnut, 20 natural populations from Germany, Italy and 

Hungary. Results for overall isozyme variability with Na 2.46 alleles per locus, 

allelic diversity (Ne) 1.39, expected heterozygosity He 21 % and 79 % 

polymorphic loci were in accordance with the findings of previous studies. The 

respective values for AFLPs were lower, but both marker systems revealed the 
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same level of about 3.5 % differentiation between populations. For cpSSR only 

the Italian sample showed within-population variation and the two haplotypes 

were completely differentiated from all other populations expressing a unique 

genetic structure with one single haplotype. Among the three marker systems 

AFLPs showed the best ability to differentiate between populations. While 

chloroplast markers were able to clearly distinguish only the Hungarian 

population, the nuclear markers revealed clear spatial genetic structures. The 

correlations between geographic and genetic distance was high for AFLPs. The 

correlograms illustrated this effect for all populations as well as for the German 

populations.  

Sathuvalli & Mehlenbacher (2013) developed SSR markers from bacterial 

artificial chromosome (BAC) sequences. SSRs have also been developed from 

sequences of the hazelnut transcriptome (Colburn et al., 2017) and genome 

(Bhattarai & Mehlenbacher, 2017), and sequences in public databases 

(Boccacci et al., 2015; Gürcan & Mehlenbacher, 2010b).  

Zong et al. (2015) applied 10 polymorphic SSR markers to evaluate the 

genetic diversity and population structure of 348 C. mandshurica individuals 

among populations in China. According to the coefficient of genetic 

differentiation (Fst = 0.1215), genetic variation within the populations (87.85 

%) were remarkably higher than among populations (12.15 %). The results 

further showed that there was obvious genetic differentiation among 

populations from Northeast China to North China. There are also studies on 

determination of hazelnut genotypes and genetic relations based on primer 

screening.  

Boccacci et al. (2005) developed 18 microsatellite loci in the European 

hazelnut using three enriched genomic libraries. They were evaluated on a set 

of 20 accessions of this species on the basis of number of alleles (mean: 7.1), 

expected heterozygosity (mean: 0.67), power of discrimination (mean: 0.77) 

and polymorphism information content (mean: 0.64). All primer pairs 
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amplified in all species, except for CaT-C505 in Corylus ferox and CaT-A114 

in Corylus californica.  

Helmstetter et al. (2020) used double digest restriction enzyme-associated 

DNA sequencing (ddRAD-seq) to investigate the genetic diversity and 

domestication of cultivated and wild hazelnuts in Türkiye. This included 200 

individuals from cultivated and wild hazelnut trees collected in the Black Sea 

region in Türkiye, along with related Corylus species and specimens from the 

United Kingdom, Georgia, and Italy. Population genetic analyses revealed that 

cultivated hazelnuts showed elevated heterozygosity compared to wild 

individuals, and that genetic similarity did not correlate well with cultivar 

names. This might be due to somatic mutations, propagation of natural hybrid 

hazelnuts germinated from fallen seeds, and/or propagation of a group of clones 

that physiologically look alike but are actually genotypically different. Marker 

screening has previously been performed for Turkish hazelnut varieties, using 

microsatellite markers were to investigate their genetic diversity (Kafkas et al., 

2009; Erdoğan et al., 2010; Gürcan et al., 2010b; Öztürk et al., 2017a, b).  

SNP markers were used to provide a higher resolution for DNA 

fingerprinting of diverse varieties, and to understand the population structure 

of cultivated hazelnut trees in Türkiye (Oztolan-Erol et al., 2021). 

Representatives of nine commercial hazelnut varieties collected from multiple 

locations both from the Giresun Hazelnut Research Institute collection and 

private orchards were sequenced, and their SNP profiles analyzed using 

population genetics methods. In total 1,048,575 SNPs were discovered across 

all individuals, greatly increasing the number of known nucleotide 

polymorphisms in hazelnut. Bryant et al. (2010) developed a set of SNPs for 

European hazelnut by exploiting the exceptional depth and breadth of 

transcriptome sequencing made possible by high-throughput RNA sequencing 

(RNA-seq). 5,398 SNPs were identified in the study. Previously, Torello 

Marinoni et al. (2018) identified 9,999 SNPs using a Genotyping-by-
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Sequencing approach, and generated saturated linkage maps for a segregating 

population of two parents, Tonda Gentile delle Langhe and Merveille de 

Bollwiller. The SNPs reported here are also potentially valuable for genetic and 

QTL mapping, although only a minority of loci (10,645) were consistently 

retrieved from all individuals. This indicates a high level of genetic diversity 

between individuals, and high levels of heterozygosity found in cultivated 

accessions also necessitate careful selection of potential molecular markers.  

1.3. Molecular Studies on Resistance to Disease Causative 

Agents and Diseases in Hazelnut  

Molecular marker techniques are frequently used to determine the 

resistance status and levels of plant species to cold, drought and certain 

diseases, and to explain resistance mechanisms.  

Several defects have been reported in hazelnuts, such as the presence of 

blemishes, areas of discoloration, or stains in marked contrast with the rest of 

the kernel (Teviotdale et al., 2002). Hazelnut defects, defined as “rotten 

hazelnuts” by commercial evaluation, negatively impact kernel availability on 

the market as well as economics. The identification of the causal agents is 

critical in order to define and apply preventive actions, improve hazelnut yield 

and quality, and thus increase the market value.  

In order to investigate the fungi associated with defective hazelnuts with 

a special focus on the role of Diaporthe spp.; to characterize Diaporthe strains 

based on molecular techniques, using multi-locus phylogenetic species 

identification by means of ITS, tub, and EF1-α; and identify, at the sub-genus 

level; to analyze the genetic diversity of eastern filbert blight pathogen 

(Anisogramma anomala); to characterize Apple mosaic virus is aimed in 

hazelnut molecular studies.  

Davis & Mehlenbacher (1997) tried to identify a marker gene resistant 

to Eastern filbert blight disease in hazelnut by using RAPD technique. For this 

purpose, 500 primers were screened in 100 F1 progeny developed from the 
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cross ‘Willamette’ x ‘VR 6-28’. Of these primers, OPH-171200, OPH-19600, 

UBC-152800 and UBC- 173500 were found to be linked to resistance gene.  

Lunde et al. (2000) surveyed 90 hazelnut genotypes for response to the 

eastern filbert blight pathogen (Anisogramma anomala) by using primer UBC-

152800 which was linked to the resistance gene. Primer UBC-152800 was 

absent in six genotypes: ‘Closca Molla’, ‘Ratoli’, ‘Potomac’, ‘Yoder-5’, ‘Grand 

Traverse’, and ‘Medium Long’, which did not display signs of the pathogen or 

symptoms of disease.  

In the other study (Mehlenbacher et al., 2004), a total of 1,110 decamer 

primers were screened for RAPD markers linked to a dominant allele in 

hazelnut (Corylus avellana) that confers resistance to eastern filbert blight 

caused by Anisogramma anomala. Twenty RAPD markers linked in coupling, 

and five markers linked in repulsion, were found. Seven markers were 

sufficiently robust to allow their use in marker-assisted selection. These 

included AA12(850) which showed no recombination, and six markers on one 

side of the resistance locus: 173(500), 152(800), 122(825), 275(1130), 

H19(650) and O16(1250). The 16 markers closest to the resistance locus were 

cloned and sequenced.  

Chen et al. (2005) identified five AFLP markers linked in coupling to 

resistance to Eastern filbert blight caused by Anisogramma anomala. B2-125 

was located on one side of the resistance locus at a distance of 4.1 cM, while 

A4-265 (9.2 cM), C2-175 (5.9 cM) and D8-350 (2.5 cM) were on the other side, 

and A8-150 cosegregated with resistance. Sathuvalli & Mehlenbacher (2010) 

suggested that a dominant allele at a single locus from the obsolete pollenizer 

'Gasaway' confers complete resistance to EFB (Eastern Filbert Blight) disease. 

New SCAR and SSCP markers were developed from 36 BAC end sequences 

and a fine map of the resistance region was constructed. The map spaned 3.7 

cM and had an average interval of 0.3 cM between markers. Sathuvalli et al. 

(2011) studied segregation for disease response in two progenies from crosses 
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of Ratoli with susceptible selections and identified linked DNA markers. About 

half of the seedlings were resistant, suggesting control by a dominant allele at 

a single locus. A total of 900 RAPD primers and 64 AFLP primer combinations 

were screened. Four RAPD markers and two ALFP markers were identified 

and a linkage map was constructed. Based on co-segregation with SSR markers, 

Ratoli resistance was assigned to linkage group 7 while Gasaway resistance is 

on linkage group 6. Koma et al. (2021) discuss the genetic resistance to control 

the disease Eastern Filbert Blight caused by Anisogramma anomala (Peck) E. 

Müller. New simple sequence repeat (SSR) markers were developed for the 

resistance region on LG6, and new sources of resistance were investigated. In 

total, 42 new SSR markers were developed from four contigs in the genome 

sequence of cv ‘Jefferson’ released by the Oregon State University breeding 

program. These new LG6 resistance sources and SSR markers may be useful in 

breeding new cultivars.  

Sathuvalli & Mehlenbacher (2010) revealed that the European hazelnut 

could serve as a model plant for the Betulaceae. A bacterial artificial 

chromosome (BAC) library for 'Jefferson' hazelnut was constructed using the 

cloning enzyme MboI and the vector pECBAC1 (BamHI site). The library 

consists of 39,936 clones arrayed in 104,384-well microtitre plates with a mean 

insert size of 117 kb. It provides a valuable resource for the map-based cloning 

of two important genes, the resistance gene from 'Gasaway' that confers 

resistance to eastern filbert blight caused by the fungus Anisogramma anomala 

(Peck) E. Müller and the S locus that controls pollen-stigma incompatibility. 

Fine mapping at the disease resistance locus showed that markers W07-375 and 

X01-825 flanked the resistance locus. The S locus is flanked by markers 204-

950 and KG819-200.  

Ertunç et al. (2011) studied molecular characterization of Apple mosaic 

virus (ApMV) in Turkish and Ukrainian Isolates and compared these isolates 
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to determine genome differences. The findings revealed 99% similarity 

between the isolates of two countries.  

In the other study conducted by Vitale et al. (2011), ısolate 

characterization of Fusarium lateritium, reported as the causal agent of nut gray 

necrosis (NGN) on hazelnut was undertaken in a study to investigate how 

morphological and molecular diversity was associated with host and 

geographic origin.  

Peterschmidt (2013) focused on developing new microsatellite markers 

from hazelnut transcriptome sequences and on disease resistance from three 

accessions ('Culpla', 'Crvenje' and OSU 495.072) which showed no disease 

symptoms following a series of inoculations. They utilized the transcriptome 

sequence from 'Jefferson' hazelnut to mine for microsatellites, align with the 

genomic sequence, design primers, screen for polymorphism, and characterize 

and map polymorphic markers. A total of 1432 microsatellites were mined from 

the transcriptome sequence, and the most frequently found motifs were AG 

(35.8 %), AT (13.3 %), and AAG (12.7 %), and 382 primer pairs were designed. 

Screening showed that 119 markers were polymorphic. Fifty-three markers that 

segregated in the mapping population or in three alternate populations were 

mapped and assigned to linkage groups. Diaporthe spp. fungi appears as 

necrotic spots on kernel surfaces and causes internal browning that is visible 

after cutting the nut in half (half-cut). In a previous study in the Caucasus 

region, Diaporthe spp. was identified as the crucial genus involved in causing 

hazelnut defects. Only three strains were identified at the species level in the 

study, but this suggested that Diaporthe eres was responsible for the visible 

brown spots on the kernel surface and the internal discoloration observable after 

the nut was cut in half (Battilani et al. 2018). Diaporthe eres was also recently 

reported by other authors as associated with hazelnut trunk cankers in Oregon 

(Wiman et al., 2019), while Diaporthe foeniculina was mentioned by Guerrero 

et al. (2019) as causing black tip and necrotic spots on hazelnut kernels in Chile 
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and Diaporthe rudis was detected in hazelnut kernels with visible mold in 

Oregon (Pscheidt et al., 2019). Since their discovery, Diaporthe spp. and their 

asexual stage Phomopsis spp. have been identified based on morphology and 

host association (Uecker, 1988; Ferreira et al., 2015). However, the association 

between host and species is not reliable within the Diaporthe genus as an 

identification criterion (Gomes et al., 2013; Udayanga et al., 2014a,b). It has 

been observed that the same Diaporthe spp. colonizes different hosts, and the 

co-occurrence of different species is commonly reported in the same host 

(Rehner  &  Uecker, 1994; Mostert et al., 2001; Guarnaccia et al., 2016; 

Guarnaccia & Crous, 2017). Additionally, many studies have recently claimed 

that morphology is generally not conclusive for identification at the species 

level due to the high complexity of the Diaporthe genus (Santos et al., 2010; 

Udayanga et al., 2011; Dissanayake et al., 2017a,b). Therefore, by using 

molecular approaches, substantial progress regarding the identification and 

characterization of emerging pathogens in the Diaporthe genus has been 

realized (Santos & Phillips, 2009; Diogo et al., 2010; Luongo et al., 2011; 

Udayanga et al., 2012a,b; Thomidis et al., 2013; Gao et al., 2017; Guarnaccia 

& Crous, 2017).  

Arciuolo et al. (2020) investigated the fungi associated with defective 

hazelnuts in Türkiye, with a special focus on the role of Diaporthe spp., 

characterized Diaporthe strains based on molecular techniques, using multi-

locus phylogenetic species identification by means of ITS, tub, and EF1-α; and 

dentified at the sub-genus level, the Diaporthe strains isolated from hazelnut 

kernels. Study presented that despite the heterogeneous nature of the hazelnut 

cultivable mycobiota, Diaporthe spp. are the only fungal species strongly 

associated with both internal and external defects in hazelnut kernels. A 

comparison of strains from different geographic origins showed that different 

species were responsible for similar symptoms (clade I versus clade III). 

Finally, a majority of Turkish Diaporthe strains are related to Diaporthe eres, 
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a well-known plant pathogen that has been previously reported in C. avellana. 

Future studies focusing on improved molecular-based species classification, 

particularly of those strains belonging to clades I and III, will prove to be 

valuable to clarify their role as causative agents of hazelnut defects, assist with 

developing control strategies, and increase the quality and quantity of available 

product that meets market requirements.  

1.4.  Molecular Studies on Incompatibility Alleles in Hazelnut 

Genotypes 

Hazelnuts are diploid (2n=2x=22), monoecious, dichogamous, wind-

pollinated and self incompatible, and thus cross-pollinated in neture (Bhattarai 

& Mehlenbacher, 2018).. Cross-pollination is enforced by sporophytic 

incompatibility (Thompson, 1979), which is controlled by a single locus (the 

S-locus) with multiple alleles (haplotypes). The genetics of incompatibility in 

Corylus was first studied based on diallelic crosses, and its self-incompatibility 

was shown to be of the sporophytic type and controlled by a single multiallelic 

S-locus (Thompson, 1979). Reports based on other experimental methods also 

supported this conclusion (Hampson et al., 1996, Heslop-Harrison et al., 1986). 

Because of the importance of SSI in breeding programs and commercial 

pollination, many efforts have focused on testing the compatibility of hazelnut 

crosses using fluorescence microscopy, identifying S-alleles, and analyzing the 

dominance relationships among them (Mehlenbacher, 1997; Erdogan et al., 

2005; Vicol et al., 2009). At present, 33 S-haplotypes are known in hazelnut 

(Mehlenbacher, 2014). SSI in hazelnut was first explored based on the 

hypothesis that the hazelnut genome contains homologs of Brassica S-locus 

genes. However, hybridization with an SLG probe was weak, indicating that 

the S-genes cloned from Brassica would not be useful for exploring SI in 

hazelnut (Hampson et al., 1996).  

Pomper et al. (1998) identified RAPD markers for self-incompatibility 

alleles that will allow marker-assisted selection of desired S-alleles in hazelnut. 
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DNA was extracted from young leaves collected from field-planted parents 

and 26 progeny of the cross OSU 23.017 (S1S12)×VR6-28 (S2S26) 

(OSU23×VR6). A total of 250 primers were screened, and one RAPD marker 

each was identified for alleles S2 (OPI07750) and S1 (OPJ141700). Both the S1 

and S2 markers were successfully cloned and 18 bp primers yielded the sole 

OPJ141700 product, while 24-bp primers yielded OPI07750 as well as an 

additional smaller product (700 bp) that was not polymorphic but was present 

in all of the S-genotypes examined. Bassil & Azerenko (2001) identified 

RAPD markers for self-incompatibility and cross pollen-grain incompatibility 

for in S1, S2, S3 alleles in hazelnut. The findings suggested that primers 

OPJ141700, OPI07750 and OPN201300 can be used for S1, S2, S3 alleles.  

Martins et al. (2012) identified the S-alleles present in a collection of 

Portuguese landraces. Ten major Portuguese hazelnut landraces were submitted 

to controlled pollinations in the field, with 18 genotypes whose S-alleles are 

known. Three landraces were revealed to have 𝑆2 allele, two have 𝑆5, and four 

have one of the 𝑆3, 𝑆5, 𝑆10, and 𝑆18 alleles.  

Ives et al. (2014) reported that pollen-stigma incompatibility in European 

hazelnut (Corylus avellana L.) is of the sporophytic type and under the control 

of a single locus with multiple alleles (haplotypes). The S-locus was previously 

assigned to linkage group 5 (LG5) and linked DNA markers were identified. 

The loci that control leaf color and style color are linked to the S-locus. 

Segregation for leaf and style color and S-alleles were investigated in two 

progenies, the loci were mapped, and the two new maps with the LG5 reference 

map were compared using SSR markers. The color loci and the S-locus mapped 

to LG5 between SSR markers B028 and B774. The SSR markers closest to the 

S-locus are KG819, KG847, and BR259. In progeny 05050, which segregated 

for style and leaf color, no recombination was observed between the two traits. 

The style color locus was placed very close to SSR marker B028 in both 

progenies. On the reference map, RAPD DNA markers 564-500M, 345-
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1050dF, and 204-950dF and ISSR marker 815-540dF were very close to the S-

locus. It is suggested that the identification of closely linked markers will 

facilitate the map-based cloning of the S-locus and color loci in hazelnut.  

To determine the mechanism of SI in Corylus, Li et al. (2020) carried out 

a comprehensive transcriptomic analysis for Ping’ou hybrid hazelnut (Corylus 

heterophylla × Corylus avellana). The identified sequences showed relatively 

high homology with all of the key genes involved in the SSI mechanism in 

Brassica. Li et al. (2020) cloned two full length cDNAs (ChaSRK1 and 

ChaSRK2) from Ping’ou hybrid hazelnut that were homologs of Brassica SRK 

using RACE techniques based on the unigenes selected from transcriptional 

data. It is examined the expression patterns of these genes using quantitative 

real-time PCR (qRT-PCR) and dual-color fluorescence in situ hybridization 

(FISH). Furthermore, it is cloned the homologs of ChaSRK1/2 from other 

cultivars and species using a pair of degenerate primers.  

Hou et al. (2022), highlighted the molecular mechanism of saprophytic 

self-incompatibility (SSI) in some Corylus spp. that remains currently largely 

unknown. From self-pollination experiments (‘Dawei’ _ ‘Dawei’) and cross-

pollination experiments (‘Dawei’ _ ‘Liaozhen No. 7’) and later an RNA-Seq 

analysis, the mechanism of pollen-stigma interactions was investigated to 

identify genes that may be responsible for SSI, discovering 19,163 up- and 

13,314 downregulated genes, some of these potentially involved in pollen 

stigma interactions and SSI mechanisms.  

1.5.Molecular Studies on Gene Expression in Hazelnut  

Within the scope of recent studies carried out in hazelnut, researches on 

topics such as gene expression analyzes performed on seeds at different 

maturation stages, the molecular mechanism of embryo abortion, analysis of 

some proteins that cause food allergy and are in the composition of hazelnuts, 

identification of genes effective in the unsaturated fatty acid biosynthesis 

pathway through genome evolution analysis is being carried out.  
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According to Rigola et al. (1998), unlike most of the angiosperms, which 

produce ovules during floral development such that they are ready for polen at 

anthesis, hazelnut ovary development is delayed and triggered by compatible 

pollination. In order to elucidate the mechanisms regulating this unusual 

process and the role of the MADS box genes in ovary development, a cDNA 

library from pollinated styles of hazelnut was screened with a mixture of 

MADS box genes from different plant species. CaMADS1 (C. avellana MADS 

box), a floral-specific MADS box gene, was isolated, and characterized as 

belonging to the sub-family of the AGAMOUS genes. A precise correlation 

was found between ovary development and CaMADS1 expression.  

Santino et al. (2003) reported that plant lipoxygenases (LOXs) are a class 

of dioxygenases which display diverse functions in several physiological 

processes such as growth, development and response to biotic and abiotic 

stresses. Even though LOXs have been characterized from several plant 

species, the physiological role of seed LOXs is still unclear. With the aim to 

better clarify the occurrence of LOXs and their influence on hazelnut seed 

quality, researchers carried out the biochemical and molecular characterization 

of the main LOX isoforms expressed during seed development. Gene 

expression analysis conducted on seeds at different maturation stages showed 

that LOXs are mainly expressed at early developmental stages. CavPrx 

represented a first putative stigmaspecific peroxidase of hazelnut, whose 

expression profile changes during flower development, with a maximum level 

in mature stigmas pollinated with compatible pollen (Beltramo et al., 2012). 

The identification of this new putative stigmatic peroxidases in hazelnut is a 

further opportunity to analyze and understand the specific function of stigma-

specific class III peroxidases and their role in flower fertility. Food allergy is 

increasingly prevalent in our societies and represents today an emerging public 

health problem affecting children, adolescents, and adults. This pathological 

reaction of the immune system is triggered by the exposure to a particular food 
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protein in sensitized individuals and the clinical symptoms can range in severity 

from mild to life-threatening (Yu et al., 2016, Benede et al., 2016, Dhondalay 

et al,. 2018).  

The research of Wei et al. (2021) discusses the regulation of auxin in 

ovary development, which is thought to be related to auxin response factors 

(ARFs). It is suggested that ChARF3 (C. heterophylla ARF3) may regulate 

ovary initiation and ovule development by mediating genes related to auxin 

biosynthesis and transport, cell division and proliferation, and flower and fruit 

development.  

Hazelnut (Corylus avellana L.) is one of the most commonly consumed 

nuts worldwide, either raw or roasted, being largely used by the food industry 

in a variety of processed foods including cakes, creams, chocolates, and 

confectionary products. Moreover, hazelnuts are generally regarded as “heart-

protective” foods and are considered important in human nutrition and health 

due to their protein, fatty acid, vitamins, essential minerals, essential amino 

acids, phenolics and dietary fiber composition (Costa et al., 2016). 

Nevertheless, they are one of the most common triggers of IgE-mediated food 

allergies, being a major source of allergens capable of inducing mild to severe 

allergic reactions (Nitride et al., 2013). Sensitization to hazelnut allergens vary 

depending on the geographic origin and age of the patients. The objective of 

the study (Blanc et al., 2015) was to further investigate the allergenic activity 

of hazelnut allergens using sera from patients recruited in various European 

regions and presenting different sensitization patterns to hazelnut proteins. 

Hazelnut allergic patients from Mediterranean countries are mainly sensitized 

to the nsLTP Cor a 8 whereas patients from France and Switzerland are 

sensitized to pollen-related allergens. Interestingly, an intermediate profile was 

evidenced in patients from Madrid. Hazelnut 7S globulin (Cor a 11) and 11S 

globulin (Cor a 9) were found to be minor allergens, recognized only by patients 

from Mediterranean countries. The biologic activity of the 4 tested allergens, 
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analysed by HR assay, further confirmed the sensitization patterns, but also 

demonstrated the very high elicitation potency of Cor a 8.  

In last few years, special attention has been given to food-induced 

allergies, in which hazelnut allergy is highlighted. Hazelnut is one of the most 

commonly consumed tree nuts, being largely used by the food industry in a 

variety of processed foods. Considering the great number of reports addressing 

hazelnut allergens, with an estimated increasing trend, Costa & Mafra (2016) 

intended to assemble all the relevant information available so far on the 

following main issues: prevalence of tree nut allergy, clinical threshold levels, 

molecular characterization of hazelnut allergens (Cor a 1, Cor a 2, Cor a 8, Cor 

a 9, Cor a 10, Cor a 11, Cor a 12, Cor a 14, and Cor a TLP) and their clinical 

relevance, and methodologies for detection of hazelnut allergens in foods. Due 

to hazelnut genetic diversity with the existence of many varieties, variety-

dependent differences in the IgE-binding properties may be suspected. 

Nevertheless, the results of the study of Ribeiro et al. (2020) do not support this 

hypothesis; although some minor differences were found at the level of genes 

encoding important allergens, namely Cor a 8, Cor a 9 and Cor a 14 for the 13 

hazelnut varieties under study, these results were not reflected at the level of 

IgE-reactivity analysis using sera from allergic individuals. Cor a 1.04 and Cor 

a 9 were the predominant immunoreactive allergens within the tested sera, 

while no IgE-binding was observed for Cor a 8. From this study, none of the 

hazelnut varieties seems to be promising in terms of potential 

hypoallergenicity.  

Liu et al. (2021) discussed the unclear mechanism underlying the 

adaptation of C. heterophylla to extremely low temperatures. Through genome 

evolution analysis, 17 expanded genes were identified, which were found to be 

significantly enriched in the unsaturated fatty acid biosynthesis pathway 

(ko01040). It was deduced that the expansion of these genes may promote a 
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high unsaturated fatty acid content in kernels and improve the adaptability of 

C. heterophylla to the cold climate of north-eastern China.  

RESULT 

It is seen that preliminary molecular studies on hazelnut primarily 

focused on genetic mapping, investigation of genetic relations, identification of 

genotypes from selected or diverse germplasms, determination of phylogenetic 

trees, morphological and phenological characterization. In recent years, 

molecular studies have also aimed at finding solutions for problems during 

cultivation process, identifying significant plant diseases and investigating 

disease resistance and tolerance conditions in cultivars/genotypes. There is also 

increasing number of studies on development of primers in hazelnut. The 

methods used in molecular studies show variation according to the study 

purpose. The use of molecular markers and genetic mapping in hazelnut caused 

many progress in the field such as population genetics, gene identification 

genomes, genetic relations, germplasm characterization, variety and type 

identification. Molecular markers contribute better planning of breeding 

programs by allowing to save time and money particularly in analyses of 

characters which may be time-consuming and expensive. Hence, continuation 

of studies on development of appropriate primers for molecular analysis will be 

useful.  
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1. Introduction 

The amount of carbon in the soil and the amount and variability of soil 

microorganisms are key indicators of soil health and fertility (Lal, 2014). It is 

known that the number of microorganisms is low in soils lacking plant roots. 

Industrialised agricultural techniques often focus only on productivity and not 

on soil health. Farm practices that leave the soil bare and exposed and chemical 

fertilisers applied to increase yields lead to loss of soil carbon and soil microbial 

diversity. Currently, one-third of the world's land surface is degraded to varying 

degrees and 24 billion tonnes of fertile soil is lost each year, posing a significant 

threat to ecosystems and agricultural processes (Coban et al., 2022).  

Furthermore, the United Nations estimates that the world population will be 9.8 

billion people by 2050 (https:// population.un.org/wpp/). To meet the increasing 

demand for food, feed, fibre and bioenergy, agricultural productivity needs to 

increase by an estimated 70% (Global Agricultural Productivity Initiative: 

https://globalagriculturalproductivity.org/). The practice of restorative 

agriculture recognises soil health as a major concern as well as crop 

productivity. Restorative agriculture practices such as microbial fertiliser and 

compost spreading add carbon to the soil, but more importantly they also 

promote an increase in the number and diversity of bacteria and fungi. The most 

valuable microbiotas in terms of their impact on soil improvement can be 

divided into three categories: Plant growth-promoting bacteria (PGPRs), 

nitrogen-fixing bacteria and arbuscular mycorrhizal fungi together with 

ectomycorrhizal fungi (Coban et al., 2022). These microbiotas are used to 

create combinations of microbial fertilisers. 

Microorganisms introduced into the plant rhizosphere as microbial 

fertiliser have been shown to lead significant changes in the functioning, 

composition and diversity of the soil microbiome, leading to important effects 

even for subsequent plant generations (Delgado-Baquerizo et al., 2016).  Some 

microorganism used in microbial fertiliser composition can interact with the 
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plant to stimulate plant-mediated “control” of the microbiome by changing root 

exudation patterns (Gu et al., 2016), activating additional plant defence 

mechanisms (Timofeeva et al., 2023) or producing plant-derived antimicrobials 

(Stringlis et al., 2018). Meanwhile, although some rhizobacteria can colonise 

in plants, they are unable to transport fixed nitrogen to plants (Ryu et al., 2020). 

The complexity of plant-microbiome interaction and the very high microbial 

diversity within the microbiome are among the major challenges to be solved 

before PGPBs can be directly added to plants as biofertilisers and their efficacy 

can be enhanced (Han and Yoshikuni, 2022). The obstacles to the full utilisation 

of the superior properties of PGPBs in agriculture can be removed by synthetic 

biology applications with synthetic biology, these beneficial microorganisms 

can be provided with extra abilities and huge steps can be taken in the field of 

soil improvement and sustainable agriculture. 

2. Synthetic Biology 

Synthetic biology is an interdisciplinary field that applies engineering 

principles to existing biological systems to solve various problems and 

translates them into biological systems that will serve useful purposes. 

Synthetic biology applications also offer hope for sustainable agriculture. In the 

last two decades, synthetic biology has evolved into a mature engineering field 

that enables the development of desired properties that exceed their natural 

capabilities in a wide range of organisms, including filamentous fungi 

(Cameron et al., 2014). The Synthetic Biology Research Centre (SynBERC) 

was established in the USA in 2006. SynBERC was established with the 

participation of more than one university and thus the foundations of synthetic 

biology were laid. At the same time, the United States Department of 

Agriculture started to support related studies in the synthetic biology field 

(Wang et al., 2022). The first synthetic bacterial genome was developed in 2008 

(Gibson et al. 2008). In 2014, Synlogic, one of the first synthetic biology 

companies, focused on the production of therapeutic first-class synthetic biotic 
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drugs. In 2018, China started to develop projects on the application of synthetic 

biology to agriculture. The development of synthetic biology has led to new 

research and new developments in many industrial fields from agriculture to 

health. 

With the development of next-generation sequencing technologies, it has 

been found that the diversity of the microbiome in roots varies depending on 

the plant species. The plant co-evolves with its root microbiome (Thesis et al., 

2016). To date, plant health protection studies have focused on only a few 

pathogens and a limited number of beneficial microorganisms (e.g., 

Pseudomonas fluorescens). New molecular techniques have shown that plant 

microbiome studies should focus not only on combating pathogens but also on 

improving plant nutrient uptake, and combating biotic and abiotic stresses. In 

addition, in microbiological studies, not only single strains but also the entire 

plant microbiota as a community should be investigated. In these studies, new 

technologies need to be developed continuously. 

To create model microbiota-strain collections, Arabidopsis thaliana as a 

model plant was used by Bai et al. (2015).  In their study, leaf and root samples 

of A. thaliana plants grown on different soil types and in various environmental 

sites were collected. Using classic methods, most of the bacterial communities 

that reproducibly colonise these plants under natural conditions were cultured. 

A representative microbial collection of 206 root-derived and 224 leaf-derived 

isolates was established and draft genome sequences were obtained (Bai et al., 

2015). The collection of their genomes as well as microbial strains will allow 

for functional evaluation. This approach allows microbiome selection based on 

host phenotype. 

Genomics identifies all the genes that encode the structural and 

functional functions of any organism and studies the control of the interaction 

of these genes with each other and with the environment. The aim of functional 

genomics is to understand their importance for the organism and to learn the 
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functions of genes by examining the gene expressions of at the genome level in 

terms of time, form, and quantity. Furthermore, functional genomics is 

increasingly enabling the discovery of new genes responsible for PGPB 

activities, including biocontrol, biofertilisation, and bio-stimulation (Ke et al., 

2021). Synthetic biology can transfer genes discovered through functional 

genomics studies to strains that can stably coexist with plants, and so enable 

these strains to play the same role as PGPRs for microbial fertiliser use (Wang 

et al., 2022).  

Phyto-microbiomes can be designed either top-down or bottom-up. In 

the bottom-up approach, microorganisms related to specific plant species, 

strains or organs are derivated from environmental microbiomes (Rodrigues et 

al., 2018; Toju et al., 2018). Once genetically engineered to carry the desired 

traits, these core microorganisms are reassembled as synthetic microbial 

communities (SynComs) (Vorholt et al., 2017). Plants are then inoculated with 

engineered strains that can strongly recolonise their hosts. In the top-down 

approach, horizontal gene transfer (HGT) is used for in situ introduction of 

needed properties into a wide range of hosts. One top-down strategy is to 

incorporate mobile genetic elements that transfer and integrate exogenous 

genes into a random subpopulation of microbiomes to enable holistic 

examination of PGP properties. The development of bacteriophage systems to 

engineer or remove certain specific species in populations is another top-down 

strategy, which allow their role to be researched (Ke et al., 2021). 

Broad applications of synthetic biology in agriculture include the 

development of next-generation microbial fertilisers, designing 

microorganisms that can transform agricultural wastes, developing microbial 

machines to act as biocontrol agents or play a role in bio-stimulation. It can also 

provide soil revitalisation by reducing the use of chemical fertilisers, and so 

contribute to the storage of atmospheric carbon in the soil and solving of the 

climate crisis (Dodge, 2018). 
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2.1 PGPR and Synthetic Biology 

Plants and their microbiomes are co-evolving holobionts. This 

association modulates or enhances the environmental adaptation, fitness, 

competitiveness, abiotic stress tolerance, phytopathogen resistance, health and 

productivity of plants in agricultural or natural ecosystems (Chiu and Gilbert, 

2015; Cesaro et al., 2021; Berg et al., 2021). Such microorganisms can live 

inside or outside their hosts and colonise abundantly in the rhizosphere or root 

surface of plants (Bonfante et al., 2010; Turner et al., 2013). 

PGPB can synthesise a broad range of compounds such as indole-3-

acetic acid (IAA), 1-aminocyclopropane-1-carboxylate (ACC) deaminase, 

extracellular polymeric substances (EPS), antioxidants, and volatile organic 

compounds (VOC) (Yamaner et al., 2016; Ayuso-Calles et al., 2021). They are 

used in biofertilizer formulations in agriculture. In addition, it has been reported 

that they have important effects in preventing economic losses due to stress 

factors such as drought and salinity caused by the climate crisis (Yamaner, 

2021).  

The first microorganisms used as biofertilizers were diazotrophic 

bacteria that can form nodules on the roots of legumes. The first commercial 

biofertilizer was a diazotrophic formulation called "Nitragin". A patent was 

granted for this formulation in 1896.  

Many biofertilizer formulations on the market shelves contain Bacillus, 

Brevundimonas, Bradyrhizobium, Burkholderia, Delftia, Enterobacter, 

Gluconoacetobacter, Arthrobacter, Azosprillum, Azatobacter, Clostridium, 

Herbaspirillum, Klebsiella, Paenibacillus, Rhiseudobacillus, Serratia species. 

However, the most commonly used bacteria for biofertilizer formulation are 

Azospirillum, Bacillus and Pseudomonas (Gómez-Godínez et al., 2023).  

Long-term ecological study data have shown that continuous addition of 

chemical fertilisers to the soil and failure to select microbial combinations 

appropriate to the plant phenotype have negative effects on plant microbiome 
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diversity. It is important to introduce PGPBs into the soil by rearranging the 

colonisation properties of plant roots, phytohormone production mechanisms 

at the gene level and creating plant species-specific microbiomes to remove the 

barriers to sustainable agriculture. Such studies are important to increase the 

plant growth-promoting properties of PGPBs or to provide these properties to 

microorganisms that can be found in abundance in every environment. For 

example, there are studies on genotype-phenotype mapping using CRISPR 

technique. These studies were carried out on E. coli and yeasts. According to a 

recent research, E. coli was engineered to synthesise IAA, an important plant 

growth regulator. The resulting strain produced 744 mg/L IAA from 20 g/L 

glucose in 24 hours (Guo et al., 2019). 

Cupriavidus pinatubonensis JMP134 is a neutral rhizobacterium that 

does not promote plant growth and is also a plant-associated rhizobacterium. 

This bacterium contains a plasmid designed to produce IAA from L-tryptophan 

based on quorum sensing (QS) signalling. This genetically engineered 

bacterium was now able to produce sufficient inducer to activate IAA gene 

expression and synchronise the entire population to produce IAA. Inoculation 

of A. thaliana with C. pinatubonensis strain significantly increased root growth 

(Zuniga et al., 2018). 

In recent research, Yarrowia lipolytica was engineered to reproduce 

gibberellins (GA) GA3, GA4 and GA7, which play a role in salt tolerance and 

plant development in many higher plants such as soybean, sugarcane and maize 

(Kildegaard et al., 2021). 

Microorganisms can be used as an alternative to expensive and 

environmentally damaging phosphate fertilisers. In their study, Shulse et al. 

(2019) achieved heterologous expression of the phytase gene in Proteobacteria. 

This result shows that microbiome engineering can be used to produce plant-

associated strains with phosphate solubilisation capabilities. Microorganisms 
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reprogrammed at the genetic level have the potential to be used in functional 

natural product discovery. 

2.2 Nitrogen-fixing bacteria and synthetic biology  

Chemical nitrogen fertilisers, which have been used on agricultural land 

for many years, degrade soil and water quality, reduce soil biodiversity and 

increase gas emissions due to the formation of nitrous oxide, a greenhouse gas. 

Scientific studies have identified biological nitrogen fixation, a function of 

certain prokaryotes and archaea, as an alternative source of nitrogen with lower 

production costs and higher utilisation efficiency (Reed et al., 2011). Nitrogen 

fixation was first characterised in the Rhizobiales (Mus et al., 2016). The ability 

to fix nitrogen has been detected in many bacterial genera, including 

Azospirillum, Azotobacter, Burkholderia, Gluconacetobacter, Rhizobium, 

Sinorhizobium, Azorhizobium, Allorhizobium, Mesorhizobium, 

Bradyrhizobium, Herbaspirillum, Klebsiella, Paenibacillus and Pseudomonas 

(Santi et al., 2013). Nitrogen-fixing bacteria can associate with plant roots 

symbiotically or as endophytes, or they can be free-living nitrogen fixers. These 

bacteria form special symbioses with plant roots. In order for this symbiotic 

relationship to occur, each plant requires its own specific bacteria. In addition, 

for the formation of a sufficient number of nodules and an effective fixation, 

there must be bacteria specific to that plant in the environment where the plant 

will grow. If the same plant has been grown in an area before, the bacteria 

belonging to the plant is already present in that area; but if the plant is to be 

grown for the first time, it is necessary to introduce the bacteria by inoculation.  

Lately, applications of synthetic biology have been used to rearrange the 

regulation of genes encoding the nitrogenase enzyme complex, providing 

greater control over nitrogenase expression in various species (Temme et al., 

2012).  Bloch et al. (2020) used gene editing to improve nitrogen fixation of 

Kosakonia sacchari, a naturally occurring diazotroph proteobacterium related 

to maize roots that can be applied as a seed coating, reducing fertiliser 
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applications and increasing yield. While nitrogen fixation of the wild-type 

strain was observed to be suppressed under conditions with bio-available 

nitrogen, such as fertilised field experiments and greenhouse, the remodelled 

strains were able to fix high levels of nitrogen even in the presence of 

exogenous nitrogen in the rhizosphere of maize in the field and greenhouse. 

KV137 (Klebsiella variicola137), a synthetic biology product developed 

for farmers, increased nitrogen fixation activity 122-fold in nitrogen-rich 

environments. This product has created a fertiliser that will provide the nitrogen 

needed in maize production. KV137 developed by Pivot Bio company can 

produce the nitrogen needed by interacting with maize roots. The wild-type K. 

variicola137 genome isolated from agricultural soils has been reshaped by 

synthetic biology (Temme et al, 2020). This bacterium is the active ingredient 

in PROVEN liquid fertiliser, which reduces the need for chemical fertiliser by 

25 lbs per acre and increases yields by up to 5.8 bushels (Temme, 2019). Using 

this product, the fact that chemicals used in liquid nitrogen fertiliser mix into 

groundwater with rain is also eliminated. In addition, it has reduced the 

emission of strong greenhouse gases. In 2021, it was used on 3 million acres of 

corn.  

In addition, a subsidiary called Joyn Bio was formed from the partnership 

between Ginkgo Bioworks, the synthetic biology company, and Leaps, the 

investment arm of the life sciences holding Bayer, and the first investments 

were made in October 2017.  Joyn Bio is working to design a microorganism 

that will allow maize, rice and wheat farmers to reduce nitrogen fertiliser use 

in half while continuing the same crop yields. They have reported that Ginkgo 

and Bayer will continue their partnership to develop biological solutions in 

carbon sequestration, nitrogen optimisation and next generation crop 

protection. Ginkgo and Bayer are two companies that will continue to work on 

sustainable food production and safety by using the power of synthetic biology. 

They also aim to reach large masses by establishing new partnerships in the 
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development of microbial products for agriculture 

(https://www.ginkgobioworks.com/2022/10/18/ag-biologics-division-bayer-

joyn/).  

2.3 Mycorrhizae and synthetic biology  

Mycorrhiza, which refers to the symbiotic co-operation between plant 

roots and fungi, are divided into two classes. If the fungal cells form a diffuse 

layer on the outside of the root, it is called ectomycorrhiza, and if the fungal 

mycelia penetrate into the plant root tissue, it is called endomycorrhiza. 

Ectomycorrhiza is mostly found in forest trees, especially in conifers. 

Mycorrhizal fungi are rarely found in areas far from roots in nature. Therefore, 

most of them can be considered as obligate symbionts. Despite the close 

relationship between the fungus and the root, a single pine species can form 

mycorrhizal associations with more than 40 fungal species. 

About 95 % of the plant communities on Earth (about 240 000 plant 

species) form arbuscular mycorrhizal associations with endomycorrhizas 

(Koide and Lu, 1992; Bonfante and Perotto, 1995). Nevertheless, we have still 

very limited information of the underground fungal network. Because of lack 

of information, the Society for the Protection of Underground Networks 

(SPUN) has initiated some studies to research and map mycorrhizal fungi 

worldwide (Popkin, 2022). Mycorrhizal fungi, which form mutualistic relations 

with plants, naturally sinks billions of tonnes of fixed atmospheric carbon per 

year in the fungal network in underground (Dodge, 2018). Mycorrhizal fungal 

networks offer a unique and unexplored opportunity to create enormous carbon 

sinks globally.  

However, when compared to yeasts and bacteria, the synthetic biology 

background is considerably less developed in filamentous fungi, especially in 

cap-forming species. These gaps in technological development in filamentous 

fungi are due to biological factors such as, low efficiency of genetic 
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transformation, slow growth rate and secretion of undesirable enzymes (Meyer 

et al., 2016). 

3. Conclusion  

Developments in synthetic biology are exciting. Rapid developments in 

areas such as DNA synthesis and process automation, biological data science, 

computer-aided design and machine learning indicate that the capabilities of 

living beings that can be designed with synthetic biology will be beyond 

imagination. Realising this development, private companies have started to 

make investments rapidly. Unfortunately, this super technology can be used for 

different purposes by malicious people.  Detailed strategic plans on biosafety 

issues should be developed by a community of synthetic biologists, economists, 

public health protectors, data security units and politicians. Advances in 

synthetic biology are essential for the sustainability of modern agriculture, as 

in many other fields. 
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1. Introduction 

Soils can be rendered inefficient by agricultural activities applied during 

agricultural production. Soil conservation is an important parameter in 

sustainable agriculture. Chemical applications applied to soils for many years 

cause a decrease in organic matter content. Organic matter supplementation is 

necessary to minimize the losses that may occur in yield in soils exposed to 

continuous cultivation and cultivation and to ensure continuity in agriculture. 

The organic matter content in Turkish soils is decreasing over time and 

negatively affects the physical, chemical and biological properties of soils 

(Demirtaş, 2004).The most important factor for sustainable agriculture is the 

use of organic wastes as regulators in soils. Vermiculture is the transformation 

of wastes into quality vermicompost (vermicompost fertilizer) in a short period 

of time (Erşahin, 2007).  

Vermicompost is a type of compost formed by worms digesting organic 

wastes in their bodies. The characteristics of the wastes added during the 

formation process of vermicompost play an important role in determining the 

content of vermicompost and it has been reported that in soils with earthworm 

activities, firstly organic C and then total N amounts show a significant increase 

(Kızılkaya and Hepşen, 2007; Namlı et al., 2014).The end product, 

vermicompost, is stated as a method that can be applied to reduce fertilizer use 

by converting waste into organic fertilizer (Blouin et al., 2019). Vermicompost 

acts to secrete various antibiotics, enzymes and plant growth regulators in the 

rhizosphere, which is the plant root zone (Maltaş et al., 2017). With these 

effects, vermicomposts are a very good soil organizer consisting of a finely 

separated, peat-like material with high porosity, good water holding capacity 

and microbial activities (Atiyeh et al., 2001). 

Based on this information, in this study, vermicompost was evaluated in 

terms of its usability, crop yield, soil conditioner and environmental effects 
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compared to other alternative organic fertilizer materials in order to ensure the 

sustainability of agricultural activities. 

2. RECYCLING ORGANIC WASTE WITH 

VERMICOMPOST 

Composting is one of the most successful methods of recycling and 

reintroducing organic wastes back into nature. The vermicomposting method, 

which has outstanding features compared to traditional composting, has 

recently gained wide application areas. 

Providing organic fertilizer is less costly than chemical fertilizer and 

organic fertilizer is a recycling material in order to protect the natural balance. 

It is possible to produce organic fertilizer by using many products such as 

household wastes, market and market wastes, greenhouse wastes (herbal green 

parts and fruits), park and garden pruning wastes, grass wastes, etc. These 

wastes can be fermented for certain periods of time by composting method to 

produce food for worms. The nutrients produced for worms must provide 

appropriate pH and temperature values. These values depend on the 

fermentation time and the content of the materials used for the composting 

process. The products obtained by the composting process can be used as a food 

source for earthworms. Earthworms consume the composting products and 

convert them into vermicompost, which is a richer material and increases the 

nutrient content of organic waste. 

The compost products obtained by the traditionally used composting 

method can lose approximately 55% of organic matter and 30-50% of nitrogen 

nutrients (Ketkar, 1993). However, it has been reported that the use of 

earthworms in compost production from organic wastes, their interaction with 

other decomposing organisms (Sampedro and Dominguez, 2008) reduces the 

time spent in the formation phase in maturing composts, provides a more 
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uniform appearance (Atiyeh et al., 2000), finer structure and large surface area 

(Shi-wei and Fu-zhen, 1991). 

There are differences in the stage of compost production, and in the past 

years, studies on the effects of compost and vermicompost on plants and soil 

have increased (Ngo et al., 2011). It can be observed that biological activity 

increases in agricultural soils where vermicompost is applied. Vermicompost 

contains a lot of microorganisms, and the application of this material to soils is 

expected to increase microbial activities important for plants and soils, such as 

the conversion of plant nutrients, the formation of regulators that provide 

growth in plants, the formation of resistance in plants or the increase in 

resistance to diseases (Arancon et al., 2006). 

In this study, tobacco stalks and horse manure mixtures were used as 

organic wastes to obtain food sources for Eisenia fetida earthworms and the 

possibilities of vermicomposting were investigated. The wastes were subjected 

to vermicomposting for 3 months and chemical, microbial and biochemical 

parameters were analyzed in samples taken at 30, 60 and 90 days. Biochemical 

parameter values decreased, maximum enzyme activity was determined at day 

60 and minimum enzyme activity was determined at day 30. The humification 

index value, which is a stability parameter in vermicompost samples, was 

determined to be above 5 and this shows that the stabilization process did not 

occur in the vermicomposting stage. At the end of the 3-month period, it was 

recommended to prepare more appropriate ratios of composting mixtures 

prepared with the death of worms and to conduct preliminary trials in 

subsequent studies (Kayıkçıoğlu et al., 2016). 

The amount of organic matter in soils in our country is decreasing day 

by day due to unconscious agricultural practices. Depending on the decrease in 

the organic matter in the soil, the water holding capacity of the soils, the air-

filled part required in the soil, plant nutrients and microorganism activities in 

the soil, such as a decrease in plant yield and inefficiency in soils, and the 
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balance in sustainable agriculture is disrupted. In order to ensure the continuity 

of sustainable agriculture, the use of chemical fertilizers should be reduced, the 

practices of obtaining maximum yield per unit area from soils due to the 

increasing population day by day should be reduced and soils should be 

protected with organic fertilizer applications. 

 

 

Figure 1. Recycling of organic waste with vermicompost (1)  

 

3. USE OF VERMICOMPOST IN AGRICULTURAL 

PRODUCTION 

Vermicompost is produced by using the fertilizer produced by 

earthworms and organic wastes together (Garg et al., 2010). Vermicompost 

aims to increase the activities of earthworms that recycle macro and micro 

nutrients in nature (Şimşek-Erşahin, 2007). The uptake forms of nutrients are 

of great importance for plant development. Approximately 97% of the nutrients 

in vermicompost are in the form that can be taken up by plants and primarily 

nitrogen, phosphorus and potassium are in the form that can be taken up by 

plants (Barley, 1961). 
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The amount of organic matter in the soil is of great importance for the 

protection and maintenance of soil fertility and high crop yield (Önal et al., 

2003). While the use of organic inputs in agriculture regulates the physical 

properties of soils, the natural balance is preserved by recycling wastes (Nazli 

et al., 2016). 

 

 

Figure 2. Use of vermicompost (2) 

This study was carried out to determine the effects of biochar and 

vermicompost mixtures on some biological properties of the soil during the 

incubation phase by applying different doses of biochar and vermicompost to 

the soil and it was determined that biochar and vermicompost mixtures had 

positive effects. As a result of the studies, it was determined that the biological 

properties of the soil increased in 100% biochar and 100% vermicompost, 

urease enzyme activity increased in 100% biochar and 100% biochar during the 

60-day incubation period, the amount of organic matter in the soil increased in 

100% biochar during the 40-day incubation period and arylsulfatase enzyme 

activity increased in 50% biochar + 50% vermicompost during the 60-day 

incubation period. Due to the high C and C/N ratio in biochar, it was suggested 
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that it was inadequate to be used alone and that vermicompost material with a 

narrow C/N ratio should be used together (Yılmaz and Kurt, 2018). 

Vermicompost was applied at different rates and its effects on yield and 

nutrients in maize plants were investigated. The application rates were 0%, 

10%, 20%, 20%, 30%, 30%, 40% and 50%. The amount of dry matter of green 

parts of maize plants was determined. It was determined that the amount of dry 

matter increased as vermicompost rates increased in maize plants. The 

maximum amount of dry matter in maize plant was determined as 3.98 g/plant 

in 40% vermicompost application.  The maximum amount of phosphorus 

(0.80%), nitrogen (4.24%) and potassium (5.75%) were determined in 30% 

vermicompost application. According to the results obtained from the research, 

it was determined that the amount of macro plant nutrients increased as the 

amount of vermicompost application increased, while the amount of micro 

nutrients decreased and it was recommended to use vermicompost for 

sustainable agriculture (Durukan et al., 2020). 

The effects of certain ratios and mixtures of vermicompost and 

mycorrhizae on the growth and mineral concentration of pepper plants were 

investigated. Nutrient concentration, wet and dry weight ratio of pepper plants 

were determined. As a result of these applications, it was determined that they 

had a positive effect on nutrient concentration, wet and dry weight ratios in 

pepper plants (Küçükyumuk et al., 2014). 

When vermicompost was applied to maize plant, it was stated that it 

provided an increase in the above-ground parts. According to the results 

obtained from the research, it had a positive effect on the amount of N, P, K, 

Zn, Ca, Mg nutrients, while it had a negative effect on the amount of Fe, Mn 

and Cu (Durukan, 2020). 

In this study, vermicompost was applied to tomato, pepper and 

strawberry plants, and according to the results obtained, it was stated that it 

increased the market value of strawberry fruit to a great extent, and increased 
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the development and leaf area in the shoot part for tomato and pepper plants 

(Arancon et al., 2003). 

The effects of different doses of vermicompost on yield and factors 

affecting yield in potato plants were examined. According to the results 

obtained from productivity analyses and measurements of green parts of potato 

plants, the highest values among the application doses were obtained from 12 

tons/da vermicompost application (Yourtchi et al., 2013). 

The effects of vermicompost and mycorrhizae in cowpea cultivation in 

calcareous soils were determined as the amount of vermicompost increased 

depending on the application doses, the above-ground wet and dry weights of 

the plants and the wet and dry weights in the root area increased (Şahin and 

Ataklı, 2021). 

 

Figure 3. Images of matured vermicompost 
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4. RECOMMENDED VERMICOMPOST APPLICATION 

AMOUNTS IN AGRICULTURAL ACTIVITIES 

Different proportions of vermicompost specific to the plant to be 

cultivated in crop production are recommended. Different rates of 

vermicompost are recommended depending on the needs of the plant and 

vermicompost amounts are recommended for maximum yield. 

Table 1. Recommended amounts of vermicompost in agricultural applications (3) 

PLANT GENUS AMOUNT  UNIT 

Cereals and field crops 100-200 kg/da 

Greenhouse and field vegetables 100-150 kg/da 

Fruit trees 0.5-4 kg/ağaç 

Flowering garden plants 300-400 g/m2 

Grass 300-400 g/m2 

Flowering potted plants 300-400 g/saksı 

Potted plants without flowers 150-200 g/m2 

 

In agricultural activities, different fertilization rates are recommended for 

different plant species depending on the amount of nutrients in vermicompost. 

As given in Table 1, application doses are recommended according to their 

units. For example, vermicompost should be applied in different units and rates 

for fruit trees and flowerless potted plants (Table 1). 

 

 

 

 



115 | A VIEW OF AGRICULTURE FROM AN ACADEMIC PERSPECTIVE 

 

Table 2. Chemical contents of conventional compost and vermicompost (5) 

PARAMETER TRADITIONAL 

COMPOST  

VERMICOMPOST 

pH 7.80 6.80 

EC(mmhos/cm) 3.60 11.70 

Total Kjeldal Nitrogen(%) 0.80 1.94 

Nitrate Nitrogen(ppm) 156.50 902.20 

Phosphate(%) 0.35 0.47 

Potassium(%) 0.48 0.70 

Calcium(%) 2.27 4.40 

Sodium(%) <0.01 0.02 

Magnesium(%) 0.57 0.46 

Iron(ppm) 11.690 7.563 

Zinc(ppm) 128 278 

Manganese(ppm) 414 475 

Copper(ppm) 17 27 

Borom(ppm) 25 34 

Aluminum(ppm) 7.380 7,012 

 

When the chemical contents of traditional compost and vermicompost 

fertilizers given in Table 2 are compared, nitrate (ppm) content was measured 

as 156.50, 902.20 respectively and the nitrate content in vermicompost fertilizer 
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was higher. Most of the parameters analyzed to determine the chemical contents 

were found to be higher in vermicompost fertilizer.  

 

Figure 4. Use of vermicompost (vermicompost) for crop growth and soil quality(4), 

5. VERMICOMPOST PRODUCTION FACILITIES  

 

 

Figure 5. Images from inside the vermicompost production facility 
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Figure 6. Worm beds with continuous flow and casing systems 
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5.1 Vermicompost food prepared for vermicompost 

production 

  

 

Figure 7. Images from food preparation for vermicompost production 
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Figure 8. Images from the preparation of food for worms in preparation for analysis 

6. CONCLUSION 

Ensuring the continuity of sustainability in agriculture is directly linked 

to the practices applied to soils. As a result of chemical fertilization and 

spraying applied to soils for many years, low yields and deterioration in soil 

quality occur. In this research, examining the effects of vermicompost on soil 

and plants contributes to sustainable agriculture. In addition to the effects on 

soil and plants with the use of organic wastes in the formation phase of 

vermicompost, the effects on the environment in the long term and its potential 

to be used as an alternative to existing organic fertilizers were examined. One 

of the most important effects of vermicompost that makes it an alternative 

fertilizer instead of other fertilizers is the protection of the environment by 

recycling wastes. 

 The organic matter content in the soils of our country is low and it is 

becoming difficult to prevent this decrease day by day. In scientific studies, the 
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decrease in the amount of organic matter and the applications made to prevent 

this decrease are not at the desired level in the soils of our country. Depending 

on the increase in scientific researches and the increase in experience, it will be 

a guide in the agricultural production to be carried out in the following years 

and at the same time, the confidence of the users towards vermicompost will 

increase.  

As a result of these applications, organic wastes are used and returned 

to nature, protecting the natural balance, having positive effects at the economic 

level, sustainable agriculture on soils, quality and healthy plant production, etc. 

It benefits the environment with many positive effects such as. Reducing 

chemical inputs in agricultural practices and recycling organic wastes are of 

great importance for the continuity of sustainable agriculture and at the same 

time, it protects the natural balance by saving agricultural inputs. 
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1. Introduction 

As the world's population is increasing over time, it is aimed to obtain 

maximum yield in the products to be obtained per unit area in agricultural 

production. Accordingly, it is possible to determine the local variability in the 

lands and as a result of the applications to be made specific to the region, it is 

possible to provide the required amount of applications. With the practices 

carried out by determining the local variability in agricultural areas, both 

sustainable agriculture and sensitive agriculture can protect the soils to be 

transferred to future generations. There are geostatistical methods used to 

determine spatial variability in soil. Among these methods, methods such as 

ordinary kriging, inverse distance weighing and Co-Kriging methods are used 

to estimate soil properties. Among the methods used to estimate soil properties, 

the prediction model that most supports the accuracy of the predictions is used 

and this varies for each parameter and each soil. 

Soil properties change over short and long distances as a result of genetic 

structure and anthropogenic influences (Webster and Oliver, 2007). The fact 

that the physical and chemical properties of soils in agricultural cultivation vary 

with distance shows a significant variation in land area in crop production even 

in only one plot area (Cambardella et al., 1994). Accordingly, it is stated that 

determining the spatial variability in soils is beneficial in farming for 

productivity, conservation of nutrients in the soil and management of other 

agricultural practices (Mali et al., 2016). 

 The local variability determined in the soils maps the study area by 

creating predictions in the points that are not sampled according to the data at 

the sampled points and it is possible to make applications based on this map. 

With the integration of the maps obtained into precision agricultural tools, it is 

possible to make region-specific applications. 
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Figure 1. Images from data processing during geostatistical analysis (1)  

2. Geostatistics in soil science 

Since the soil has a heterogeneous structure, applying the same 

agricultural practices to every area of the land causes negative results in terms 

of sustainable agriculture. After determining the regional variability of the soil, 



129 | A VIEW OF AGRICULTURE FROM AN ACADEMIC PERSPECTIVE 

 

it is important to apply agricultural practices according to these variabilities in 

order to reduce the situations that negatively affect sustainable agriculture such 

as soil degradation and excessive agricultural input application. Accordingly, 

the use of geostatistics to determine the spatial variability of soils is becoming 

increasingly widespread. Depending on the soil properties that show spatial 

dependence with soil samples taken from certain distances from the land, maps 

representing the area can be obtained by making predictions in areas where soil 

sampling is not performed. 

 

Figure 2. Geostatistical maps showing variability in a terrain with given coordinates (2) 
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3. Studies using Ordinary kriging method in soil science 

Determination and mapping of spatial variability of soil properties is of 

great importance for sustainable production in areas of intensive agriculture. In 

this study, physical and chemical properties of soil samples taken from a part 

of the Tigris Basin were determined. Distance dependent variability of the 

obtained soil properties was determined using models and the area was mapped 

based on the models. Soil samples were divided into grids between Diyarbakır 

and Siirt provinces and a total of 175 samples were taken from 0-20 cm depth. 

While determining the spatial variability, some soil samples were taken at 

certain distances and a total of 33 soil samples were taken with a distance of 

250, 750, 1750 meters between the points located at the corners of two 

consecutive grids in order to estimate more accurately. The soil samples were 

analyzed for texture, organic matter, lime, pH, EC, available P and K, their 

variability depending on the distance was determined and estimations were 

made at the points where sampling was not done and maps representing the area 

were obtained accordingly. According to the results obtained from the study, 

the lowest variability depending on the distance was determined as pH and the 

highest variability was determined as P. With the maps obtained as a result of 

the analyzes, it is possible to make applications according to the variability in 

the field and at the same time, it will provide maximum efficiency from the 

inputs depending on the application made at the required level (Budak et al., 

2018). 

Determination and mapping of the distance-dependent variability of soil 

properties in agricultural lands enables sustainable agricultural management 

and determination of change in time and space. In this study, useful phosphorus 

was determined using two geostatistical methods and maps were obtained. The 

geostatistical methods used were ordinary kriging and sequential Gaussian 

simulation. A total of 800 degraded soil samples were taken from 0-30 and 30-

60 cm depths from Tokat Kazova plain by random sampling. The average 
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useful P obtained from the study was 14.18 mg/kg in the topsoil and 8.87 mg/kg 

in the subsoil. The useful phosphorus obtained by Ordinary kriging method was 

found to be low in 11.56% of the topsoil, sufficient in 82.16% and excessive in 

6.28% of the topsoil. According to the results obtained by sequential Gaussian 

simulation method, 9.98% of the topsoil was found to be low, 86.27% of the 

topsoil was found to be sufficient and 3.75% of the topsoil was found to be 

excessive. In the lower soil samples taken from 30-60 cm, there are more 

differences in the results obtained according to the methods used in the upper 

soil samples. The maps obtained at the end of the study will contribute to the 

decision makers about the amount of fertilizer to be used and to protect the 

environment while applying phosphorus (Akbaş, 2012). 

In this study, chemical soil quality was evaluated by using factor and 

geostatistical analysis methods in vertisol soils taken from Bafra Delta Plain. 

In the data set, chemical properties were determined in the soils taken from two 

depths and 5 factors were determined in the soils taken from 0-30 cm depth and 

80.16% of the total variance was explained. In the soils taken from 30-60 cm 

depth, 5 factors explained 77.77% of the total variance. With the mapping 

showing the distribution in the area, it was determined that it is important to 

guide the applications to be made for the sustainability of soil quality (Sağlam 

and Dengiz, 2013). 

In this study, using ordinary kriging and universal kriging methods in 

geostatistical methods, total alpha and total beta activities in natural spring 

waters in Artvin province were estimated at unsampled points and their 

distributions in the region were determined. Maps showing the distribution of 

alpha and beta activities were produced. Water samples were taken from 120 

stations to represent the study area and 50% of the randomly selected samples 

were used to create the model, while the remaining 50% of the samples were 

used for verification in the data obtained as a result of the model. The highest 

measurement value for alpha activity was 0.771 Bq/L and the lowest 
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measurement value was 0.005 Bq/L. For beta activity, the highest value was 

0.808 Bq/L and the lowest measurement value was 0.0013 Bq/L. Among the 

methods used, the universal kriging method gave better spatial distribution and 

produced maps that better represent the distribution of alpha and beta activities 

in mapping (Yeşilkanat et al., 2014). 

Within the scope of this study area, the spatial distributions of the 

properties of soil samples taken from 0-30 cm depth from 53 different points of 

agricultural lands in Siverek district of Şanlıurfa province were determined with 

variograms and coefficient of variation. The properties of the soils formed on 

basaltic parent material and their spatial distributions were examined by 

geostatistical method. Among the samples examined in the study area, based 

on the coefficient of variation values, it was determined that pH was the most 

homogeneous parameter and silt was the most heterogeneous parameter. 

According to the results obtained from the study, it was determined that the 

distance between the sampling points should be kept lower and the number of 

sampling should be increased for some parameters of the soils formed on the 

basaltic parent material. Exponential and Gaussian models, which are models 

used for different parameters of the study area soils, were compared and the 

spatial distributions of clay, silt, organic matter, pH, EC were defined with the 

exponential model, and sand content was defined with the Gaussian model. 

Using a different model was determined by the RMSE (Root Mean Square 

Error) value. The model with a lower RMSE value is closer to the real values. 

When the soil maps created were examined, it was determined that EC and clay 

content decreased towards the north, and organic matter content was higher in 

the lands located in the west of the land. Good soil management can be achieved 

with geostatistical methods (Aygür, 2020). 

In a study conducted by Yetgin (2004), the spatial variability of the 

physical properties of soils was analyzed by geostatistical methods. According 

to the research results, it was determined that the soil properties that showed 
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the highest variability were lime and saturated hydraulic conductivity. 

Additionally, as a result of the study, it was determined that the kriging method 

can be used safely to interpolate the soil properties in the study area. 

In a study conducted by Ağca (2015), the spatial distribution of heavy 

metal contents in soils around Iskenderun was determined. According to the 

research results, it has been determined that the most suitable semivariable 

models for heavy metals are exponential and spherical models. In addition, 

some of the heavy metals showed moderate autocorrelation, while others 

showed strong autocorrelation. 

4. Studies using Co-Kriging method in soil science 

In this study to determine the applicability of the Cokriging method for 

field capacity estimation, the study was conducted in 8 plots of 32 km2 in a 

region between Ankara and Konya. A total of 135 surface soil samples (0-20 

cm) were taken by grid method at 500 m intervals in the study area.  The lowest 

mean absolute error and mean squared error were obtained in the estimation of 

field capacity with clay auxiliary variable by Cokriging method. However, the 

fact that the mean of the field capacity values (33.38) and the mean of the data 

obtained with cokriging co-estimation (33.20) were close to each other 

indicates that the method can be used in long and costly analyzes (Tuncay et 

al., 2017). 

The spatial distribution of rainfall was tried to be determined by using 

TRMM (Tropical Rainfall Measuring Mission) satellite rainfall product 3B43 

and Co-Kriging (CK), a geostatistical method using height as an auxiliary 

variable. According to the spatial precipitation estimation performance results 

determined by TRMM and CK methods, the CK method gave a lower error 

value (Taş, 2018). 

In this study, multivariate geostatistical methods were used, land 

topography (elevation) was used as the second parameter for the estimation of 
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precipitation parameter and better results were obtained compared to univariate 

geostatistical methods (Khorrami and Gündüz, 2019). 

 

Figure 3. An example of Google Earth images of coordinate points with geostatistical methods 

 

Figure 4. Soil Mg content map obtained by IDW (Inverse Distance Weighting) method, one of 

the geostatistical methods (Kaplan, 2020) 
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Figure 5. Soil Mg content map obtained by kriging method from geostatistical methods 

(Kaplan, 2020) 
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Figure 6. Soil Mg content map obtained by Co-kriging method from geostatistical methods 

(Kaplan, 2020) 
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While estimating soil properties with geostatistical methods, maps 

showing regional variability were obtained according to different methods 

used. While only the Mg parameter was used in the laboratory results while 

creating prediction maps with IDW and kriging, clay was used as the second 

parameter for the Mg parameter in the Co-kriging method.  

In this study, soils consisting of basalt parent material were sampled from 

a depth of 0-30 cm in Siverek district of Şanlıurfa province and soil properties 

were determined by geostatistical methods. Among the geostatistical methods, 

IDW (Inverse Distance Weighting), Ordinary Kriging (OK), Co-Kriging 

(COK) methods were used and geostatistical analyzes were carried out using 

the ArcMap program. The accuracy of the predictions of the different methods 

used was determined using the root mean square error (RMSE; Root Mean 

Square Error). According to the results obtained from the study; The lowest 

RMSE value (0.18) for the pH parameter is the Ordinary Kriging (OK) method; 

The lowest RMSE value (2.43) for the sand (%) parameter is the Co-Kriging 

(COK) method; lowest RMSE value for exchangeable Ca (ppm) parameter 

(2002) Co-Kriging (COK) method; The lowest RMSE value for the variable K 

(ppm) parameter is (178) Co-Kriging (COK) method; Co-Kriging (COK) 

method gave the lowest RMSE value (70.9) for the exchangeable Na (ppm) 

parameter. When geostatistical methods are examined, in general, the Inverse 

Distance Weighting (IDW) method gave the highest RMSE result. The Co-

Kriging (COK) method gave the lowest RMSE result. Regional variations were 

determined by obtaining maps representing the study area (Kaplan, 2020). 

 

5. Conclusion 

The use of technology in agriculture is recommended as it saves time, 

chemical use and manpower in agricultural applications. By using univariate 

and multivariate geostatistical methods, the variability in the land can be 

estimated and mapped. Accordingly, it is possible to see the variability in the 
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land on the map and to make agricultural practices according to the density on 

the map. While carrying out agricultural activities, it is of great importance to 

utilize precision agriculture technology to contribute to sustainable agriculture 

and to prevent soil degradation. Geostatistics, which is used as precision 

agriculture technology, enables mapping according to regional differences of 

soils. Mapping provides the benefit of making region-specific agricultural 

practices according to the variations in the land. With agricultural practices 

based on these variations, savings are created for many inputs, while at the same 

time agricultural lands are protected against degradation. Precision agriculture 

practices based on environmental protection and optimum yield should be 

introduced to farmers and made widespread. 
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INTRODUCTION 

Nitrate can be found in forage crops and water. It can reach levels that 

cause toxic effects in some plants. Plants used in animal nutrition with high 

nitrate levels are oats, beets, Soybean, Sunflower, Barley, Sweet clover, Rye, 

potato, sudangrass, Wheat, Corn(Hall, 2018) triticale, and carrots. In addition, 

susceptibility to nitrate toxicity varies in different animal species and 

physiological periods. In this section, detailed information will be given about 

the susceptibility to nitrate toxicity in different animal species and 

physiological periods, the mechanism of nitrate toxicity, clinical symptoms, 

diagnosis, and treatment. 

1. Susceptibility of animals to nitrate intoxication 

Animals' susceptibility to nitrate toxicity varies depending on their 

species and physiological periods. 

1.1 Susceptibility of animals to nitrate intoxication by species 

Susceptibility to nitrate toxicity in farm animals varies among species. 

Ruminant animals such as cattle, sheep, and goats, and monogastric animals 

such as horses and pigs are more sensitive to nitrate toxicity than other 

species(Bruning-Fann & Kaneene, 1993; Oruç & Ceylan, 2001a). The 

susceptibility of these animal species to nitrate toxicity also differs from each 

other. The animals most sensitive to nitrate toxicity are ruminants. The reason 

for this situation is that nitrate is reduced to toxic nitrite as a result of 

fermentation in the rumen of ruminants. Monogastric animals are less 

susceptible to nitrate toxicity compared to ruminants (Bruning-Fann & 

Kaneene, 1993). The reason for this situation is the absence of rumen in 

monogastric animals. Under normal conditions, nitrate cannot be converted to 

nitrite by microbial fermentation in the stomachs of monogastric animals. 

However, when the pH of the stomach increases and a suitable environment is 

created for microorganisms to live, nitrate can be converted to nitrite and nitrate 
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toxicity may occur. This situation is mostly seen in newborn animals and 

humans whose stomachs cannot function fully. Methemoglobinemia, which 

occurs as a result of nitrate toxicity in humans, is called blue baby 

syndrome(Beyhun & Güler, 2002). 

While monogastric animals and pre ruminant calves excrete nitrate from 

the body through urine, adult ruminants excrete a very small portion of nitrate 

through urine(McGuirk & Semrad, 2005). In adult ruminants, nitrate in the 

blood returns to the rumen through saliva and is metabolized in the 

rumen(Bolan & Kemp, 2003). In mono-gastric animals, especially horses and 

rabbits, nitrate is converted to nitrite due to microbial fermentation in the large 

intestines. However, this process is not as extensive as in ruminants, and 

absorption from the large intestine is at low levels. For this reason, nitrate 

toxicity in horses is rarely reported.(Hintz & Thompson, 1998; Oruc et al., 

2010). In other mono-gastric animals, nitrate toxicity occurs mostly due to the 

consumption of foods with high nitrite levels that are not of plant origin(Worth 

et al., 1997). Susceptibility to nitrate toxicity varies among ruminants. Goats 

consume mostly the leaves of plants. The nitrate level in the leaves of plants is 

lower than in the roots and stems. For this reason, nitrate toxicity in goats is 

rare compared to other ruminants. Since sheep also eat the stem of the plant, 

their risk of toxicity is higher than goats. Sheep are less susceptible to nitrate 

toxicity compared to cattle. The main reason for this is that cattle consume large 

amounts of feed in a short time compared to sheep(Hall, 2018). As a result of 

cattle consuming large amounts of feed in a short time, a large amount of nitrate 

is suddenly taken into the rumen and the risk of toxicity will increase. In a study, 

the same amount of TMR was given to sheep as 1, 2, and 8 meals, and blood 

methemoglobin levels were measured. While the methemoglobin level in sheep 

fed 8 meals was around 2-3% throughout the day, the methemoglobin level 

increased up to 20-25% after feeding hours in 2-meal feeding, and in 1-meal 

feeding, the methemoglobin level increased to around 25-30% in the hours 
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following feeding(Nolan et al., 2016). As can be seen from this study, 

consuming large amounts of feed in one meal increases the risk of toxicity. 

1.2 Susceptibility of animals to nitrate intoxication according 

to physiological periods 

Depending on the physiological periods of animals, their susceptibility 

to nitrate toxicity varies. The fetus has a high sensitivity to nitrate toxicity. Since 

the stomach in newborns does not function fully, the pH of the stomach is above 

normal. Microorganisms can live in this environment and convert nitrate to 

nitrite. This may cause nitrate toxicity. Susceptibility to nitrate toxicity 

decreases with age. Susceptibility to nitrate toxicity is increased in pregnant 

animals compared to non-pregnant animals(SULAK & AYDIN, 2005). 

2. Mechanism of nitrate intoxication in ruminants 

The main cause of nitrate toxicity is the ingestion of excessive amounts 

of nitrate or nitrite without an adaptation period. In ruminants, this situation is 

generally seen as a result of consuming large amounts of nitrate-rich forages or 

pastures without acclimatization, drinking nitrate-contaminated water, or 

consuming nitrate fertilizers. When nitrate taken in large amounts reaches the 

rumen, it is quickly reduced by bacteria to the more toxic nitrite by the enzyme 

nitrate reductase(Hall, 2018). Nitrite is very slowly reduced to ammonia using 

the enzyme nitrite reductase. The main reason for the rapid reduction of nitrate 

to nitrite and the slow reduction of nitrite to ammonia is the difference in the 

number of enzymes in the rumen. In a study conducted by Allison and 

Reddy[(Allison & Reddy, 1984), before getting used to nitrate diets, the amount 

of nitrate reductase in the rumen was 25 mmol/ml, while the amount of nitrite 

reductase was 4.5 mmol/ml. As can be understood from this, in animals that are 

not adapted to nitrate rations, the amount of nitrate reductase enzyme is higher 

than the amount of nitrite reductase enzyme, nitrite accumulates in the rumen 

and is absorbed through the rumen wall and passes into the blood. In the blood, 
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nitrate and nitrite serve as precursors of nitric oxide. However, excessive 

amounts of nitrite oxidize the +2-valent iron (ferrous (Fe+2)) in the structure of 

hemoglobin in the erythrocyte and turn it into +3-valent iron (ferric (Fe+3)). This 

condition is called Methemoglobinemia. In the case of methemoglobinemia, 

hemoglobin's affinity for oxygen decreases and it cannot carry oxygen. Tissues 

remain deprived of oxygen(Darling & Roughton, 1942). So, cyanosis occurs. 

Methemoglobin is converted to hemoglobin in erythrocytes in two ways. The 

first pathway is nicotine adenine dinucleotide-dependent methemoglobin 

reductase (NADH-Meth reductase), also known as cytochrome-b5 

reductase(Anderson et al., 1988). The second pathway is NADPH-meth 

reductase. While the first pathway can continue physiologically, the second 

pathway requires either a cofactor or an electron acceptor such as methylene 

blue to work(Cortazzo & Lichtman, 2014). Methemoglobin concentration in 

the blood peaks approximately 2.5 hours after feeding (Nolan et al., 2016). In a 

study by Van't Klooster et al.(van't Klooster et al., 1990), methemoglobin 

reached its peak concentration 1.5 hours after intravenous nitrite 

administration. In a study by Schneider Yeary(Schneider & Yeary, 1975), he 

found that the half-life of Methemoglobin in sheep was 1.5 hours. 

Methemoglobin level in the body is considered normal if it is less than 3%(Eder 

et al., 1949). In a study by Oruç and Ceylan(Oruç & Ceylan, 2001a), the average 

methemoglobin concentration in cattle was found to be 2.64±0.21%. When the 

methemoglobin level reaches 30-40%, clinical symptoms begin to appear. 

When it reaches around 70-80%, death occurs(Burrows, 1980). Nitrate and 

nitrite are not the only reason for methemoglobin formation. Studies have 

reported that some local anesthetics such as lidocaine and benzocaine(Cortazzo 

& Lichtman, 2014; Spielman et al., 1984), antibiotics such as 

sulfamethoxazole, antineoplastic agents such as flutamide, drugs used in the 

treatment of malaria such as primaquine, and industrial products such as Amino 

phenol cause methemoglobinemia(Cortazzo & Lichtman, 2014). Nitrate 
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toxicity in ruminant feeding generally results from roughage, pasture, or water. 

While the nitrate level in water is desired to be below 100 (Puls, 1994). it has a 

toxic effect on ruminants at 1000 ppm and above(Hall, 2018). Nitrate in water 

is more toxic than in roughage. The main reason for this is that the nitrate in 

water turns into nitrite much faster than roughage. While a nitrate level of less 

than 0.5% in DM is considered safe in roughage, it has been reported that 1% 

and above nitrate in DM has a lethal effect on ruminants. However, in some 

publications, it has been reported that nitrate content of 2260 ppm and above in 

roughage is toxic(Oruç & Ceylan, 2001b). Pregnant animals should not be 

given roughage containing 2000 ppm or more nitrate. Even if feeds containing 

lower amounts of nitrate are given to animals that have been starved for a long 

time, toxicity may occur(Hall, 2018). 

3. Examples of nitrate toxicity due to different causes 

In 1986, it was reported that 18 heifers fed with wild hay containing 6% 

potassium nitrate died(Howard, 1993). In 1988, 16 beef cattle were found dead 

in a pasture in Canada. As a result of the investigations, it was found that the 

waters were contaminated with nitrate fertilizers.(Yong et al., 1990). 6 of the 

cattle fed with oat hay died shortly after feeding. In the analysis, it was found 

that oat hay contains 18000 ppm nitrate and 15500 ppm nitrite(Smith, 1991). 

On a farm in the USA, 3 of the dry cows fed hay in the evening died in the 

morning. In the examinations, it was found that there was 31000 ppm nitrate in 

the straw(Brown et al., 1990). It has been reported that amaurosis occurred in 

the calves of cattle fed with feeds with high nitrate levels in Isparta(ŞANLI, 

1983). Four adult alpacas fed oat straw died because of nitrate poisoning. In the 

analysis, it was found that oat straw contained 1950 ppm nitrate(McKenzie et 

al., 2009). Three cattle died after consuming the plant called Chenopodium 

album, also known as goosefoot. In the analysis, it was found that the goosefoot 

plant contains 2500 ppm nitrate nitrogen(Ozmen et al., 2003). 9 horses died 



A VIEW OF AGRICULTURE FROM AN ACADEMIC PERSPECTIVE | 150 

 

between February and April on a horse farm in Bursa. Research has found that 

alfalfa hay and some forages contain high levels of nitrate(Oruc et al., 2010).  

4. Clinical symptoms in nitrate toxicity 

As a result of nitrate toxicity, methemoglobinemia occurs and oxygen 

cannot be transported to the tissues. Symptoms also occur due to this. 

Symptoms worsen when methemoglobin concentration increases. Under 

normal conditions, methemoglobin concentration is around 2%(Oruç & Ceylan, 

2001b). Clinical symptoms are not obvious when the methemoglobin 

concentration is below 10%. At low doses, there is a decrease in efficiency 

without clinical symptoms, and when the methemoglobin concentration 

increases, cyanosis occurs due to the inability to carry oxygen to the cells, and 

a blue-violet discoloration of the skin occurs. In addition, there is an increase 

in breathing, increased heart rate, and tremors, and when the severity of toxicity 

increases, pregnant animals experience abortion(Hall, 2018) When the 

methemoglobin concentration reaches 80%, death may occur(Lee & 

Beauchemin, 2014). Although not always seen, increased salivation, vomiting, 

and diarrhea may occur due to nitrate toxicity(Robson, 2007).  

5. Diagnosis 

There are no specific symptoms of nitrate toxicity. It can be confused 

with many diseases. Acute nitrate toxicity: It can be confused with 

hypomagnesemia, ammonia toxicity, cyanide poisoning, insecticide, and 

herbicide toxicity. Darkening of the blood due to methemoglobinemia can be 

confused with septicemia(Hall, 2018). For definitive diagnosis, nitrate analysis 

should be performed in the feed and water of living animals, and in addition, 

blood methemoglobin concentration should be measured. To diagnose nitrate 

toxicity in dead animals, nitrate analysis should be done in feed and water, and 

additionally, nitrate analysis should be done by taking samples from the ocular 

fluid the best place to sample for nitrate analysis in deceased animals is the 
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ocular fluid. Because nitrate in the ocular fluid can remain stable for a day at 

room temperature and can remain stable for a week at +4°C(Boermans, 1990). 

It is not recommended to take and analyze the rumen content of dead animals 

to diagnose nitrate toxicity. Because even though the animal is dead, 

fermentation in the rumen continues for a while and the nitrate and nitrite 

concentrations change. For diagnosis, blood and plasma samples can be taken, 

and nitrate analysis can be performed. However, the recommended location is 

the ocular fluid. Nitrate concentration in ocular fluid is 35% less than serum 

nitrate concentration(Boermans, 1990). Diphenylamine blue test is commonly 

used to diagnose nitrate in samples taken(Burrows, 1980). In an animal without 

nitrate toxicity, the ocular fluid nitrate concentration is less than 5 ppm. Nitrate 

concentration in the ocular fluid is between 10-20 ppm, indicating excessive 

nitrate exposure. If the concentration of nitrate in the ocular fluid is more than 

20 ppm, it is considered diagnostic of poisoning(Burrows & Tyrl, 2001). In 

cases of abortion and stillbirth, the interpretation of the sample taken from the 

ocular fluid of the offspring is different. Because the normal nitrate 

concentration in fetal ocular fluid is around 20 ppm. To be diagnosed with 

nitrate toxicity, there must be 30 ppm or more nitrate in the fetal ocular 

fluid(Hall, 2018; Johnson et al., 1994). It is not realistic to perform nitrite 

analysis in samples taken from living tissues to diagnose nitrate toxicity. This 

is because nitrite has a short half-life(Hall, 2018). 

6. Treatment 

Treatment should first begin by placing the sick animal in a stress-free 

environment. 1-2% methylene blue solution should be calculated as 4-15 mg/kg 

per animal body weight and given intravenously. Practically, 2% methylene 

blue solution can be administered intravenously as 20 ml per hundred kilograms 

of live weight. In severe cases, treatment can be repeated with low doses. The 

half-life of methylene blue is 90 minutes. However, it accumulates in some 

tissues. In treated animals, tissues and urine turn dark green. Treated animals 
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must wait at least 180 days for slaughter. Tolonium chloride can be used as an 

alternative to methylene blue for treatment. However, the therapeutic index of 

tolonium chloride is narrow. 

6.1 Use of vitamin A, vitamin C, and selenium for therapeutic 

purposes 

In nitrate and nitrite toxicity, methemoglobinemia occurs and oxygen 

transport to the tissues is prevented. Methylene blue is used for treatment 

purposes(Ginimuge & Jyothi, 2010). However, in studies conducted on 

humans, it has been reported that the use of methylene blue may be dangerous 

in individuals deficient in the glucose 6 phosphate dehydrogenase 

enzyme(Gregg & Prchal, 2018). Antioxidants and vitamins can be tried as an 

alternative treatment(Mansouri & Lurie, 1993). Vitamin C has been reported to 

reduce methemoglobin levels(Prchal & Gregg, 2005). However, 

methemoglobin levels may increase depending on the dose of vitamin In an in 

vitro study on alternative treatments to nitrate toxicity in ruminants, it was 

reported that vitamin A and vitamin B1 had no effect, but vitamin C and vitamin 

E reduced methemoglobin levels(Atyabi et al., 2012). It has been reported that 

there may be an increase or decrease in methemoglobin levels in both vitamin 

E and vitamin C, depending on the application dose. It has been reported that 

there is a decrease in methemoglobin levels when vitamin C and vitamin E are 

used together(Atyabi et al., 2012). As a result, it has been understood that 

vitamin C can be used as an alternative treatment for nitrate toxicity. It has been 

reported that the optimum dose in ruminants under in vitro conditions is 5 

mmol/L. However, in vivo studies need to be conducted before using it in 

treatment.  
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INTRODUCTION 

The Astragalus genus has a narrative that permeates both human culture 

and the natural world; it is more than simply a chapter in a book on botany. 

"Astragalus" seems archaic, doesn't it? It means "ankle bone" in Greek 

(Castillon et al., 2023). It's kind of amusing, really, how these seeds gained their 

name—they resemble tiny bones. How do these seeds in their dried pods sound? 

similar to dice (Barneby, 1964). It begs the question of whether people in the 

past used them for a brief game of chance. 

However, Astragalus is not simply a fascinating name. The Fabaceae is 

a large family with more than 3000 species (Frodin 2004). They may be found 

all over the world, including Europe and North America, the arid regions of 

Central Asia, and the temperate zones of the Northern Hemisphere (Castillon 

et al., 2023). They seem to have a talent for appearing almost anyplace, 

showcasing their adaptability and toughness (Amiri et al., 2020). 

These plants assume a variety of shapes and forms that are both a 

botanist's nightmare and dream come true. Sorting them all out is a tremendous 

difficulty due to their variation in appearance. For years, taxonomists have been 

baffled by the many classification schemes that have been tried. They have 

divided them into groups, separated them into categories, and tried everything. 

Then, a whole new level of mystery was added when molecular studies emerged 

and completely caught everyone off guard (Zarre and Azani, 2013). 

It's not all science, however, Astragalus is deeply ingrained in both the 

economy and culture. They have been used historically for a variety of 

purposes, including food, medicinal, and even ornamentation (Teng et al., 

2011). Not to be overlooked is gum tragacanth, a true gem derived from these 

plants. Iran is the biggest supplier and is essentially the place to go for it 

(Anderson, 1998). 

The knowledge about Astragalus is a little disorganized despite all the 

tales and applications. There is still so much to discover, particularly in the 
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areas of pharmacology and phytochemistry (Zarshenas et al., 2013; Amiri et al., 

2020). This reviews aims to address that by attempting to integrate all of these 

disparate pieces of information. The objective? to establish a strong base that 

will serve as a jumping off point for further research projects and maybe even 

some business endeavors. 

As go further into these researches, There are be examining the many 

contexts in which Astragalus has been used in daily life, including medicine, 

the kitchen, the fields, and even the marketplace. It ultimately try down to 

making the connections between conventional wisdom and contemporary 

science and illuminating the complex relations between Astragalus and 

mankind. Astragalus species also has the ability to fix nitrogen and increase 

soil fertility. These species can have agriculture, livestock production, erosion 

control and touristic activities, and as well as ecosystem and biodiversity. 

SYSTEMATIC AND MORPHOLOGY 

Examining the Astragalus L. genus, we find ourselves dealing with a 

formidable force in the plant kingdom, particularly in the prestigious Fabaceae 

family. This tribe settles into comfortable places beneath the Galegeae tribe. 

Now, you'll see that these individuals have essentially staked out their locations 

in the two major regions—the Old World, or Eurasia, and the New World, or 

America. We're talking about around more than 3000 species here, which 

includes anything from common garden herbs to somewhat more robust tiny 

shrubs. The common term for these plants is milkvetches, which is almost as 

peculiar as some of its traits (Davis, 1970). 

These plants are mostly classified as herbaceous. They are not the ones 

that mistake themselves for trees; rather, they are the green, non-woody kinds. 

There are two primary varieties available: annuals, which are fast-growing 

plants that complete their life cycle in a single year, and perennials, which are 

the long-term, multi-year plants. Many of them like to flaunt their caulescent 

stems, which rise upwards toward the sky. However, there are also rare rebels 
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who prefer the subterranean environment and sometimes emerge from what is 

called a caudex. Then there are the gregarious butterflies, which give rise to 

stolons, which resemble plant runners and spread out across the ground, 

sprouting roots and shoots at nodes (Davis, 1970). 

These plants often have some kind of pubescence as part of their design 

statement. That's simply a fancy way of stating that they may have these unique 

characteristics on their surfaces called trichomes, or they may be somewhat 

hairy. These may be as basic as a pencil or as complex as an exotic dolabriform, 

which is essentially a little knife with two protruding arms and a center shaft 

(Davis, 1970). 

The tiny green details, like stipules, near the base of the petiole will come 

into focus as you enlarge the image. These may fly alone or in close proximity 

to the petiole; sometimes, they may even provide a little embrace to the stem or 

unite to create a sheath. Their appeal may be enhanced by the fine hairs 

adorning the edges. The foliage? They often lack the small leaflets (stipels) at 

the base of their leaves, which are an odd number of leaflets arranged in a tidy 

row along a central stem called a rachis (Davis, 1970). 

In terms of flowers, this is going to be quite the get-together. These 

flowers, which are arranged on stalks called peduncles in what are known as 

pedunculate inflorescences, come together in clusters that may resemble 

umbrellas (umbels) or more closely resemble heads, particularly in the axillary 

locations. A few bractlets may arise at the base of the calyx. The small bracts 

that emerge are similar to the subtle accessories of the flower world (Davis, 

1970). 

The focal point, the blooms, are reminiscent of a botanical fashion show 

because to their papilionate structure, which is often compared to a butterfly. 

With a color pallet that ranges from violets and reds to violets, pinks, whites, 

yellows, and everything in between, they would make any artist jealous. The 

floral pattern includes a keel that is usually longer than the wings and a banner 
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that may either be standing tall or bending slightly, with a little claw at the base 

of the banner sometimes. The outer floral whorl, or calyx, may have a 

symmetrical base that can go either direction, ringing in with a bell-like shape 

or aiming more cylindrically. It can even sometimes take the form of an urn 

(Davis, 1970). 

These plants now yield pods that are like their own unique trademarks, 

differing greatly in size, shape, texture, and how they choose to open up when 

the time is right. When the time comes, they may decide to make a clean escape 

and adhere themselves to the plant, perch on a stalk, or even take a stand on a 

stipe or gynophore. The forms range in texture from paper-thin to strong as 

leather, and they resemble a roll call of geometric shapes, from linear and 

oblong to ovoid and beyond (Davis, 1970). 

The seeds are adorned in a variety of hues and textures within these pods, 

and they may be channeling their inner kidney bean or opting for a more mitt-

like form. Every one of them seems to be hiding a small narrative that is just 

waiting to be unveiled (Davis, 1970). 

ADAPTATION 

Discovering the world of Astragalus species is like to investigating the 

ultimate adapters inside the realm of plants. These hardy cookies really have a 

talent for thriving in semi-arid to desert environments. Imagine them prospering 

in areas where the annual rainfall gauge rarely reaches 300–400 mm, and 

enduring harsh frosts (Davis, 1970). They are sun seekers who enjoy the 

grandeur of sunny locations and have a preference for sandy or well-drained 

loam soils (Erkovan et al., 2015). However, they are not interested in just any 

soil; they are particularly drawn to the kind of thick, calcareous clay that are 

prevalent in the driest regions of the earth. 

Moreover, these plants don't care what elevation they grow in. They can 

reach heights of up to 2500 meters and are perfectly content in deteriorated 

settings. They tend to thrive at elevations of 1500 to 2500 meters above sea 
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level, where they may plant their roots in the calcareous clay soils that they like 

(Davis, 1970). They grow in pH ranges of 6.5 to 8.0, with neutral soils being 

most happiest (Vasquez et al., 2010). They are cool about soil pH moist soles? 

These plants are all about living a dry lifestyle, and they appear to really get 

going when they receive a little CO2 boost, particularly outside in the sun 

(Vasquez et al., 2010). 

Astragalus species are amazing because of their buddy system with 

Rhizobia bacterias. They can fix nitrogen, which enables them to grow very 

creatively even in soils deficient in nitrogen (Erkovan et al., 2015). 

Additionally, once they have completed their life cycle, they leave behind a 

little amount of nitrogen in the soil, which serves as a feast for the nearby 

grasses and other plant species. They worry about them taking up all the area; 

they coexist peacefully and have no known allelopathic tendencies that might 

drive out other species (Erkovan and Koc, 2022). That's when the local wildlife 

comes into play; mice, ants, birds, lambs, and goats all help out, but it's still 

unclear exactly how seeds survive and germinate. And they're serious 

challengers in the plant kingdom because of their ability at fixing nitrogen, 

particularly in places like overgrazed rangelands that have seen better days. 

To put it technically, Astragalus species are heliophytes, or real sun 

lovers, yet they don't always have sunny days. If you put them in the shadow, 

they won't be the happy campers, and their population will decline in less sunny 

areas. It is also unrealistic to expect them to recover from their roots in the event 

of a calamity like a fire or a haircut (Koc et al., 1994; Erkovan et al., 2015). 

FORAGE POTENTIAL and EVALUATION 

We start our study of the Astragalus genus by going into a region where 

more than 3,000 species of small bushes and plants do well. This area is under 

the broad wing of the Fabaceae family. These plants, which are also called 

milkvetches, can be found in a wide range of places on many continents, from 
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the green areas of North America to the historic areas of Europe and Asia 

(Castillon et al., 2023). 

Astragalus has been used in traditional medicine for a long time because 

it is good for you in many ways, especially in the complex system of Chinese 

plant treatments. The genus is useful for more than just human health. It is also 

useful in rural fields because it feeds animals like the cows and ovines that live 

on our farms. This two-in-one function links the health and farming areas and 

shows how adaptable the genus is (Benchadi et al., 2013). 

But there is a word of caution in Astragalus' story. Even though it has a 

lot of different kinds, some species have parts that are more or less dangerous, 

which could put animals that eat them in danger (Gökkuş et al., 2001). Because 

of this, people who take care of animals must be careful. To learn about the 

safety of the local Astragalus species and to protect their charges, they should 

talk to farm development agencies or plant experts. 

Because this genus grows in grasslands, Astragalus stands out as a 

nutritional powerhouse. Its leaf contains a wide range of fiber and protein that 

grazing animals need. This abundance comes with a risk, though, because the 

group has some species that animals shouldn't eat because they are bad for their 

health. There is a paradox here that shows how important it is to correctly 

identify species and use skilled grazing methods, like rotational grazing, to help 

these plants grow again and protect the animals that eat them (Shu et al., 2010). 

Astragalus species, which are good at living in dry and semi-arid places, 

are seen as models of resilience in places where water is scarce because they 

can handle drought. Some types of Astragalus also have a mutually beneficial 

connection with bacteria that fix nitrogen. These bacteria use the nodules on 

their roots as crucibles for nitrogen synthesis, which is good for the soil and the 

environment as a whole (Erkovan and Koc, 2022). 

Although its worth comes mostly from its use in traditional medicine, 

Astragalus makes important contributions to the rural world. Some growers 
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grow Astragalus for its health benefits as well as its use as feed. Astragalus 

group, which has many different species, is where traditional medicine and 

herding come together. The need to be careful with its many health and 

nutritional benefits is matched by the fact that these plants can live in harmony 

with the places they live and the people they touch (McKenna et al., 2002). 

There is a multitude of Astragalus species in their natural habitats. There 

are numerous species that are capable of withstanding extreme temperatures, 

droughts, and irregular soil throughout the world (Davis, 1970; Erkovan et al., 

2015). Limited selections of these species meet the criteria for forage plants, 

and they can manifest in two forms: annual or perennial, with or without thorns. 

Animals as undesirable intruders regard the majority of Astragalus species 

found in the rangelands of our country. Animal grazing may be permitted on a 

number of plants found in our rangelands (Serin et al., 2005), contingent upon 

the condition of their secondary metabolites. As an illustration, among other 

comparable herbaceous plants, small ruminants (e.g., sheep, goats) favor 

Astragalus angustifolius Lam., A. fraxinifolius DC., A. idea Sirj., A. 

onobrychis L., A. schizopterus Boiss., A. squalidus Boiss. and Noe. (Syn. A. 

amoenus Fenzl.) and A. trojanus Stev. (Serin et al., 2005) (Figure 1).  
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Krzysztof Ziarnek, Kenraiz, CC BY-SA 4.0, 

http://commons.wikimedia.org/w/index.php?curid=75387012 

 

https://turkiyebitkileri.com/tr/foto%C4%9Fraf-galerisi/fabaceae-

baklagiller/astragalus-geven/astragalus-fraxinifolius/37183-giresun.html 

https://turkiyebitkileri.com/tr/foto%C4%9Fraf-galerisi/fabaceae-baklagiller/astragalus-geven/astragalus-fraxinifolius/37183-giresun.html
https://turkiyebitkileri.com/tr/foto%C4%9Fraf-galerisi/fabaceae-baklagiller/astragalus-geven/astragalus-fraxinifolius/37183-giresun.html
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http://www.kazdaglari.com/bitkiler/kazdag/FOT-1/astragalus/astragalus-1.html 

 

https://yabanicicekler.com/flower/astragalus-onobrychis-47 

http://www.kazdaglari.com/bitkiler/kazdag/FOT-1/astragalus/astragalus-1.html
https://yabanicicekler.com/flower/astragalus-onobrychis-47
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https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-

geven/astragalus-schizopterus/13345-hatay.html 

 

https://botany.cz/cs/astragalus-amoenus/ 

https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-schizopterus/13345-hatay.html
https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-schizopterus/13345-hatay.html
https://botany.cz/cs/astragalus-amoenus/
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https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-

geven/astragalus-trojanus/41962-i%CC%87zmir.html 

Figure 1: Some species of Astragalus with nutritional value in pastures. 

 

Apart from the aforementioned species, certain prickly plants that are not 

fed are subjected to alternative treatment and are employed as animal fodder in 

regions of Anatolia characterized by harsh winters. Astragalus angustifolius 

Lam., A. baibutensis Bunge, A. brachypterus Fisch., A. cadmicus Boiss., A. 

compactus Lam., A. mongholicus Bunge (Syn. A. microcephalus Fisch.) and 

A. propinquus Schischkin. are species that are utilized more locally and 

regionally (Figure 2).  

In specific regions, specific species of Astragalus that are harvested from 

the surface of the soil are processed into fodder and fed to livestock during the 

winter. In some regions, root-bearing plants are dug up, submerged in water for 

the winter, then harvested and fed to animals. Soaking the prickly leaves of the 

https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-trojanus/41962-i%CC%87zmir.html
https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-trojanus/41962-i%CC%87zmir.html
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plant in water during the wintertime renders them suitable for animal feed 

(Kargıoğlu et al., 2008; Özüdoğru et al., 2011; Amiri et al., 2020). The leaflet 

at the tip of the leaf stalk is in the shape of a thorn. Therefore, it is difficult for 

animals to graze on it, but goats prefer it (Figure 2). 

 

Krzysztof Ziarnek, Kenraiz, CC BY-SA 4.0, 

http://commons.wikimedia.org/w/index.php?curid=75387012 
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https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:476350-1 

 

https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-

geven/astragalus-brachypterus/13011-haymana-ankara.html 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:476350-1
https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-brachypterus/13011-haymana-ankara.html
https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-brachypterus/13011-haymana-ankara.html
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https://twitter.com/antalyafestival/status/1303299523104694273 

 

http://www.vanherbaryum.yyu.edu.tr/flora/famgenustur/fab/astragalus/comp/index.ht

m 

https://twitter.com/antalyafestival/status/1303299523104694273
http://www.vanherbaryum.yyu.edu.tr/flora/famgenustur/fab/astragalus/comp/index.htm
http://www.vanherbaryum.yyu.edu.tr/flora/famgenustur/fab/astragalus/comp/index.htm
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https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogId=jdchol&log

No=220116554088&view=img_6 

 

https://antropocene.it/en/2023/01/09/astragalus-propinquus-2/ 

Figure 2. Astragalus species used in animal feeding with locally different 

applications. 

 

https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogId=jdchol&logNo=220116554088&view=img_6
https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogId=jdchol&logNo=220116554088&view=img_6
https://antropocene.it/en/2023/01/09/astragalus-propinquus-2/
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Although the Astragalus genus contains approximately 3000 species, 

only Astragalus cicer is viable as a nutrition source (Açıkgöz, 2021). This 

perennial plant is suitable as sustenance due to its extended lifecycle, resistance 

to frigid temperatures, and absence of bloading. This plant occurs naturally 

between the Caucasus and southern Spain. Under ideal conditions—rich soil 

and a favorable climate—it could attain a height of three meters. One meter is 

the maximum depth of its roots. Clustering of plants is possible due to the 

production of rhizomes. Occasionally, the cluster may attain a dimension of 

120 cm (Figure 3).  

 

https://en.wikipedia.org/wiki/Astragalus_cicer#/media/File:Astragalus_cicer1.jpg 

Figure 3. The species of Astragalus used as a forage plant. 

 

https://en.wikipedia.org/wiki/Astragalus_cicer#/media/File:Astragalus_cicer1.jpg
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The flattened, coarse stems sag toward the earth. Depending on the 

conditions, the dry matter yield can range from 500 to 1000 kg/ha, which is 

significantly lower than that of alfalfa. The average protein content is 20% and 

the rate of digestion is 70% (Açıkgöz, 2021). In addition to being a forage crop, 

it can be utilized in grazing systems because it does not induce bloating in 

animals. Due to the fact that the majority of its growth takes place during the 

summer, it is presently utilized more frequently in pasture regions. Despite this, 

it is a species that is not cultivated frequently in our country.  

Astragalus species contain toxic compounds that can cause poisoning 

when consumed above a certain level. Therefore, consumption in its green state 

is not advisable. Astragalus species are among the plants that accumulate 

selenium, which promotes growth (Gökkuş and Saygı, 2004). While selenium 

is a necessary nutrient for Astragalus species, it can be toxic for animals that 

consume selenium-rich plants excessively (Altın et al., 2021). However, when 

dried, its toxicity diminishes (Gökkuş et al., 2011). Among the A. cicer, it is a 

species that does not exhibit toxic properties.  

In conclusion, species of Astragalus, despite not being widely used as 

forage or fodder, are valuable for preventing erosion in areas at risk. However, 

some species can still be utilized by animals to a limited extent. These species 

are more important for ecosystem vitality, presence, and continuity. Therefore, 

they are species that need to be extensively studied for various purposes. 
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INTRODUCTION 

The Astragalus genus has a narrative that permeates both human culture 

and the natural world; it is more than simply a chapter in a book on botany. 

"Astragalus" seems archaic, doesn't it? It means "ankle bone" in Greek 

(Castillon et al., 2023). It's kind of amusing, really, how these seeds gained their 

name—they resemble tiny bones. How do these seeds in their dried pods sound? 

similar to dice (Barneby, 1964). It begs the question of whether people in the 

past used them for a brief game of chance. 

However, Astragalus is not simply a fascinating name. The Fabaceae is 

a large family with more than 3000 species (Frodin 2004). They may be found 

all over the world, including Europe and North America, the arid regions of 

Central Asia, and the temperate zones of the Northern Hemisphere (Castillon 

et al., 2023). They seem to have a talent for appearing almost anyplace, 

showcasing their adaptability and toughness (Amiri et al., 2020). 

These plants assume a variety of shapes and forms that are both a 

botanist's nightmare and dream come true. Sorting them all out is a tremendous 

difficulty due to their variation in appearance. For years, taxonomists have been 

baffled by the many classification schemes that have been tried. They have 

divided them into groups, separated them into categories, and tried everything. 

Then, a whole new level of mystery was added when molecular studies emerged 

and completely caught everyone off guard (Zarre and Azani, 2013). 

It's not all science, however, Astragalus is deeply ingrained in both the 

economy and culture. They have been used historically for a variety of 

purposes, including food, medicinal, and even ornamentation (Teng et al., 

2011). Not to be overlooked is gum tragacanth, a true gem derived from these 

plants. Iran is the biggest supplier and is essentially the place to go for it 

(Anderson, 1998). 

The knowledge about Astragalus is a little disorganized despite all the 

tales and applications. There is still so much to discover, particularly in the 
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areas of pharmacology and phytochemistry (Zarshenas et al., 2013; Amiri et al., 

2020). This reviews aims to address that by attempting to integrate all of these 

disparate pieces of information. The objective? to establish a strong base that 

will serve as a jumping off point for further research projects and maybe even 

some business endeavors. 

As go further into these researches, There are be examining the many 

contexts in which Astragalus has been used in daily life, including medicine, 

the kitchen, the fields, and even the marketplace. It ultimately try down to 

making the connections between conventional wisdom and contemporary 

science and illuminating the complex relations between Astragalus and 

mankind. Astragalus species also has the ability to fix nitrogen and increase 

soil fertility. These species can have agriculture, livestock production, erosion 

control and touristic activities, and as well as ecosystem and biodiversity. 

SYSTEMATIC AND MORPHOLOGY 

Examining the Astragalus L. genus, we find ourselves dealing with a 

formidable force in the plant kingdom, particularly in the prestigious Fabaceae 

family. This tribe settles into comfortable places beneath the Galegeae tribe. 

Now, you'll see that these individuals have essentially staked out their locations 

in the two major regions—the Old World, or Eurasia, and the New World, or 

America. We're talking about around more than 3000 species here, which 

includes anything from common garden herbs to somewhat more robust tiny 

shrubs. The common term for these plants is milkvetches, which is almost as 

peculiar as some of its traits (Davis, 1970). 

These plants are mostly classified as herbaceous. They are not the ones 

that mistake themselves for trees; rather, they are the green, non-woody kinds. 

There are two primary varieties available: annuals, which are fast-growing 

plants that complete their life cycle in a single year, and perennials, which are 

the long-term, multi-year plants. Many of them like to flaunt their caulescent 

stems, which rise upwards toward the sky. However, there are also rare rebels 
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who prefer the subterranean environment and sometimes emerge from what is 

called a caudex. Then there are the gregarious butterflies, which give rise to 

stolons, which resemble plant runners and spread out across the ground, 

sprouting roots and shoots at nodes (Davis, 1970). 

These plants often have some kind of pubescence as part of their design 

statement. That's simply a fancy way of stating that they may have these unique 

characteristics on their surfaces called trichomes, or they may be somewhat 

hairy. These may be as basic as a pencil or as complex as an exotic dolabriform, 

which is essentially a little knife with two protruding arms and a center shaft 

(Davis, 1970). 

The tiny green details, like stipules, near the base of the petiole will come 

into focus as you enlarge the image. These may fly alone or in close proximity 

to the petiole; sometimes, they may even provide a little embrace to the stem or 

unite to create a sheath. Their appeal may be enhanced by the fine hairs 

adorning the edges. The foliage? They often lack the small leaflets (stipels) at 

the base of their leaves, which are an odd number of leaflets arranged in a tidy 

row along a central stem called a rachis (Davis, 1970). 

In terms of flowers, this is going to be quite the get-together. These 

flowers, which are arranged on stalks called peduncles in what are known as 

pedunculate inflorescences, come together in clusters that may resemble 

umbrellas (umbels) or more closely resemble heads, particularly in the axillary 

locations. A few bractlets may arise at the base of the calyx. The small bracts 

that emerge are similar to the subtle accessories of the flower world (Davis, 

1970). 

The focal point, the blooms, are reminiscent of a botanical fashion show 

because to their papilionate structure, which is often compared to a butterfly. 

With a color pallet that ranges from violets and reds to violets, pinks, whites, 

yellows, and everything in between, they would make any artist jealous. The 

floral pattern includes a keel that is usually longer than the wings and a banner 
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that may either be standing tall or bending slightly, with a little claw at the base 

of the banner sometimes. The outer floral whorl, or calyx, may have a 

symmetrical base that can go either direction, ringing in with a bell-like shape 

or aiming more cylindrically. It can even sometimes take the form of an urn 

(Davis, 1970). 

These plants now yield pods that are like their own unique trademarks, 

differing greatly in size, shape, texture, and how they choose to open up when 

the time is right. When the time comes, they may decide to make a clean escape 

and adhere themselves to the plant, perch on a stalk, or even take a stand on a 

stipe or gynophore. The forms range in texture from paper-thin to strong as 

leather, and they resemble a roll call of geometric shapes, from linear and 

oblong to ovoid and beyond (Davis, 1970). 

The seeds are adorned in a variety of hues and textures within these pods, 

and they may be channeling their inner kidney bean or opting for a more mitt-

like form. Every one of them seems to be hiding a small narrative that is just 

waiting to be unveiled (Davis, 1970). 

ADAPTATION 

Discovering the world of Astragalus species is like to investigating the 

ultimate adapters inside the realm of plants. These hardy cookies really have a 

talent for thriving in semi-arid to desert environments. Imagine them prospering 

in areas where the annual rainfall gauge rarely reaches 300–400 mm, and 

enduring harsh frosts (Davis, 1970). They are sun seekers who enjoy the 

grandeur of sunny locations and have a preference for sandy or well-drained 

loam soils (Erkovan et al., 2015). However, they are not interested in just any 

soil; they are particularly drawn to the kind of thick, calcareous clay that are 

prevalent in the driest regions of the earth. 

Moreover, these plants don't care what elevation they grow in. They can 

reach heights of up to 2500 meters and are perfectly content in deteriorated 

settings. They tend to thrive at elevations of 1500 to 2500 meters above sea 
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level, where they may plant their roots in the calcareous clay soils that they like 

(Davis, 1970). They grow in pH ranges of 6.5 to 8.0, with neutral soils being 

most happiest (Vasquez et al., 2010). They are cool about soil pH moist soles? 

These plants are all about living a dry lifestyle, and they appear to really get 

going when they receive a little CO2 boost, particularly outside in the sun 

(Vasquez et al., 2010). 

Astragalus species are amazing because of their buddy system with 

Rhizobia bacterias. They can fix nitrogen, which enables them to grow very 

creatively even in soils deficient in nitrogen (Erkovan et al., 2015). 

Additionally, once they have completed their life cycle, they leave behind a 

little amount of nitrogen in the soil, which serves as a feast for the nearby 

grasses and other plant species. They worry about them taking up all the area; 

they coexist peacefully and have no known allelopathic tendencies that might 

drive out other species (Erkovan and Koc, 2022). That's when the local wildlife 

comes into play; mice, ants, birds, lambs, and goats all help out, but it's still 

unclear exactly how seeds survive and germinate. And they're serious 

challengers in the plant kingdom because of their ability at fixing nitrogen, 

particularly in places like overgrazed rangelands that have seen better days. 

To put it technically, Astragalus species are heliophytes, or real sun 

lovers, yet they don't always have sunny days. If you put them in the shadow, 

they won't be the happy campers, and their population will decline in less sunny 

areas. It is also unrealistic to expect them to recover from their roots in the event 

of a calamity like a fire or a haircut (Koc et al., 1994; Erkovan et al., 2015). 

FORAGE POTENTIAL and EVALUATION 

We start our study of the Astragalus genus by going into a region where 

more than 3,000 species of small bushes and plants do well. This area is under 

the broad wing of the Fabaceae family. These plants, which are also called 

milkvetches, can be found in a wide range of places on many continents, from 
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the green areas of North America to the historic areas of Europe and Asia 

(Castillon et al., 2023). 

Astragalus has been used in traditional medicine for a long time because 

it is good for you in many ways, especially in the complex system of Chinese 

plant treatments. The genus is useful for more than just human health. It is also 

useful in rural fields because it feeds animals like the cows and ovines that live 

on our farms. This two-in-one function links the health and farming areas and 

shows how adaptable the genus is (Benchadi et al., 2013). 

But there is a word of caution in Astragalus' story. Even though it has a 

lot of different kinds, some species have parts that are more or less dangerous, 

which could put animals that eat them in danger (Gökkuş et al., 2001). Because 

of this, people who take care of animals must be careful. To learn about the 

safety of the local Astragalus species and to protect their charges, they should 

talk to farm development agencies or plant experts. 

Because this genus grows in grasslands, Astragalus stands out as a 

nutritional powerhouse. Its leaf contains a wide range of fiber and protein that 

grazing animals need. This abundance comes with a risk, though, because the 

group has some species that animals shouldn't eat because they are bad for their 

health. There is a paradox here that shows how important it is to correctly 

identify species and use skilled grazing methods, like rotational grazing, to help 

these plants grow again and protect the animals that eat them (Shu et al., 2010). 

Astragalus species, which are good at living in dry and semi-arid places, 

are seen as models of resilience in places where water is scarce because they 

can handle drought. Some types of Astragalus also have a mutually beneficial 

connection with bacteria that fix nitrogen. These bacteria use the nodules on 

their roots as crucibles for nitrogen synthesis, which is good for the soil and the 

environment as a whole (Erkovan and Koc, 2022). 

Although its worth comes mostly from its use in traditional medicine, 

Astragalus makes important contributions to the rural world. Some growers 
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grow Astragalus for its health benefits as well as its use as feed. Astragalus 

group, which has many different species, is where traditional medicine and 

herding come together. The need to be careful with its many health and 

nutritional benefits is matched by the fact that these plants can live in harmony 

with the places they live and the people they touch (McKenna et al., 2002). 

There is a multitude of Astragalus species in their natural habitats. There 

are numerous species that are capable of withstanding extreme temperatures, 

droughts, and irregular soil throughout the world (Davis, 1970; Erkovan et al., 

2015). Limited selections of these species meet the criteria for forage plants, 

and they can manifest in two forms: annual or perennial, with or without thorns. 

Animals as undesirable intruders regard the majority of Astragalus species 

found in the rangelands of our country. Animal grazing may be permitted on a 

number of plants found in our rangelands (Serin et al., 2005), contingent upon 

the condition of their secondary metabolites. As an illustration, among other 

comparable herbaceous plants, small ruminants (e.g., sheep, goats) favor 

Astragalus angustifolius Lam., A. fraxinifolius DC., A. idea Sirj., A. 

onobrychis L., A. schizopterus Boiss., A. squalidus Boiss. and Noe. (Syn. A. 

amoenus Fenzl.) and A. trojanus Stev. (Serin et al., 2005) (Figure 1).  
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Krzysztof Ziarnek, Kenraiz, CC BY-SA 4.0, 

http://commons.wikimedia.org/w/index.php?curid=75387012 

 

https://turkiyebitkileri.com/tr/foto%C4%9Fraf-galerisi/fabaceae-

baklagiller/astragalus-geven/astragalus-fraxinifolius/37183-giresun.html 

https://turkiyebitkileri.com/tr/foto%C4%9Fraf-galerisi/fabaceae-baklagiller/astragalus-geven/astragalus-fraxinifolius/37183-giresun.html
https://turkiyebitkileri.com/tr/foto%C4%9Fraf-galerisi/fabaceae-baklagiller/astragalus-geven/astragalus-fraxinifolius/37183-giresun.html
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http://www.kazdaglari.com/bitkiler/kazdag/FOT-1/astragalus/astragalus-1.html 

 

https://yabanicicekler.com/flower/astragalus-onobrychis-47 

http://www.kazdaglari.com/bitkiler/kazdag/FOT-1/astragalus/astragalus-1.html
https://yabanicicekler.com/flower/astragalus-onobrychis-47
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https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-

geven/astragalus-schizopterus/13345-hatay.html 

 

https://botany.cz/cs/astragalus-amoenus/ 

https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-schizopterus/13345-hatay.html
https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-schizopterus/13345-hatay.html
https://botany.cz/cs/astragalus-amoenus/
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https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-

geven/astragalus-trojanus/41962-i%CC%87zmir.html 

Figure 1: Some species of Astragalus with nutritional value in pastures. 

Apart from the aforementioned species, certain prickly plants that are not 

fed are subjected to alternative treatment and are employed as animal fodder in 

regions of Anatolia characterized by harsh winters. Astragalus angustifolius 

Lam., A. baibutensis Bunge, A. brachypterus Fisch., A. cadmicus Boiss., A. 

compactus Lam., A. mongholicus Bunge (Syn. A. microcephalus Fisch.) and 

A. propinquus Schischkin. are species that are utilized more locally and 

regionally (Figure 2).  

In specific regions, specific species of Astragalus that are harvested from 

the surface of the soil are processed into fodder and fed to livestock during the 

winter. In some regions, root-bearing plants are dug up, submerged in water for 

the winter, then harvested and fed to animals. Soaking the prickly leaves of the 

plant in water during the wintertime renders them suitable for animal feed 

(Kargıoğlu et al., 2008; Özüdoğru et al., 2011; Amiri et al., 2020). The leaflet 

https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-trojanus/41962-i%CC%87zmir.html
https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-trojanus/41962-i%CC%87zmir.html
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at the tip of the leaf stalk is in the shape of a thorn. Therefore, it is difficult for 

animals to graze on it, but goats prefer it (Figure 2). 

 

Krzysztof Ziarnek, Kenraiz, CC BY-SA 4.0, 

http://commons.wikimedia.org/w/index.php?curid=75387012 

 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:476350-1 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:476350-1
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https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-

geven/astragalus-brachypterus/13011-haymana-ankara.html 

 

https://twitter.com/antalyafestival/status/1303299523104694273 

https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-brachypterus/13011-haymana-ankara.html
https://turkiyebitkileri.com/en/photo-gallery/fabaceae-baklagiller/astragalus-geven/astragalus-brachypterus/13011-haymana-ankara.html
https://twitter.com/antalyafestival/status/1303299523104694273
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http://www.vanherbaryum.yyu.edu.tr/flora/famgenustur/fab/astragalus/comp/index.ht

m 

 

https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogId=jdchol&log

No=220116554088&view=img_6 

http://www.vanherbaryum.yyu.edu.tr/flora/famgenustur/fab/astragalus/comp/index.htm
http://www.vanherbaryum.yyu.edu.tr/flora/famgenustur/fab/astragalus/comp/index.htm
https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogId=jdchol&logNo=220116554088&view=img_6
https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogId=jdchol&logNo=220116554088&view=img_6
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https://antropocene.it/en/2023/01/09/astragalus-propinquus-2/ 

Figure 2. Astragalus species used in animal feeding with locally different 

applications. 

Although the Astragalus genus contains approximately 3000 species, 

only Astragalus cicer is viable as a nutrition source (Açıkgöz, 2021). This 

perennial plant is suitable as sustenance due to its extended lifecycle, resistance 

to frigid temperatures, and absence of bloading. This plant occurs naturally 

between the Caucasus and southern Spain. Under ideal conditions—rich soil 

and a favorable climate—it could attain a height of three meters. One meter is 

the maximum depth of its roots. Clustering of plants is possible due to the 

production of rhizomes. Occasionally, the cluster may attain a dimension of 

120 cm (Figure 3).  

https://antropocene.it/en/2023/01/09/astragalus-propinquus-2/
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https://en.wikipedia.org/wiki/Astragalus_cicer#/media/File:Astragalus_cicer1.jpg 

Figure 3. The species of Astragalus used as a forage plant. 

The flattened, coarse stems sag toward the earth. Depending on the 

conditions, the dry matter yield can range from 500 to 1000 kg/ha, which is 

significantly lower than that of alfalfa. The average protein content is 20% and 

the rate of digestion is 70% (Açıkgöz, 2021). In addition to being a forage crop, 

it can be utilized in grazing systems because it does not induce bloating in 

animals. Due to the fact that the majority of its growth takes place during the 

summer, it is presently utilized more frequently in pasture regions. Despite this, 

it is a species that is not cultivated frequently in our country.  

Astragalus species contain toxic compounds that can cause poisoning 

when consumed above a certain level. Therefore, consumption in its green state 

is not advisable. Astragalus species are among the plants that accumulate 

selenium, which promotes growth (Gökkuş and Saygı, 2004). While selenium 

is a necessary nutrient for Astragalus species, it can be toxic for animals that 

consume selenium-rich plants excessively (Altın et al., 2021). However, when 

https://en.wikipedia.org/wiki/Astragalus_cicer#/media/File:Astragalus_cicer1.jpg
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dried, its toxicity diminishes (Gökkuş et al., 2011). Among the A. cicer, it is a 

species that does not exhibit toxic properties.  

In conclusion, species of Astragalus, despite not being widely used as 

forage or fodder, are valuable for preventing erosion in areas at risk. However, 

some species can still be utilized by animals to a limited extent. These species 

are more important for ecosystem vitality, presence, and continuity. Therefore, 

they are species that need to be extensively studied for various purposes. 
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1. INTRODUCTION 

They are ensuring that lambs survive after birth and develop until 

weaning age is very important for livestock farms that produce both milk and 

meat (Caroprese, 2008). In farms where sheep milk is sold at high prices, 

increasing the amount of milk marketed has made it necessary to artificially 

grow some milk (Cristobal Carballo et al. 2019). In sheep farms that produce 

milk and meat together to increase the profits of sheep-goat farms and to meet 

market and consumer-based expectations regarding animal welfare, keeping 

lambs whose mothers have died or whose mother's milk is not sufficient until 

the weaning or marketing age is a difficult and tiring task for the farm. In New 

Zealand, one of the countries where sheep farming is intensive, pasture-based 

sheep production systems offer a lower-cost production system to produce high-

quality food for human consumption (Mc et al. 2019). Globally, dairy sheep 

and many mutton production systems use highly intensive feed inputs, with 

flock sizes of less than five hundred head in most of these production systems. 

Therefore, widely applied artificial rearing systems have been developed to 

accommodate existing herd management systems, rather than where animals 

are grazed largely on pasture. The viability of the lamb is closely related to the 

condition of the ewe in different physiological periods as well as in the 

reproductive cycle. In herd management, it can be affected at different levels 

by the practical breeding work to be done on the animals (Binns et al. 2002). In 

other words, it is recommended that ewes with poor body condition be given 

additional feeding before mating, planned mating to prevent unnecessary harsh 

environmental conditions at birth, appropriate shelter with good hygiene during 

lambing, and monitoring and support of weak lambs. All of these are practices 

to increase the survival of lambs (Tibbo et al. 2001, 2003; Holmøy and Waage, 

2015). 

Reducing feed and labour costs without compromising the growth, 

health and welfare of lambs before and after weaning contributes significantly 
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to the profitability of lamb-rearing systems. In many countries, research 

conducted by the public for this purpose is also supported and the results are 

put into practice (Everett-Hincks and Dodds, 2008). In countries where sheep 

meat is prominent, such as Australia and New Zealand, many programs are 

being carried out to develop and support dairy sheep farming (Fridlund et al. 

2013). With the help of these programs, stakeholders are provided with 

information regarding production systems, various lamb-rearing systems using 

natural and artificial breeding, and the aforementioned methods. Lamb rearing 

programs affect the cost of raising female and male lambs and enable several 

different rearing systems to be implemented in commercial environments. For 

example, in New Zealand, due to the seasonal structure of the current 

production systems in sheep breeding, it is aimed to establish small or large-

scale breeding farms in which 3-4 lambs can be raised by one producer each 

year in a short time. This situation conflicts with some sheep production 

systems. There are also opportunities to practice early weaning in naturally 

reared lambs on a smaller pasture (>250 sheep) to increase commercial milk 

production before the lambs' postnatal survival and development decline 

(Fthenakis et al. 2012). In the studies to be carried out on this subject, the rapid 

resolution of possible problems encountered during the process of raising the 

offspring will increase the survival rate of the lambs and will reduce the costs 

of raising the offspring proportionally, albeit relatively. In this article; is to 

provide an overview of the best practice information available for successful 

lamb farming. Although the paper is especially based on dairy sheep 

production, the information produced will also be useful for producing sheep 

meat, especially for systems for raising lambs whose dams have died or are 

orphaned. 
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2. WHICH RAISING METHOD SHOULD BE USED IN THE 

SHEEP FARM? 

In sheep farming, deciding what the production system should be is 

very difficult due to many factors. For example, decisions to be made for a 

newly established dairy sheep farm may affect the working system even in 

some works performed without an additional task, such as raising lambs. The 

breeding method to be applied is not an approach suitable for everyone, and 

sometimes the capital of the farm is not enough (McHugh et al. 2016). The 

economic pros and cons of cost, stress of the work, and risk also play an 

important role in the decision. Another important issue is that the physical 

infrastructure and workforce requirements of the farm should also be taken into 

consideration (Figure 1). 

 

Figure 1. Points to consider when deciding on the lamb-rearing method 

Source: McCoard et al. 2019;  Stevens et al. 2017 

 

If the farm is based solely on milk production; 

a. How much milk income will be lost if natural rearing is 

implemented? What will be the benefit: cost value in case of milk loss due to 

natural rearing and if this milk is sold commercially? Could switching to 

artificial rearing be more profitable for the farm? 

b. What is the cost to the farm of giving up natural growth? 
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c. How long should the lambs stay with the mother? The current 

industry-rearing model for reducing teat damage is nearly 30 days, but the 

optimum duration in pasture-based systems has not yet been determined. 

d. How meaningful is it to reduce density in a lamb breeding facility by 

marketing only single-born or all-male lambs to leading breeders? This 

approach is an option to reduce stress and/or alleviate the incidence of disease 

in  farms. 

e. How keen is the sheep producer to avoid the potential stress 

associated with raising lambs? There may also be breeders who want to give up 

dairy farming and engage in dairy sheep breeding and therefore have little 

experience. 

f. Do lambs reared with their dams get a better start in life and have 

better lifelong performance? If so, how much importance is given to this? 

g. What are the advantages and disadvantages of a mixed system, in 

which single and triplets are reared artificially, while twins and the rest are 

raised naturally and weaned after a suckling period of about 30 days? This 

practice reduces the number of lambs to be raised and ensures that fewer sheep 

are accustomed to the milking platform earlier. 

If the farm is combined efficiency-oriented, it may be answers to 

some questions. These questions are respectively; 

• What is the economic value of weaned lambs? 

• Does the breeder have the capacity to graze and market the lambs, or 

do they need to be sold to the slaughterhouse? 

• What is the cost of ewes that are milked early to avoid drying out 

after losing their lambs? 

• Finally, how much does the consumer value natural farming? 

Since there are great differences between the production systems of 

farms and consumer demands, there are different approaches to this issue. An 

example of the decision tree approach is given with the idea that it may help in 
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deciding which production and breeding system to use on the farm (Figure 2). 

This study example may provide some information on how to decide on the 

right augmentation system for the purposes (Gebretensay et al. 2019).  

 

Figure 2. Decision tree to be applied in raising offspring 

Source: McCoard et al. 2020 

 

2.1. Determination of Pregnancy 

Lamb survival is affected by many factors such as farm conditions, 

breed, nutrition and herd management. For sustainable production, it is very 

important to obtain the lambs to the marketing age without mortality. In this 



A VIEW OF AGRICULTURE FROM AN ACADEMIC PERSPECTIVE | 208 

 

case, nutrition is the most critical parameter to realize the potential. Pregnancy 

control is a valuable tool for nutritional management and it is useful to know 

some of the recommendations mentioned (Genfor et al. 2023). The first of these 

is that reformed or unproductive animals in the farm must be identified 

individually to reduce feed and labour inputs. To make annual feed planning, 

the total number of lambs and therefore the nutritional requirements and all the 

details of the feed planning, including the number of lambs carried by each ewe, 

should be determined. Nutrient requirements should be calculated according to 

the number of fetuses. During the last two months of pregnancy, nutrient 

requirements are 50% higher in triplet-bearing ewes and 20% higher in twin-

bearing ewes compared to single-bearing ewes. During the suckling period, the 

sheep nutritional requirements increase. Separation of birth groups and feeding 

according to the pregnancy period should be well planned to increase the 

pregnancy rate and when the sheep will give birth, to use feed resources 

strategically and efficiently, that is, to provide the right feed to the right animals 

at the appropriate time. 

2.2. Body Condition Scoring 

The body condition score is used to evaluate the effectiveness of the 

herd management system applied in the farm. In addition, scoring is easy and 

provides important information to the farm owner in making annual feed 

planning (Taşkın et al. 2005). The general condition of the body, a function of 

the muscle (red) and fat mass (yellow) of the animal (Figure 3), reflects the 

level of nutrition and welfare. Inadequate or unbalanced nutrition, 

physiological conditions and health problems negatively affect the body 

condition score of the sheep. As a result, the animal's welfare and health decline 

due to poor body condition scores. 
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Figure 3. Body condition scoreing and its application in sheep 

Source: McCoard et al. 2020; 

https://www.fas.scot/livestock/sheep/condition-scoring-for-sheep/ 

 

Efforts should be made to maintain good body condition scores in sheep 

throughout the year. In other words, the animal should have a body condition 

score ranging from three to four. Maintaining the nutritional requirements of 

the sheep and improving the use of feed at the right place, time and animal 

should be the basis. If live weight in sheep is not determined regularly and 

changes in live weight cannot be monitored individually over time, BCS is not 

a good indicator for feeding management in that farm. A small but fat sheep can 

have a similar live weight as a larger but thin sheep (Tozlu Çelik et al. 2023). 

Body condition scoring when sheep do not have a small body covering like 

wool is very risky due to the high margin of error. The best approach is to 

physically determine the body condition score through palpation. It should be 

done before mating to determine which ewes need additional feeding before 

mating (Taşkın, 2014). Low live weight sheep (condition score below 3) should 

be given additional feed and then their body condition should be re-evaluated. 

This is only worse when there is insufficient pasture to meet the nutrient 
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requirements of the animals. To increase the body condition and survival of the 

lambs, a supplementary feed rich in grain will be beneficial. 

Body condition scoring (BCS) should be performed to monitor live 

weight changes in animals and to identify sheep with poor body condition in 

advance. While this scoring is being done, a feeding plan should also be 

developed to maintain body condition. Loss of body condition in the late period 

of pregnancy (last 4-6 weeks) negatively affects the viability and pre-weaning 

growth rates of lambs, even in ewes in good condition. A one-unit change in 

body condition score (e.g., a decrease from 4 to 3) during the specified period 

of pregnancy can increase lamb mortality by 8% in singletons and twins, 15% 

in triplets, and 20% in quadruplets. In older sheep ( > 5 years old) these effects 

are relatively greater. Therefore, regardless of the body condition of the sheep, 

the important thing is to develop a new feeding program to prevent further 

condition loss. Because even for sheep in good condition, what is dangerous is 

not only the condition score but also the loss of condition. If there are sheep 

with a condition score between 2-2.5, they should be helped to maintain or 

improve their condition, preferably by feeding them. To prevent condition 

losses, good care should be provided to sheep with a condition score of 3 and 

above (Bates et al. 2022). Since this is a welfare problem for sheep with a 

condition score of 1, the animals should be intervened and the necessary 

improvement should be made as soon as possible. 

2.3. Pregnancy Nutrition and Herd Management in Sheep 

The nutritional requirements of sheep means, in other words, that the 

animals start lactation with a better body condition after birth. Another 

important point is that good nutrition of the dams also means that the offspring 

have a high live weight and survival rate (Goddard et al. 2006). As pregnancy 

progresses, the mother's nutritional requirements increase, especially in the last 

six weeks before lambing (Figure 4). In this case, the feed given to the dams 

should never be reduced for the development of the fetus. A restriction in 
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feeding during the last six weeks of pregnancy, especially in sheep giving birth 

to multiples, may negatively affect some of the following characteristics; 

a. Fetal development: Since the development of offspring is not high 

in undernourished pregnant sheep, this results in low birth weight in the 

offspring. 

b. Viability in lambs: This feature affects the time spent for birth, 

allows the offspring to stand up and suckle their mother as soon as possible, 

and delays the formation of the bond between sheep and offspring. 

c. Regulation of body temperature: Since brown fat tissue is low due 

to malnutrition, especially in newborn lambs, the mechanism of regulating body 

temperature is not sufficient. In such a case, the lamb's chance of survival is 

only 50% with the special fatty tissue that accumulates under the skin during 

pregnancy. 

d. Sheep colostrum and milk production: Inadequate nutrition of the 

dam during pregnancy negatively affects both the quantity and quality of 

colostrum. 

e. As the number of offspring at birth increases, the nutritional 

requirements of the mothers also increase. 

f.Animal health: Disruptions that may occur due to poor herd 

management in the farm should be prevented and all necessary vaccinations 

should be made before lambing. 

g. When feeding based on pasture, sheep's relevant vaccinations and 

vitamin and trace mineral requirements must be met. 

h. Particular attention should be paid to good nutrition and feeding 

during pregnancy and lactation period to ensure increased viability and growth 

of lambs as well as the continued reproductive performance of ewes. 



A VIEW OF AGRICULTURE FROM AN ACADEMIC PERSPECTIVE | 212 

 

k. Sheep should not be grazed in areas with vegetation of 1500 kg dry 

matter per hectare, especially in the last one or one and a half weeks of 

pregnancy, and the ration should contain 15-18% crude protein. 

 

Figure 4. Changes in gestation period, birth type and nutritional needs in sheep 

Source: https://pubs.nmsu.edu/_circulars/CR685/index.html 

Source: https://www.rumenco.co.uk/sites/default/files/screenshot_2020-11-

05_at_10.06.50.png 

 

2.4. Regulation of Body Temperature in Lambs 

Lamb deaths cause significant income loss to farms and ranches. 

Although lamb deaths occur anywhere from birth to weaning, the largest lamb 

deaths occur in the first few days of life. This ability to survive is multifaceted, 

depending on genetics, behaviour, physiology and environment, and is closely 

linked to the birth weight of lambs. Breers can help minimize lamb losses by 
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optimizing the birth weights of lambs within flocks and breeds. In a sheep 

population, lamb birth weight to lamb survival is a U-shaped distribution, with 

the mean somewhere in the middle. Lambs that fall at either end of the U-

shaped distribution, i.e. those with abnormally low or high birth weights, have 

a higher chance of death. Lambs with low birth weight may be exposed to more 

hunger and adverse environments due to their higher body surface/body mass 

ratio. In addition, since movement decreases in these lambs, the behaviour of 

searching for the sheep’s udder is relatively insufficient. On the other hand, 

higher birth weights, in other words, dystocia, are not a very desirable event. 

This may result in birth injuries, decreased viability of the lamb at birth, and 

sometimes death. Although it increases the risk of dystocia in high birth weight 

lambs, multiple births in ewes with high fertility, abnormal birth arrivals in 

smaller lambs and longer birth time may be the primary problems. 

 

Figure 5. Variation of viability in lambs according to birth weight 

Source: https://www.zoetis.com.au/livestock-solutions/sheep/maximise-lamb-

productivity/lamb-survival.aspx 

https://extension.sdstate.edu/lamb-birth-weights-relation-lamb-survivability 

 

Normal body temperature in lambs is 39°C. A value of 37-39°C 

indicates mild to moderate hypothermia, and if the thermometer reads below 

37°C, the lamb is said to be significantly hypothermic (McDowall et al. 2011). 

https://extension.sdstate.edu/lamb-birth-weights-relation-lamb-survivability
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Hypothermia treatment should vary depending on the age and body temperature 

of the affected lamb. Viability in lambs is related to rectal temperature at birth. 

This requires focusing on the relationship between sexual maturity, postnatal 

behaviour and body temperature regulation mechanisms (Jensen et al. 2017). It 

is used to experimentally induce mild hypothermia in lambs after birth, through 

a controlled water bath test. This test first determines the time it takes for the 

body temperature to reach 35°C and the time it takes for the body temperature 

to return to 39°C. Lambs that are slow to stand up and reach the udder for the 

first time after birth also have weakened resistance to cold (Plush, 2013). Some 

blood parameters and hormone levels do not correlate with the performance of 

lambs in a warm water bath used to prevent hypothermia. Older lambs 

experienced a delay in recovery from cold compared to lambs with lower vigour 

and maturity, as assessed by the speed at which they performed perinatal 

behaviours and physiological blood measurements. Although it has been 

suggested that this may be due to the decreased ability to regulate body 

temperature without muscle contraction in lambs in the following weeks, unlike 

newborns, many studies need to be conducted on this subject. In production 

systems in countries where sheep farming is extensive or pasture-based, most 

lambs may die within the first 3 days after birth (Everett-Hinks and Dodds, 

2008). The most important cause of lamb deaths is hypothermia, especially in 

adverse weather conditions. A dangerous drop in body temperature that occurs 

when newborn puppies lose more body heat quickly than they can produce is 

called hypothermia. Many environmental reasons, such as the inability to 

produce colostrum in sheep, the mother not adopting her offspring, and low 

birth weight, negatively affect the viability of lambs (Koyuncu et al. 2018). To 

summarize, sheep regulate their body temperature in four different ways. These 

are respectively; 
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Wool: The thick fleece layer on the sheep's body acts as an insulating 

layer, keeping it warm in cold weather and helping to prevent heat loss from 

the body. 

Sweat glands: Sheep have sweat glands in their skin that help cool the 

body by evaporating and removing excess heat. 

Respiratory system: Sheep regulate their body temperature through 

the respiratory system by panting, which helps release heat from their bodies. 

Behavior: Sheep do this through behaviours such as looking for shade 

or cool places to cool off in hot weather, and huddling together to maintain body 

temperature in cold weather. 

2.5. Vitality in Lambs After Birth 

In the first days following birth, the mortality rate in lambs can reach 

15% and above under poor care and feeding conditions. This issue is not 

emphasized much by some breeders in sheep farming farms in some countries 

and regions. However, when the causes of lamb death are examined; It has been 

determined that factors such as dystocia, hunger and inability to find the mother 

play a major role (Swalha et al. 2007). Among the factors examined, when the 

relative effect of dystocia on offspring mortality is examined, high body 

condition score or excessive fatness in sheep, inappropriate rump width and 

depth, large or heavy lambs; large-bodied lambs; Weak uterine structure, 

resulting in lack of contraction power and insufficient amniotic fluid 

production. This problem can be minimized with herd management decisions 

and correct selection practices in this direction (Figure 6). In Merino lambs, the 

coat of hair that covers or covers the body at birth can vary from fine fibres and 

short, tight curls to a coarse coat dominated by long, coarse protruding halo 

hairs. It consists of primary fibres and some of the secondary fibres before birth 

and is replaced by a hair cover similar to that in pigs after birth, through the 

maturation of the remaining secondary fibres (Ponzoni et al. 1997). Olivier et 
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al. (1994) stated that hairy lambs are practically culled to reduce fibre diameter 

and that the change in fibre diameter as age increases and the condition called 

coarse edge (fibre percentage over 30 µm) (Cloete et al. 2003). It has been 

reported that hair cover shape at birth has a high degree of heritability, ranging 

from 0.65 to 0.70 (Schinckel, 1955; Olivier et al. 1994; Kemper et al. 2003). 

These researchers also reported that the relationship between wool and other 

properties was moderately positive and negative. Ponzoni et al. (1997) 

concluded that fleece fibre type at birth is limited as an early selection criterion 

in Australian Merino sheep, despite the high heritabilities reported in the 

literature. Kemper et al. (2003) stated that the decrease in fibre diameter would 

also lead to a decrease in the birth coat score in fine-wool Merinos (Table 1). 

 

Figure 6. Dystocia in sheep and its causes 

Source: Jakobson ve ark. 2020 
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Table 1. Scoring of the hair covering the body in newborn lambs 

Hair score at 

birth 

Explanation 

1 When the lamb is lifted into the air and held up to the light, the lower 

hairs are not visible. Hair fibres are visible, group-shaped, and have a 

short wavy structure. 

2 There are no underhairs even when the lamb is on the ground. When 

the lamb is held up in the air and held up to the light, some under hairs 

can be seen. 

3 The few underhairs can be seen when the lamb is on the ground. The 

dominant hair in the lamb's appearance is short and wavy. 

4 The lower hairs are quite visible. It is short, wavy, distinct and easily 

visible 

5 There are many lower bristles. Its short and wavy structure can be 

noticed among the long hairs. 

6 No short hairs. Wavy fibres can be seen. There are only long straight 

hairs 

7 There are no visible wavy hairs. There are only very long hairs. When 

viewed from the outside, it resembles dog hair. 

Source: McDowall et al. 2011 

 

Pregnancy is an important period to contribute to the success of lambs 

in terms of postnatal viability. It is very important to know dystocia better 

externally or to be able to identify possible animals. For this aim, animals in the 

herd should be handled individually and treated accordingly (Bancheva et al. 

2022). Although feeding is more important in sheep giving birth to twins, the 

metabolic status of the animals must be determined in case of limited feeding. 

For this reason, the period when the risk of lamb death is highest is the period 

close to birth, and therefore, it may be a more appropriate approach to focus on 

weaning success, which is even more affected by the environment. The features 

to be discussed by looking at the external or morphological structure of the 

animals are as follows; It should include some behavioral measurements such 
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as live weight, body measurements, rectal temperature, blood sugar and latency 

of bleating in the offspring, as well as new measurements such as postnatal 

movement activity in lambs. Lamb deaths should be minimized with pre-and 

post-natal practices in the farm (Kandemir et al. 2015). 

Lamb mortalities and their causes are briefly summarized below. These 

are respectively; 

a. Not being able to find the mother after birth: Lambs lost during 

pregnancy and the ewes being left alone at lambing time also play an important 

role in this. 

b. Loss of offspring occurring in the last months of pregnancy: This 

may be caused by bacterial or viral abortions. 

c. Stillbirths: Lambs that are stillborn despite completing the gestation 

period are included in this group. 

d. Deaths occurring in the first 48 hours: Although lambs are born 

alive, the babies may die due to poor birth chambers, lack of umbilical cord 

cleaning, hunger and other factors. 

e. Deaths occurring within two days and later: Colostrum and its 

quality, as well as the growth management applied, have an impact on this rate. 

The causes of lamb deaths are given in Figure 7. 
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Figure 7. Causes of lamb deaths and their percentage distribution 

Source: https://www.nadis.org.uk/disease-a-z/sheep/lambing/lambing-part-4-ensuring-

survival-of-newborn-lambs/ 

 

The causes of lamb death and contributing factors are briefly 

summarized in Table 2. 

 

Table 2. The causes of lamb death and contributing factors 

Factors Basic causes Suggestions 

Low birth 

weight  

Malnutrition 

Exposure to 

cold 

Wild animal 

attack 

Pay attention to pregnancy nutrition (especially in 

case of twins) 

Sheltered lambing pen 

Precautions to prevent wild animal attacks 

Dystocia in large 

lamb 

Birth trauma  Pregnancy feeding (especially single-bearing) 

Taking good care of the animal during birth 

sheepherding 

Genetic selection 

Lack of energy 

in sheep to 

complete birth 

Birth trauma 

Malnutrition 

Adequate nutrition during pregnancy 

Placing feeders in lambing pens 

Abandoning or 

mismothering 

Birth trauma 

Malnutrition 

BCS of ewes at birth 

Do not place feeders in birthing areas 

Sheep selecting  with good maternal characteristics 

https://www.nadis.org.uk/disease-a-z/sheep/lambing/lambing-part-4-ensuring-survival-of-newborn-lambs/
https://www.nadis.org.uk/disease-a-z/sheep/lambing/lambing-part-4-ensuring-survival-of-newborn-lambs/
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Herd size and number of animals to give birth 

Unsufficient 

colostrum 

production 

Malnutrition 

Exposure to 

cold 

Wild animal 

attack 

BCS of ewes at lambing 

Do not place feeders in birthing areas 

Feeding grain to sheep to increase the amount of 

colostrum 

Predators Protecting wild 

animals 

Control of predators 

Advers weather 

conditions 

Exposure to 

cold 

Sheltered lambing pens, 

 Designing of paddocks against prevailing winds 

Source: Trompt, 2014.  

 

An important reason for possible lamb deaths before and immediately 

after birth is related to abortion. Although there are many reasons for abortion, 

this rate should not exceed 2% in the herd. If the abortion rate exceeds 2%, 

action should be taken as soon as possible to solve the problem, and both the 

abortion membranes and the discarded lamb should be sent to a laboratory to 

find out the cause of the problem (Linch and Brien, 2016). Since peri-natal 

behavior in sheep is difficult to measure, intensive observation of sheep at birth 

is necessary. Often attempts are made to measure lamb viability through 

subjective estimates that are not measured directly after birth, but rather at birth. 

For this purpose, first of all, ear fitting should be done within the first 12-36 

hours after birth and birth information should be recorded individually 

(McCoard et al. 2020). Otherwise, since lamb deaths may increase, it is useful 

to know more detailed characteristics aimed at estimating viability or lamb 

survivability (Table 3) (Brien et al. 2010). 
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Table 3. The scoring system is used to subjectively define the strength of the lamb 

during ear tagging. 

Score Description 

0 The lamb is still wet. Newborn, no record 

1 A constant movement. There is bleating behaviour towards the mother. 

There is a behaviour of reaching the mother in a short time and following 

her. 

2 Bleating behaviour is very common. There is constant movement when 

held. Moves towards the host when released 

3 There is less mobility. There is movement towards the mother's voice, but 

there is no contact. Bleating can be observed 

4 There is less mobility. There is the behaviour of trying to walk. But there 

is no specific purpose. There is no response to the mother's bleating 

5 There is less mobility when held. Lying down behaviour is very common 

when a lamb is released. 

Kaynak: Brien ve ark.  2010 

 

It is also necessary to pay attention to the behaviour of the lambs during 

birth and counting. These behaviors; It is the duration of standing, bleating, 

contacting and following the mother and contacting the udder after numbering. 

The age of the dam, the type of birth of the lamb, and the behaviour of the dam 

also affect the postnatal viability or viability of lambs (Everett-Hincks et al. 

2005). Unlike behaviours recorded at birth, behaviours resulting from 

enumeration practice are not affected by birth weight. However, it has been 

determined that these are affected by the structure of the pasture used during 

birth. This may reflect differences in the availability of feed in the environment 

and also the micro-environmental impact that pasture can create (Lynch et al. 

2010)—heritability estimates for these behaviours performed after release from 

enumeration range from 0.09 to 0.16. Once again, it suggests that lamb strength 

has some genetic component (Matheson et al. 2011). However, there is little 
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point in maintaining the viability of lambs unless a clear relationship to survival 

can be established. 

2.6. Relationships Between Vitality and Viability in Postnatal 

Lambs 

A lamb's ability to stand up and nurse its mother immediately after birth 

affects its viability. Many studies have demonstrated this relationship between 

behaviour and survival, highlighting the importance of birth weight and the 

strength of the parent-offspring relationship at birth. A study showed that a large 

proportion of lambs that were unable to contact the udder or that took longer 

than average to do so died (Napolitano et al. 2008). Although the researchers 

did not show a direct relationship between the duration of standing or suckling 

attempts in lambs and viability, this was revealed in subsequent studies. A 

reduction in the latency to perform key behaviours has been shown to lead to 

increased survival rates (Nieper et al. 2017). It was also determined that lambs 

that died within three days after birth showed a delay in the time to reach the 

knees, attempt to stand up, stand and reach the udder, compared to lambs that 

survived in the same period (Dwyer et al., 2008). Study results reveal that the 

relationship between postnatal behaviour and viability is not linear but 

threshold. Lambs that fail to reach this threshold are at greater risk of mortality, 

and lambs that exceed it survive, but higher survival is not observed in lambs 

that show more rapid behavioural progression once above this threshold. 

While the importance of studies examining the phenotypic relationships 

between the behaviour and viability of newborn lambs is emphasized, there is 

limited research on genetic relationships. Published research on perinatal lamb 

behaviour has not examined correlations between behaviour and survival but 

has instead compared both maternal and direct breeding values for behavioural 

traits between death and survive lambs (Cloete et al., 2009). In this analysis, it 

was determined that deceased lambs exhibited higher reproductive values than 

surviving lambs in terms of birth time, time from birth to standing, and time 
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from standing to suckling. Indirect estimates of lamb viability have also been 

shown to be genetically linked to survival. Subjective lamb vitality score has 

been shown to show a low but positive genetic correlation with survival, 

although standard errors are high (-0.26) (Brien et al. 2010). To summarize, 

immediately after birth, before the first feeding, the lamb produces heat by 

burning brown fat. Brown fat is a specialized fat reservoir used to generate 50% 

of the total heat generated, supporting adaptation to the cold challenge of the 

extrauterine environment and helping to prevent hypothermia. During cold 

exposure, the lamb loses heat rapidly (McCoard et al. 2019). Brown fat stores 

form in the mid-to-late period of pregnancy and decrease with inadequate 

nutrition of sheep, so it is important to meet the feed requirements of sheep. 

The decrease in the amount of brown fat prevents hypothermia, as it shortens 

this period when newborn lambs use brown fat tissue to maintain body 

temperature (McCoard et al. 2020). 

2.7 Udder Health in Sheep 

Udder health is an often overlooked feature in terms of the viability of 

lambs and their good performance in later life periods. The viability of lambs 

depends mainly on the colostrum they receive/drink from the mother in the first 

few days following birth. For this reason, udder health of the mother becomes 

more important, especially in dairy-type farms (Richmond et al. 2017). Quality 

colostrum is needed to ensure the survival and development of the lamb. This 

is closely related to udder health and animal welfare in sheep. Achieving this 

condition is possible with nutrition, which is an important environmental factor. 

In other words, the protein content of the feed given to dams should be 16-18%.  

Because protein insufficient nutrition in advanced pregnancy may cause a 

decrease or delay in colostrum production. The mucous structure on the teat 

may need to be removed at birth so that the lamb can access the colostrum. This 

mucous plug within the teat ducts prevents colostrum from flowing out or 

bacteria from entering the teat. In case of mastitis or insufficient milk in sheep 



A VIEW OF AGRICULTURE FROM AN ACADEMIC PERSPECTIVE | 224 

 

for any reason, it may be necessary to give lamb colostrum first and then milk. 

Mastitis and other problems such as pregnancy toxaemia, nipple lesions and 

retained fetal membranes can negatively affect milk production (Stevens et al. 

2017a). The risk of mastitis is affected by environmental conditions, including 

infective microorganisms. The most common of these negative factors are; 

Staphylococcus aureus, Mannheimia haemolytica, Coagulase-negative 

staphylococci, Pasturella spp., Escherichia coli and Klebsiella. Other 

environmental factors are the age of the ewe, the structure of the feed given, the 

number of suckling lambs and udder characteristics. Mastitis can lead to clinical 

and subclinical conditions that cause excruciating pain in sheep. To improve 

lambs' access to the teats, ewes that should be avoided should be selected for 

breeding. In other words, ewes with drooping udder structures resulting from 

damage to the lateral and/or medial suspensory ligaments, such that the teats 

hang close to the ground, should be separated as non-breeding. Damage to the 

udder or teats (bruising, tearing) is more likely to develop mastitis, and it may 

be difficult for lambs to suckle their dams. Large or have downward-pointing 

teats may prevent the lamb from reaching the teat (Stewens et al. 2017b). 

2.8. Possible Diseases and Problems Encountered in Lambs 

Lambs may need a veterinarian after lambing for many reasons (Taşkın 

et al. 2015). Some common diseases/conditions that are seen in bad condition 

of a lamb that refuses to suckle from its mother or is not accepted by its mother 

are given below: 

Discharge/Diarrhea – This is the most common problem we see and can 

be broadly divided into nutritional and infectious. The vast majority are 

nutritious and usually easy to fix. You need to consult a veterinarian to get the 

best advice. 

Belly and Joint Disease: Bacteria can enter the bloodstream through the 

wet navel, often causing belly button infection or joint disease/infection. If the 
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lamb looks lame and moves slowly or holds one limb up, it may have a joint 

disorder. Both are treated with a course of antibiotics and it is important to 

address them promptly. 

Eyes - eyes should be open and clean. If there is discharge, squinting or 

discolouration, contact your veterinarian. Problems may include entropion 

(eyelids turning into eyes and eyelashes scratching the cornea), pinkeye, or 

conjunctivitis. 

Abomasal Bloat – This is the biggest cause of death among artificially 

reared lambs, usually from 3-4 weeks of age. Acute bloating occurs 

approximately 1-2 hours after large amounts (>500 ml) of milk replacer are 

given to lambs, and this is caused by irregular feed consumption. Symptoms of 

this include acute depression, swollen and tense abdomen, pain (colic) and if 

the lambs are left untreated death is rapid. This should be taken to a veterinarian 

as soon as possible as it can be a life-threatening situation. The best way to 

prevent bloat is to feed little and often, using a whey-based milk replacer or 

yoghurt milk replacer. 

3. SUITABLE ENVIRONMENT and HOUSING for LAMB 

RAISING 

Mammals have a set of behavioural and physiological mechanisms that 

allow them to adapt to various situations to maintain body temperature between 

certain values to survive. Lambs are particularly vulnerable to environmental 

factors that can affect their survival, health and welfare, especially in the first 

few weeks of life (Figure 8). Richmond et al. Some of the welfare criteria and 

indicators associated with the “Good Environment” well-being principle as 

defined by (2017) are given in Table 3. These may be positive animal-based 

welfare measures of the quality of the environment provided to the lambs 

during rearing. 
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Figure 8. Pens with plastic grates (left) and straw mat system (right). 

Source: https://www.mdpi.com/2073-4395/9/11/694 

 

Table 3. Relationship between environment and welfare in lambs 

Welfare Parameters Welfare Indicator 

Well-being/comfort in the 

recreation area 

Lying down time 

Number of beds per unit of time 

Skin pollution 

Thermal welfare Respiratory rate 

Shake 

Rectal temperature 

Hematocrit, plasma protein level in blood or 

urine 

ease of movement Placement frequency 

The slipperiness of the ground 

Aggression and displacement 

Excessive growth of nails 

Source - Richmond et al. 2017.  

 

There are general principles that must be taken into consideration for a 

good lamb-raising facility. First of all, the environment must be clean, dry, 

warm, well-ventilated and free of airflow and dust. Air quality inside the shelter 

is very important. The housing conditions of  the lambs live should be checked 

by getting down on your hands and knees, especially in the lambing pen, at 

lamb level, that is, in the pen. It is necessary to avoid housing or keeping too 
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many lambs in the pen. Lambs should be grouped by age and/or feeding ability. 

Group pens require at least 0.5-0.6 m2 of space per lamb (DEFRA, 2003). For 

lambs up to the 12th week, these standards may even be slightly larger. Floor 

space per lamb may need to increase over time depending on housing duration. 

It has shown that providing 0.9 m2 of space per lamb in the first three weeks of 

rearing is associated with improved growth and health compared to 0.5 m2. 

Based on experience in commercial breeding units, small groups (10-15 lambs) 

are recommended for the first 2-3 weeks of rearing to reduce competition at the 

dairy feeder, support training to feeders and facilitate lamb handling. After 

animal health checks are carried out, the stocking rate can be increased after 3 

weeks. 

4. COLOSTRUM FEEDING 

Good nutrition is one of the easiest strategies to support the health, 

production and welfare of lambs. It is important to remember that the growth 

performance and health of lambs will be affected by many factors other than 

the amount of milk or milk replacer offered (Novak and Poindron, 2006). Such 

factors are respectively; These can be listed as race, birth type (single, twin, 

triplets, etc.), quality of the ingredients used in milk replacer formulations, 

feeding frequency, animal health problems, settlement frequency, amount and 

quality of starter feeds (solid feeds) and environment. Nutrition provides the 

nutrients necessary for growth and development and is an important 

determinant of the response of the immune system to adverse environmental 

conditions (Table 4). Malnutrition can have lifelong negative consequences for 

health, productivity and well-being. 
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Table 4. Welfare measures depending on nutrition 

Welfare characteristic Welfare parameters Welfare indicators 

 Not hungry for a long 

time 

Body condition score 

Survivability for lambs 

Good nutrition Not thirsty for a long time  Skin patch test 

Blood and urine sample 

Water drinking 

Kaynak: Richmondve ark. 2017 

3 critical periods affect the immune system in newborn ruminants in the 

first 3 months of life: These are respectively; a. Feeding with colostrum, b. Milk 

feeding, etc. It is weaning. Colostrum is the first milk produced by sheep and 

contains high levels of nutrients, bioactive substances, energy and 

immunoglobulins that play an important role in defence against external 

pathogens (Swalha et al. 2007). Lambs must receive adequate amounts of 

colostrum in the first few days of life. This is because lambs are born without 

natural immunity. After all, the ruminant placenta blocks the transfer of 

immunoglobulins from the dam to the fetus. These immunoglobulins do not 

occur until the lambs' immune systems are fully functional, which is about 3-4 

months old. As the time after lambing increases, the amount of immunoglobulin 

and nutrient concentration in colostrum decreases relatively, and the lamb's 

intestine loses its ability to absorb immunoglobulins from colostrum on the first 

day of life. Therefore, the lamb should consume sufficient colostrum 

immediately after birth. Inadequate neonatal absorption of immunoglobulins on 

the first day of life is associated with failure of passive transfer of immunity. 

This can lead to increased mortality and lasting negative effects on 

performance. Higher mortality and morbidity rates have been observed in 

colostrum-deprived lambs (up to 80%) compared to colostrum-fed lambs (up 

to 20%) 
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Figure 9. Change in immunoglobulins during colostrum feeding 

Source: https://ahdb.org.uk/knowledge-library/using-a-brix-refractometer 

https://projectblue.blob.core.windows.net/media/Default/Dairy/Graph%20showing%20effect%

20of%20time%20of%20first%20colostrum%20feed%20on%20antibody.jpg 

 

Data obtained in research to date show that the transport of immune 

substances in colostrum is at a good level when lambs stay with their mothers 

for at least 48 hours. Lambs need to get enough colostrum early (within 6-8 

hours after birth). Colostrual milk must be of high quality and must be given 

for at least 2 days, preferably 3-4 days. If lambs receive colostrum from the 

mother at birth, feeding with colostrum on day 1 and then a gradual transition 

from colostrum to normal milk is mandatory (Figure 9). If artificial growth is 

necessary, colostrum at the rate of 15% of the birth weight is given to the 

https://ahdb.org.uk/knowledge-library/using-a-brix-refractometer
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animals during the day, divided into 5-6 meals for the first few days. The quality 

of colostrum will decrease significantly within 24 hours, even if stored in the 

refrigerator. Therefore, to achieve the best results in terms of quality, priority 

should be given to giving the freshest colostrum to the youngest lambs (Canto 

et al. 2023). Experience in the dairy sheep industry shows that sows often 

contain very thick colostrum on day 1 of lactation, which can be difficult for 

lambs to wean. Therefore, extra care needs to be taken. It is important to 

remember that competition for teats between multiples or poor maternal ability 

can affect the ability of lambs to obtain adequate colostrum. It may be necessary 

to carefully check newborns for signs of hunger and, if necessary, bottle-feed 

the lambs. 

4.1. Which Milk Replacer Should Be Used? 

There is a wide variety of lamb milk substitutes commercially available. 

These vary in quality and price. The high cost of milk proteins leads to the 

development of cheaper lamb milk replacer formulations. These formulations 

use whey proteins or vegetable proteins and fats as cheaper alternatives to 

casein milk proteins and milk fat (Figure 10). Spray-dried milk proteins are 

recommended for the formulation of milk replacers. Some research trials have 

suggested that non-dairy protein sources such as soy protein can be used, but 

high inclusion rates (up to 40%) may suppress growth, and discretionary 

feeding should be avoided due to sedimentation issues with inclusion rates 

above 30%. Soybean concentrate or full-fat soy flour. Most published studies 

evaluating the effects of lamb milk substitute protein sources on lamb 

performance are over 30 years old and have focused on soybean protein. The 

inclusion of hydrolyzed wheat protein as a cheaper alternative to soy protein is 

not common in commercially available milk replacers. 
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Figure 10. An example of feeding lambs with milk replacer 

Source: https://www.fwi.co.uk/livestock/livestock-feed-nutrition/6-things-to-consider-when-

feeding-lambs-milk-replacer 

 

There are six important issues to consider when raising lambs with milk 

replacer. These are as follows: 

a. Should you use skim milk or whey-based powders? 

Whether the milk replacer is skim or whey-based, high levels of animal 

protein are important. 

b. What should be considered on the product label? 

Ingredients are listed by inclusion, with the main ingredient listed at the 

top. In most lamb milk substitutes, whey is at the top of the list, with skim being 

the second most dominant ingredient. We can say that "milk protein is necessary 

for muscle growth; the higher the percentage, the faster the growth time - and 

fat is the source of energy and gives the lamb the ability to build muscle." Crude 

fibre should be as low as possible; Ideally, it should not be higher than 0.05%. 

A percentage higher than 0.15% is indicative of a product containing vegetable 

protein that is less digestible for young ruminants than animal protein. "It would 

not be right to feed the lambs with a cheap milk replacer. This is because the 

lambs will not be able to get enough nutrients and energy, so they will not 

develop sufficiently and a lower carcass weight will be achieved. 
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c. What should be the feeding rate from weaning to weaning? 

For feeding to be done four times, there should be between 1-1.5 litres of 

feed per day - the upper limit of 1.5 litres. However, substitute feed should not 

be given until the lamb is one week old. Feeding a large number of meals 

(number of meals) during the day reduces the risk of bloat in animals; It is 

recommended to feed as little but frequently as possible. 

4.2. Does Casein-Based Milk Replacer Cause Swelling in the 

Abomasum? 

One of the health problems commonly observed in artificial lamb-rearing 

systems is abomasal bloating. Anecdotally, claims have been made that casein-

heavy milk replacer formulations cause bloating in both small- and large-scale 

growing systems. The potential cause is thought to be the lack of clot formation. 

It prevents bloating that occurs in whey or vegetable protein-based formulations 

(Banchero et al. 2016). In all other studies conducted as well as in the studies 

described above, no cases of abomasal bloating were observed with any of the 

milk replacers used. This suggests that factors other than the milk replacer 

formulation or protein source likely cause abomasal swelling. Factors that will 

reduce bloat include preventing overfeeding and maintaining good hygiene 

regarding feed preparation. 

4.3. Milk Feeding Equipment 

A wide variety of milk feeders are available. The choice of dairy feeding 

equipment depends on the number of lambs raised, the infrastructure available 

and the choice of feeding system (Figure 11). 
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Figure 11. Some mechanisms for determining motility/vitality in artificial incubation 

in lambs 

Source: Abecia and Canto, 2023b 

 

Some suggestions on the subject are given below; 

a. All feeding equipment should be cleaned regularly to reduce the risk 

of infection and animal health problems. If a bottle or feeding machine is used, 

all equipment used to mix and feed milk should be cleaned with detergent after 

each feeding and rinsed thoroughly before drying. 

b. If automatic feeders are used, they should be cleaned and calibrated at 

least weekly. It is necessary to include the mixing bowl as well as the milk lines 

leading to the teats in the cleaning process, as milk residue can accumulate in 

the lines and provide a perfect environment for pathogens. It is recommended 

to have two sets of milk lines so that the used set can be removed and replaced 

with a clean set. Among changes, Clean lines can be dried and stored or placed 

in a bucket (with a lid) containing a sterilizing solution to keep them clean 

before use. Milk lines should be kept as short as possible. 

c. The area around the teats mounted on the feeding panels needs to be 

kept clean, and the teats themselves need to be cleaned regularly. Nipples 

should be monitored daily for damage and replaced when necessary. 

d. When automatic feeding machines are used, the area around milk 

feeders often becomes dirty with milk. It may be helpful to place a rubber mat 
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or net under the feeding area to ensure drainage and easy feeding. Regular 

cleaning should be done to prevent pathogen formation. 

e. Automatic feeders require teats to be mounted inside pens to allow 

lambs free access to milk. Studies on this subject have found that it is preferable 

to mount teats in a feeding stall where other lambs cannot push them away from 

the teat, compared to mounting teats directly on the side of the pens (Figure 

12). Competition between lambs when feeding from automatic feeders, 

especially when young, can reduce feed intake and growth rates, which can 

impact offspring health. If teats are mounted directly on the side of the pens, it 

is recommended that they be mounted back from the wall of the pen to reduce 

damage to the teats from lambs chewing on the teats and to ensure there are no 

sharp edges as this could cause facial injury to lambs 

 

Figure 12. Some examples of artificial rearing devices in lambs 

4.5. Milk Feeding 

The nutrition of newborn lambs relies entirely on milk to provide the 

nutrients and energy required to support growth and development. Because the 

rumen is dysfunctional at birth, the small intestine plays an important role in 

directing nutrient metabolism, immune function, and therefore survival and 

growth. Lambs must receive sufficient milk. In naturally reared lambs, 

competition between offspring (e.g. triplets and quadruplets) and low lactation 

performance of ewes due to malnutrition and/or animal health problems can 

reduce milk intake (Ünal et al. 2018). In such cases, lambs may need assistance 

with feeding or artificial rearing in the first few days of life. There are many 

different options for milk feeding of artificially raised lambs, from restricted 
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milk feeding to optional milk feeding. Feeding systems with both manual and 

automatic feeding equipment. Discover which system suits your budget, 

facilities, staff availability and skill level of existing staff. 

Practical approaches or applications on the subject are given below, in 

order. These are respectively; 

• Make sure that milk replacer is always freshly prepared and fed to the 

animals. 

• Give warm milk replacer (skin temperature, i.e. not exceeding 37oC), 

especially to very young lambs, as this reduces the need to partition 

energy into heat production. It should be stirred to a consistent 

temperature for each feeding. 

• Always follow the manufacturer's instructions for expressing milk 

replacer and do not mix at levels below recommendations. It is 

important to note that if an instruction states “200 g/L” this means 

200 g of powder totalling 1 L of reconstituted milk replacer. Milk 

replacers can be concentrated (up to 250 g/L) to reduce milk volume 

and increase nutrient delivery to the lamb, especially in limited milk-

feeding systems. 

• Lambs should not be overfed. Maximum 350 ml per feed, depending 

on the size of the lamb. Watch the lamb's stomach and feeding should 

be stopped if the stomach begins to protrude beyond the ribs. 

Overfeeding can cause pet health problems such as diarrhoea and 

bloat. 

Equipment should be thoroughly cleaned and rinsed with warm soapy 

water after each use. 

• Lambs should always be fed standing or with their heads in a natural 

position. 
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• A lamb should not be fed like a human baby while lying on its back. 

This can cause milk to leak into the lungs and cause the lamb to 

develop pneumonia or suffocate. 

• Always ensure ad libitum fresh water is available, even when colostrum 

feeding. 

4.6. A Plan Should Be Made for More Lambs Born After 

Multiple Pregnancy 

If there is a high gestation with multiple triplets, it will be necessary to 

think and make a plan about how to feed these lambs. If the triplets are separated 

and fed effectively before lambing, it may be possible for them to raise their 

lambs, but often this may not be possible (Övet, 2023). Adopting excess lambs 

into single ewes can be a good way of dealing with excess lambs without 

encountering too many pets, but consideration must be given to how to do this 

and sometimes this is not always successful. In cases where it is not possible 

for the ewe to adopt (kill) another lamb, a plan will be needed to take care of 

motherless/orphan lambs. It is important to have a warm, dry area for these 

lambs. Having automatic feeding machines or feeders can greatly reduce the 

workload when there is more than one lamb (Figure 13). This also needs to be 

taken into account as lambs will need access to concentrated feed earlier than 

other lambs. 

 

Figure 13. Examples of lamb rearing and individual lambing pens 

https://www.tirlanfarmlife.com/farm-advice/detail/article/top-10-tips-for-a-successful-lambing 

https://www.teagasc.ie/media/website/news/daily/sheep-photos/ewe-with-young-lambs-

featured.jpg 

https://www.tirlanfarmlife.com/farm-advice/detail/article/top-10-tips-for-a-successful-lambing
https://www.teagasc.ie/media/website/news/daily/sheep-photos/ewe-with-young-lambs-featured.jpg
https://www.teagasc.ie/media/website/news/daily/sheep-photos/ewe-with-young-lambs-featured.jpg
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5. WHY ARE NEWBORN LAMBS SO VULNERABLE? 

Unlike humans, there is no transfer of antibodies from mother to 

offspring, so they are born with no protection against disease and are therefore 

dependent on colostrum for passive immunity. Newborn lambs also have a very 

permeable intestinal tissue, or barrier, that can allow ingested bacteria and 

toxins to pass directly into the bloodstream. They are born with a limited 

amount of brown fatty tissue. This structure is effectively energy reserves from 

birth until it can be fed. Newborn lambs have a very large surface area to body 

weight ratio, making them more susceptible to heat loss, especially when wet. 

All lambs need to be identified as soon as possible and bonded well with their 

dams. No matter what breed you have, there is always the possibility of 

rejection. If this occurs in a situation where the bond cannot be rekindled, 

intervention needs to be done quickly. Lambs are often born in both cold and 

wet conditions. Because of this environment and its large ratio of surface area 

to body weight, it can often consume most of its limited energy levels simply 

by maintaining body temperature. It can save energy by keeping them dry. To 

minimize the possibility of disease problems, the lamb's belly should be treated 

with iodine as soon as possible after birth, ideally within 15 minutes. Make sure 

the lamb is breastfeeding and receiving adequate colostrum as soon as possible 

after birth (within 6 hours). This highly nutritious energy source will protect the 

lamb against diseases and help maintain its body temperature, thus ensuring its 

survival. Be sure to check that the ewe has sufficient milk supply for its lamb(s). 

While it is preferred to feed the lamb with sheep colostrum, if this colostrum is 

insufficient for any reason, it should be fed quickly from another source. This 

can be fresh or frozen from another sheep or, if necessary, a high-quality natural 

alternative such as Volostrum. Try to avoid unnecessary interventions. Ideally, 

assistance with lambing should only occur if the life of the ewe or lamb is at 

risk. Finally, make sure you always maintain good hygiene. One in five lambs 

may die due to an unhygienic environment and this can be prevented. 
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6. FEEDING of MILKING SHEEP 

Nutrition during pregnancy affects colostrum yield and quality. Sheep 

needs are highest in the first 6-8 weeks of lactation. For optimum performance 

– feed according to needs – sheep must have body reserves (fat). Energy and 

protein requirements increased by 30% and 55% respectively. Insufficient 

energy intake increases protein needs. Milking sheep need plenty of clean, fresh 

water. A feed budget should be made and checked in advance to more accurately 

determine coarse and dense feed expenses in the farm (Abdelsayed et al. 2015). 

Grass yield and quality in pasture areas used for grazing vary throughout the 

year. There should be a clear understanding of what is owned, including the 

amount and inclusion. Over time, a profile should be created of your on-farm 

feed sources and if/when you may need additional supplements. Create a feed 

budget to understand what your animals' feed requirements are throughout the 

year and plan feeding management and stocking rates based on your available 

feed. Pregnancy check data can be used to estimate feed requirements for 

pregnancy and lactation. The greater the percentage of control/screening for 

pregnancy detection, the greater the requirements to meet the nutrient needs of 

multiple offspring. Feed requirements are ~50% higher for triplet ewes and 

~20% higher for twin ewes compared to single-bearing ewes. Good nutrition 

(quality and quantity) is particularly important during gestation and lactation to 

ensure optimal survival and growth of lambs as well as the continued 

reproductive performance of ewes (next season). If you are producing crops, 

productivity and quality must be determined to inform your feed budget. If 

grain feed is required and economical, purchasing can be done. 

7. CONCLUSION and SUGGESTIONS 

There is evidence linking perinatal lamb behaviour and viability to 

survival and should therefore be investigated as a potential method to reduce 

mortality rates. Some of this variation can be explained by genetics, as lamb 

behaviour after birth is highly variable. Physiological differences between 
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lambs may also help explain this variation, and it is reasonable to assume that 

'metabolic maturity' at birth may influence behavioural progression. There is a 

clear need to classify maturity at birth in lambs, identify the factors that 

influence this, and investigate whether relationships exist with behaviour and 

vigour. In the current study, we aim to determine whether hormones and 

metabolites previously involved in 'metabolic maturity' are associated with 

perinatal lamb behaviour. It is hypothesized that lambs with increased 

behavioural progression and vigour after birth are born with increased 

metabolic maturity as defined by endocrine and metabolite changes, which may 

have consequences for postnatal lamb survival. 
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INTRODUCTION 

Ewe milk has a special importance in terms of the biochemical values it 

contains. Nowadays, ewe milk production is generally carried out under very 

difficult conditions. Although these difficult conditions have changed until 

today, they are generally similar. As a result, despite high labor costs, milk 

production remains low. For this reason, profitability in production of ewe’s 

milk in Türkiye remains low. 

In fact, there may be more than one reason for this economic inadequacy 

of ewe milk producers. 

Among the agricultural sector activities, livestock breeding always has a 

very important place in terms of economy. Such sectors may have different 

characteristics. One of these is small ruminant breeding. It has a special 

importance especially for the Eastern Anatolia Region. In our country, methods 

of sheep and goat breeding vary or differ depending on various factors. These 

factors can be listed as follows: Factors such as the social, natural and economic 

situation of the regions, the existence of coarse or concentrated feed 

opportunities, the relationship of such factors with the plant production sector 

and the consumption habits of the population. Among the main agricultural 

sector components in Türkiye, livestock breeding, transhumance activities and 

semi-nomadic or nomadic sheep farming are prominent (Aygün and Demir, 

2014; Aygün, 2017). 

As in many farming practices, it is necessary to use modern methods for 

profitable milk production in sheep farming. It is important for sheep breeders 

to engage in modern production techniques in order to obtain better milk yield 

from their dairy herds and to earn more profit by producing more profitable 

milk (Sevinç, 1981). 

As it is known, many sheep breeds, especially in certain regions of our 

country, are raised mainly for milk production, which is used to make high-

quality cheese. Ewe milk is also processed into other products such as yoghurt 
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and butter. Mutton and wool production comes relatively later. It can be said 

that there is an increasing demand for sheep cheese and other ewe milk 

products. However, the increase in ewe milk production is not sufficient and is 

limited by many factors. This review has been prepared to help sheep breeders 

what they can do for profitable milk production in sheep husbandry. 

STRUCTURAL FEATURES OF SHEEP HUSBANDRY IN 

TÜRKİYE 

The effort to collect the desired features on a sheep according to today's 

economic needs constantly leads to the emergence of new breeds (Kaymakçı, 

2006). Türkiye's native sheep breeds also have different characteristics 

according to regional distinctions. There are sheep breeds that stand out with 

their meat yield in some regions, their milk yield in some regions, and their 

combined yield in most regions. Traditional breeding practices are also 

common in sheep breeds that stand out with their milk yield. Modern 

production practices are not sufficient. Today, sheep breeding is mostly done 

for milk and meat yield. Wool productivity is relatively less. Nowadays, when 

ewe milk has become more important, breeders prefer sheep breeds with high 

milk yield. In this regard, it is necessary to give importance to breeding 

practices in order to obtain the highest level of efficiency from economically 

profitable breeds. 

Türkiye has regions with very different characteristics in terms of climate 

and geographical conditions. For instance, some regions differ from others in 

terms of climatic conditions. Eastern Anatolia Region also has a different 

character from other regions. The emergence of extreme cold and severe storms 

is the biggest indicator that the winter months have arrived. However, in these 

seasons, although rarely, warm air waves coming from the north may occur in 

the high grasslands. However, during these stages, as the grasslands in the 

higher elevations become warmer, they are likely to receive more rainfall 

(Sözer, 1972). Despite all this, snow cover in Eastern Anatolia can remain on 
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the ground for months. Under these conditions, the winter period becomes a 

dead period for Eastern Anatolia. Due to the strong continentality in Eastern 

Anatolia, the transition from winter to summer is almost sudden. As the cold 

wave coming from Siberia begins to lose its effect, spring rains begin, then the 

snow melts and the air warms up rapidly (Tunçdilek, 1978). Small ruminant 

husbandry activities, which have always had an important place in livestock 

sector in terms of economy, have been characterized by the prominence of 

different practices in a way that has adapted to the regional differences of 

Türkiye. 

Raising small ruminants with conventional production in traditional 

communities is not only a form of economy but also a social and conventional 

sector, sometimes organized by following stereotyped processes. 

In general, as always, small ruminant husbandry has a special place and 

importance. Small ruminant breeding is one of the most valuable animal 

husbandry practices in Türkiye, especially in mountainous regions where rural 

areas are concentrated. Sheep breeding will become increasingly important 

with the introduction of modern production techniques. According to some 

research conducted in our country, the predominance is in livestock breeding, 

especially sheep and goat breeding, which is done on plateaus and pastures 

(Aygün, 2021). 

Meat and milk, as a food, constitute the basic protein sources of animal 

origin, which cannot be replaced by those of plant origin in human nutrition, in 

terms of the protein structures, mineral substances and vitamins they contain. 

Today, the amount of milk consumed per capita is considered an important 

indicator in determining the nutrition and development levels of countries. 

Characterization of sheep breeds both at the level of sheep phenotypes and their 

interaction with milk production systems and at the genetic level is most 

essential. 
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Figure 1. A flock of sheep-goat and shepherd on the highland (Photographer, Turgut 

Aygün). 

Local sheep and goat breeds and some genotypes have important 

advantages such as their adaptation to natural breeding areas, their ability to 

utilize traditional and special products and areas unsuitable for agriculture. In 

addition, genetic traits associated with disease resistance, environmental 

adaptation or productivity are important issues that are emphasized today. In 

Türkiye, while the characterization of domestic sheep and goat breeds with 

significant genetic diversity and identification studies in terms of productivity 

characteristics continue, emphasis is also placed on breeding and protection 

studies. In terms of studies to be carried out on domestic sheep and goat breeds 

and genotypes in the country, it is important to carry out inventory 

determination and recording studies as a priority. 

NUTRITION OF MILKING EWES DURING LACTATION 

PERIOD 

Nutrition of ewes is neglected, especially at the beginning of lactation. 

Essential proteins are rarely provided. Even on good pasture, ewes require 
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supplementary feeding before lambing and during lactation. Care should be 

taken in feeding dairy ewes during the lactation period. The nutritional level of 

ewes during the lactation period has important effects on the high and 

continuity of milk production and the condition of dairy ewes. 

Feeding is also effective in the onset of heat and pregnancy after lambing. 

Low levels of feeding prolong cycles. On the other hand, imbalances in feeding 

levels, especially during the breeding season, cause fertilized egg deaths. In 

sheep species, breastfeeding and milking generally prevent the effectiveness of 

estrus, and the pregnancy rate is low during this period. It is known that ewes 

that do not breastfeed their lambs have a shorter postnatal anoestrus period than 

those that do. However, researchers report that milking does not affect estrus, 

pregnancy and lamb production, provided that balanced and adequate nutrition 

is available. As a result, it can be said that lactation suppresses estrus, but under 

certain conditions, lactating or milking ewes can mate, and there is a variation 

within breeds and breeds in terms of estrus activity during this period 

(Kaymakçı, 2006). 

In cases where the requirements of milk-producing sheep breeds are 

relatively low, it may be sufficient to feed them with feedstuffs with high 

cellulose content that are insufficient in terms of nutrients. Condensed feeds, 

called factory feeds, can also be given in addition to roughage, depending on 

their quality, content and quantity. Here, quantity and nutritional content, that 

is, quality, are decisive. However, it is necessary to balance the deficiency and 

fill the nutritional deficiencies in the context of the needs of the sheep in some 

specific stages and the calorie, i.e. energy level, provided by the quality forage. 

A ration should be prepared by providing balanced and high-quality feed 

content for the animals during the approximately 30-day period before lambing, 

during the lactation period, before and for 30 days after fertility. Accordingly, 

the energy ratios of feeds with an ideally balanced nutritional content are as 

follows (Table 1). 
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Milk yield in sheep generally reaches its peak in the first 6 weeks of 

lactation and then slows down. In this first period, the nutritional level of dairy 

sheep is extremely important. The nutritional needs of dairy sheep are guided 

by the functions that the animals need to perform in their bodies. These vary 

depending on the stages of the reproductive cycle. 

Table 1. Energy values of some feedstuffs (Kaymakçı, 1986). 

Feed ingredient Metabolized energy values per kg dry matter 

Barley 13.0 

Corn 13.5 

Soybean meal 12.3 

Dry weed 7.5-10.0 

Green silage 9-11.5 

 

THE IMPORTANCE OF HYGIENE AND CONTROL OF 

DISEASES IN MILKING EWES 

The mammary glands of ewes consist of two lobes. Each breast lobe has 

a nipple and duct. Ewes may have more than two teats. These are mostly in 

front of the normal nipples. The amount of blood passing through the mammary 

glands of an ewe in 24 hours can reach approximately 1200 liters. 

Approximately 350-400 liters of blood must pass through the mammary glands 

to produce one liter of milk. The average lactation period in sheep is 140-150 

days. However, it is known that this period can extend to 8-9 months in some 

dairy sheep breeds (Kaymakçı, 2006). 
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When fresh milk from healthy animals leaves the udder, only a few 

microorganisms are present. Studies have shown that there are no 

microorganisms in the alveoli, up to the milk treasury. In contrast, the teat canal 

is a bed of microorganisms. This is where the first contamination of milk with 

microorganisms occurs. Between 100-1000 microorganisms pass into 1 ml of 

milk from the teat canal. There are almost no bacteria passing from the air into 

milk. In poorly ventilated shelters, the number of spore-forming bacteria 

transferred to milk was found to be between 100-200 per 1 ml. Other sources 

that are effective in bacterial contamination of milk are poorly cleaned udder, 

milking containers, milk jugs, and washing water used in milking and enterprise 

(Kaymakçı, 2006). 

In these sources of contamination, various microorganisms pass into the 

milk. However, the type of microorganisms that enter the milk after milking is 

important as well as the number. The bacterial species seen in the milk of 

healthy animals are saprophytic bacteria that do not cause any clinical 

symptoms. The milk of sick animals contains bacteria that cause diseases to 

humans and animals. An important issue in terms of ewe milking hygiene is 

that ewe milk is more exposed to fecal contamination than cow milk. Thus, 

milk contains coli bacteria. Disease-causing bacteria such as Salmonella 

contaminate milk. For this reason, it is useful to take precautions to prevent 

fecal contamination during milking period of sheep and goat. 

If considered from a health and technological perspective, qualified milk 

should be understood as follows: Milk with a normal cell count, no pathogenic 

bacteria, no toxins and harmful chemicals, and a normal taste and smell. 

A milk containing these features can only be obtained by knowing and 

fulfilling hygienic conditions. If we briefly summarize these conditions; 

(1) Adequate litter and ventilation must be provided to prevent the 

absence of carbon dioxide, ammonia and other harmful gases in the milking 

environment. 
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(2) Stinky, moldy and spoiled feeds should not be used as they will spoil 

the bacteriological quality, aroma and smell of the milk. 

(3) Milkers must not carry pathogenic bacteria that cause diseases in 

animals. In addition, the milker must pay attention to all cleaning principles. 

(4) During milking, attention should be paid to the cleanliness of the 

animals' udder, at least the teats should be washed with a disinfectant, and if 

possible, the first milk should be placed in a separate container. Milking 

containers should be suitable for the purpose, they should be washed thoroughly 

after milking and their mouths should be closed. Milkers should use clean 

aprons to wear only during milking. 

(5) After milking, milk should not be kept in the pen, but should be 

filtered immediately in the filtering chamber. 

(6) Cooling is required to slow down the activity of microorganisms in 

milk and to prevent spoilage to some extent. The simplest is cooling with low-

grade water. Milk to be cooled should be placed in jugs in pools filled with cold 

water, and the water in the pool should be at the level of milk in the jugs. Water 

should be given from the bottom and drained from the top (Kaymakçı, 2006). 

In conclusion, regarding milking hygiene, various difficulties arise in the 

processing for milk of ewe and goat milked in unhealthy environments into 

products. This situation directly concerns animal health as well as human 

health. For this reason, the necessary hygienic precautions before and after 

milking should be carried out sensitively. 

OVERVIEW OF GENERAL PROBLEMS OF SHEEP 

HUSBANDRY 

It is obvious that Türkiye is under the influence of climatological features 

related to geography and soil structure, and that semi-nomadic or fully nomadic 

goat-sheep activities continue in most parts of Türkiye, with the influence of its 

flora. 
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Farmer families, who continue their lives by dealing with small 

ruminant, experience problems and deadlocks in choosing pastures, grazing and 

wintering places, and obtaining the necessary conditions for this type of 

livestock farming. Of course, there has been a decline and decline in the rural 

population in some regions due to the security problem that continues, albeit to 

a lesser extent, today. Ones living in these mountainous regions had to leave 

these areas. However, as a result of the recent improvements in Türkiye and the 

provision of public order, the plateaus and pastures in the Eastern provinces 

will continue to be of great importance for semi-nomadic or nomadic tribes 

engaged in sheep and goat breeding, and they will have the opportunity to 

benefit from them again. 

 

Figure 2. Preparation for milking on the highland (Photographer, Turgut Aygün). 

The most convenient way to milk sheep is to reserve a separate section 

within the pen suitable for milking. In this way, milk yield inspections become 

easier. Health inspections of sheep and collection of milked milk under 

hygienic conditions can be ensured. In such pens, sheep should be lined up 
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without being squeezed. It should not be frightened in a way that causes 

undesirable physiological reactions. 

 

Figure 3. Preparation for milking on the highland (Photographer, Turgut Aygün). 

The important thing here is how the sheep will take their place and be 

kept without fear until the milking is finished. The milking parlor should be 

large enough and generally above where the milker moves. During milking, 

ewes are tied in different ways mostly around their necks. 

There are many different methods applied in different countries. In some 

countries, sheep are milked in front of a feed trough at a certain height from the 

ground. This method also allows the sheep to get used to milking easily. There 

is enough space for a moving pole to rotate. The milker can sit or stand. 

Sometimes milkers use a seat that slides on a rail, so they can move it with very 

little force. 
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Figure 4. Berivan (female milker) and milking ewes on the highland (Photographer, 

Turgut Aygün). 

Ewes can also be milked manually in special sections called "Kotra", 

which are very useful. The number of stalls in the farms depends on the number 

of milkers used. The sheep are herded into a compartment at the back of the 

cutter and they are taken into the compartments from the back or side of the 

milkers. 

Of course, breeders who raise small livestock have many problems. One 

of these is the issue of education. Especially the education of girls in the family 

should be approached from a different perspective. It is often problematic for 

families who go to high pastures to stay in places called tents. In this way of 

life, small and young individuals who help the farmer family in all their work 

contribute to the family economy. In a nomadic or semi-nomadic lifestyle, these 

individuals play an important role in meeting the basic needs and requirements 

of the family at every stage. Another thing that should be known here is that in 

this lifestyle, children generally have to start their education life a little behind. 

In addition, especially girls face serious problems in transhumance or nomadic 

lifestyle. 
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BREED SELECTION IN DAIRY SHEEP HUSBANDRY 

Small ruminant breeding is a sector with different dynamics within the 

livestock sector. Approximately 9% of the milk production obtained at the end 

of production in our country consists of milk obtained from sheep. Among 

Türkiye's native breeds with high milk yield, the Awassi sheep breed has a 

special place and importance. In addition to its increasing importance, it is a 

local breed that stands out in terms of economic breeding (Yıldız and Yıldız, 

2002). Therefore, our country is among the most important countries in terms 

of hosting various sheep breeds with different characteristics in many aspects. 

These breeds have adapted to different environmental and care-management 

conditions. This is also important in that the necessary expenses in terms of 

cultivation do not require additional costs in broadcasting (Gürsu, 2011; Gürsu 

and Aygün, 2014). 

 

Figure 5. The end of milking ewes on the highland (Photographer, Turgut Aygün). 
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The average lactation duration and lactation milk production for Awassi 

sheep are given as 165.40 days and 110.00 l, respectively. It was revealed that 

the effect of age and gender on these two characteristics in Awassi sheep was 

not statistically significant. Similarly, the fat rate, dry matter rate, density, 

freezing point of milk, and protein rates in milk for Awassi sheep are given as 

follows, respectively: 6.40%, 11.61%, 1.0364 g/cm3, -0.59 °C and 6.09% 

(Gürsu and Aygün, 2014). 

Milking in sheep husbandry is a seasonal job. It is usually done twice a 

day, at regular intervals. All our local sheep and dairy sheep are milked. In local 

breeds, there is a 3-5 month milking period after the lambs are weaned. In dairy 

breeds, this period may increase to 7-8 months. Milking operations require a 

significant workforce. In Türkiye, most of the sheep flocks are kept in small 

flocks. Milk yield levels are also not high. Therefore, milking is naturally done 

by hand (Gökdal, 1998). On the other hand, in countries where dairy sheep 

farming is developed, machine milking is becoming increasingly common in 

large sheep flocks in terms of both labor force increase (savings) and milk and 

milking hygiene. 

Ewe milk, along with goat milk, is among the products preferred by 

breeders. Goat milk has different properties compared to other milk in terms of 

its content (Kaymakçı et al., 2005). 

CONCLUSION AND SUGGESTIONS 

Existing genetic productivity capacities in the livestock sector must be 

improved through breeding programs and projects. Animal diseases and pests, 

which are one of the important problems in export activities, should be 

combated more effectively. 

The high input prices in milk production have brought production to a 

limiting stage. In this regard, support policies should be reviewed and input 

subsidies should be made. Livestock loan interest rates should also be reduced 

and maturities extended. 
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The establishment of modern enterprises that can produce economically 

profitable products should be supported. 

The training of milk producers on modern sheep breeding should be 

increased to a more effective level. 

Organizations of ewe milk producers should be supported. 

Unregistered production, which has especially increased recently, should 

be regularly inspected and necessary sanctions should be applied. 

The necessary socio-economic programs should be applied to ewe milk 

producers. Various measures need to be taken to accommodate the population 

in rural areas where they are located and to stop the economic deterioration. It 

is obvious that the problems of business owners producing ewe milk, both in 

rural areas and in places close to cities, need to be identified and solutions must 

be sought. 
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