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ABSTRACT 
One of the most basic human needs is water, which is also needed to 

create all the nutrients required for nutrition. For this reason, water is the 

basic element of life. While the presence of underground mines and oil is 

an indicator of the wealth of a country, the existence of water resources is 

now considered a part of this group. 

 

A hundred years ago, the existing water availability in a country was 

a direct indicator of the water wealth of that country. However, as a result 

of the increase in industrialization and the rapid pollution of water 

resources, it has become a necessity to evaluate water not only in terms 

of quantity but also in terms of quality. Because the unit water value of a 

source is related to the number of different purposes that source can be 

used for, the more varied a water resource’s application, the more 

valuable it is. Sometimes one unit of very clean water is more valuable 

than a hundred units of dirty water. For this reason, the value of a 

country's water resources should be evaluated not only in terms of 

quantity but also in terms of quality. 

 

In this study, the total surface water as rivers and lakes and 

groundwater of Turkey were examined in terms of quantity and quality 

on a basin basis, and assessments were made about the basin water 

potentials. 

 

While the amount of water in 25 water basins in Turkey does not 

show a significant change over time, a serious changing draws attention 

in terms of quality, especially in the last 50 years. The change in the 

amount of water in the basin primarily manifests itself in the form of a 

decrease in the water levels of rivers, lakes and groundwater. This process 

arises due to the effects of global warming and climate change, which is 

a global problem that concerns the whole world. However, pollution in 

water resources and making the water resource unusable are all related to 

the fact that the regulations on the protection of water are not adequately 

implemented and people do not act consciously. In other words, although 

quantitative reduction is a global problem, the quality problem is related 

to the polluting factors in the region of that resource. 

 

In a country with a very high population growth rate, the decrease in 

the per capita water potential and the rapid increase in the pollution in the 

existing resources leads to a steady decline in the availability of usable 

water resources. In this study, attention was drawn to point and diffuse 

pollution on the basis of water presence and water source on the basis of 

basin, and an evaluation of Turkey's water resources in terms of quantity 

and quality was made. 

 

Keywords: Water resources, Irrigation water quality, Watershed, Turkey

 

 

1. Introduction 
 

The greatest absolute needs of people are drinking water and nutrition. Nearly 1 billion people in the world suffer from drinking 

water shortages while 2 billion people live with insufficient access to quality water. In addition, half of the world's population is 

struggling with water scarcity. Water is a vital resource not only for drinking but also in the production of nutrients (Öztürk & 

Çolak 2021). 

 

While water is an absolute necessity in the lives of all living things, it is also t used wastefully and carelessly. Water, which 

has not only an economic aspect, is also a natural resource that should be considered as a social asset, political and strategic 

power related to the right to life of humans and nature (Sevindi 2005). 

 

Meeting the ever growing demands for the world growing population in terms of food and water continues to be a global 

concern. A large part of the efforts to feed the world is made through agricultural production. There are three main inputs of 

agricultural production. These are soil, water and sunlight. Although there may be enough agricultural land, a lack of water and 

sunlight in many areas are the main issues that limit production. While there is usually sufficient water at high latitudes, 

temperature and sunlight are the limiting factors for agriculture. At lower latitudes, which are typically semi-arid and arid, water 

is usually the main factor limiting agricultural production. The amount of evaporation from the earth has increased due to climate 

change and related global warming. Excessive evaporation causes a decrease in the water on the earth and an increase in the 

https://orcid.org/0000-0003-0201-1726
https://orcid.org/0000-0003-4752-6491
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water in the atmosphere. With excessive evaporation, there is not only a decrease in the water on the earth, but also a deterioration 

in water quality. Because evaporation takes place as pure water, the salt concentration of the remaining water rises even more 

and the water becomes of increasingly poor quality. The quality of most water sources in summer is often lower than in winter. 

One reason for this is evaporation with the other being the increase in microbial activities in hot conditions. 

 

Although the total amount of water on earth shows no change, the distribution of this water is disordered and shows significant 

variation. More than half of the world's fresh water is found in Canada. The potential of water resources is evaluated in two 

different ways. While one of them is the total fresh water availability, the other is the per capita water potential. Since the 

population of the countries interact in terms of these two parameters, the ranking can vary significantly in the population-based 

assessment. For example, Iceland, with a population of 357 thousand, is 5 times better than Canada, which has half of the world's 

fresh water in terms of water potential per capita. Therefore, the total water potential and the per capita potential lead to different 

conclusions. 

 

36% of the water used in the world is distributed in Asia, 25% in South America, 15% in North America, 11% in Africa, 8% 

in Europe and 5% in Oceania. An examination of this distribution shows that the water potential per capita is insufficient since 

Asia has 60% of the world's population. There is 5 000–6 000 m3 of water per person per year in the world (UN 2007). 

Falkenmark et al. (1989) developed an indicator called the “Falkenmark water stress indicator” to define the water scarcity 

threshold. According to this indicator, if the annual water potential per capita in a country is below 1700 m3, then that country 

suffers from water scarcity. A water-scarce country faces seasonal or continuous water stress. If the water potential falls below 

1 000 m3, problems arise in human living conditions and water stress is experienced. If the water potential falls below 500 m3, 

serious problems emerge in basic human life, which is defined as absolute water scarcity. This classification is common in many 

studies due to the ease of its calculations (UNDP 2006). 

 

If the world population continues to increase in this way, the proportion of people experiencing water shortages will increase 

to 36% in 2025 and 42% in 2050. Today, 700 million people in 43 countries suffer from water stress and water scarcity. In the 

Middle East, which is one of the regions where water stress is most apparent in the world, the annual water potential per person 

is 1200 m3 on average. The only countries in the region where the per capita water availability exceeds this value are Iran, Iraq, 

Lebanon and Turkey. Palestine, especially Gaza, suffers from thee most severe water shortage in the Middle East with 320 m3 

per capita per year (UNDP 2006). 

 

The quality of the water is also important as well as the amount of water available, since the quality of water is the most 

important feature that limits its use. The existence of a water source that cannot be used for any purpose can be taken as the 

equivalent of not having that water source at all. In many regions, a small amount of good quality water is preferred over a large 

amount of poor quality water. Today, if there is water of different qualities in the same area, a quality-based water pricing is 

applied. For example, when it comes to using poor quality groundwater cheaply in an agricultural area, the farmer may prefer to 

use higher quality but more expensive surface water. In fact, in the near future, considering the reaction of the crops to the water 

quality, it is possible to implement planned agricultural practices such as using quality water in sensitive periods and using low-

quality water in non-sensitive periods.  

 

In arid and semi-arid areas, irrigation has become even more dependent on poorer quality and deficit quantity water. 

Moreover, differences in resistance to drought and salinity between varieties, which were not covered extensively before, have 

become more important than before (Semiz et al. 2023). Both irrigation water pollution and increasing soil salinity in agricultural 

lands are the most important limiting factors for cultivation of culture crops. To meet increasing needs, marginal waters should 

be used and agricultural lands should be used for production. Saline lands could also be used in production through the use of 

salt-resistant plants (Taş et al. 2022). 

 

While there is vast quantities of water in the seas and oceans what makes water scarce is its quality. The problem is not one 

of water scarcity in the world, but a problem of quality water scarcity. It is still not considered economical to treat sea water into 

good quality water. The cheapening of treatment technologies will significantly affect the availability of quality water. 

Transferring water to where it is needed is not an economical solution at present due to the high energy cost. The development 

of inexpensive methods of conveying water is vital in wider efforts towards eliminating water scarcity. 

 

In low latitudes where arid and semi-arid climatic zones are located, it is almost impossible to carry out crop production 

without irrigation. The presence of water resources required for plant production in these latitudes, including Turkey, directly 

affects the agricultural production potential. The significant increase in the yield of some products with irrigation, or the fact that 

many products cannot be grown in dry farming is an indicator of how important irrigated agriculture is. 

 

In this study, Turkey's water resources potential was examined in terms of its quantity and quality and evaluated on a basin 

basis. The evaluation on the basis of basin was made quantitatively and qualitatively in the form of rivers, lakes and groundwater. 
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2. Turkey's Water Availability 
 

Turkey consists of 25 river basins (Figure 1). Most of the rivers in the country originate within the borders of the country and 

reach the sea. The most important rivers in the country are the Kızılırmak (1 355 km), Sakarya (824 km), Meander (548 km), 

Seyhan (560 km), Yeşilırmak (519 km), Ceyhan (509 km), Gediz (401 km), and Little Meander (114 km) rivers. The rivers that 

originate within the country borders and flow into the sea from the shores of other countries are the Euphrates (1 263 km in 

Turkey), Tigris (512 km in Turkey), Chorokhi (354 km in Turkey), Kura (189 km in Turkey) and Aras (548 km in Turkey) rivers. 

The Orontes (98 km in Turkey) and Meriç (187 km in Turkey) rivers originate in the lands of other countries and flow into the 

sea on the shores of Turkey (SHW 2022). 

 

 
 

Figure 1- Turkish water basins 

 

As a result of the topography of Turkey, which is quite young in terms of geological age and due to the high slope of the 

land, the regimes of the rivers are generally irregular and wild stream. Therefore, it is often not possible to use water directly 

without taking the necessary regulations and precautions. While it may appear that Turkey has vast quantities of water, the needs 

cannot always be met due to different levels of precipitation in the basins and precipitation at different times of the year (Burak 

et al. 1997). 

 

The water availability of a country is directly related to the levels of rainfall that occur in that country. Precipitation varies 

depending on the country's precipitation regime, geographical location, topography, climatic conditions and season. In Turkey, 

which has continental and semi-arid climate characteristics, although there are regional differences depending on these 

characteristics, the annual average precipitation amount is 574 mm, which corresponds to an average precipitation volume of 

450 billion m3 per year. According to the basin master plans, it is calculated that 185 billion m3 of this water flows into the seas 

and lakes through streams of various sizes. The groundwater reserve determined through Turkey's hydrogeological studies has 

been calculated as 23 billion m3, and the safe usable groundwater reserve has been calculated as 18 billion m3. Within the 

framework of today's technical and economic conditions, the surface water potential that can be used for various purposes is 94 

billion m3 annually, and the groundwater potential that can be safely used is 18 billion m3 annually. Thus, the total consumable 

surface and groundwater potential of Turkey can be calculated as 112 billion m3 per year (Anonymous 2018). 

 

According to the 2021 realization values of Turkey's total water potential, it was determined that 58.41 billion m3 of water 

was used for various purposes (45.05 billion m3 (77%) for irrigation water, 13.36 billion m3 (23%) for drinking, domestic and 

industrial water) (Figure 2) (SHW 2022). 
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Figure 2- Turkey's water availability and use 

 

According to the data of the Turkish Statistical Institute, the population of Turkey is 84 680 273 as of 2021. The annual 

amount of usable water per capita in the country is 1 323 m3 in 2021. Considering the usable water potential per capita, Turkey 

is among a wider group of countries experiencing water stress. The population of Turkey in 2050 is predicted to be 96 498 000, 

which means that even if the amount of water in the country does not decrease, the water potential per capita will decrease to 1 

161 m3/year and Turkey will become a water-poor country (SHW 2019, TUIK 2019). Due to the drought in Turkey, especially 

in recent years, significant problems have been experienced in both the agriculture and domestic use of water and economic 

losses have occurred. It is estimated that the social and economic problems in the country will grow exponentially, as climate 

instabilities to be experienced due to global climate change will cause water shortage. For this reason, an accurate monitoring of 

Turkey's water potential and appropriate use of water will be vital in planning the future. 

 

In Turkey, it is important to use water economically and in an optimum way, and studies have been carried out to evaluate 

the potential of water resources and to use it in a multi-purpose way through the construction of storage facilities. The use of 

water in a multi purpose way is aimed to prevent water losses in the irrigation projects under operation and to use water more 

effectively and efficiently. In addition, it is aimed to give importance to renovation works in order to prevent drainage problems 

affecting soil quality and to expand the use of closed irrigation systems instead of classical open system irrigation networks 

(SHW 2021). 

 

3. Water Resources Status in Quantitative and Qualitative Aspects in Turkey's Water Basins 
 

The flow regimes of the rivers in Turkey vary throughout the year due to variables in precipitation levels according to the regions 

and seasons as well as differences in the bed slopes of the rivers. The high slopes of the rivers does provide the potential to 

generate hydroelectric energy from the rivers. However, the fact that the rivers have different bed morphology and high bed 

slopes does create certain obstacles for transportation (SHW 2019). 

 

13 of the 25 basins (the Euphrates and Tigris, Seyhan, Ceyhan, Kızılırmak, Sakarya, Chorokhi, Yeşilırmak, Susurluk, Aras, 

Orontes, Meander, Gediz and Little Meander) can be considered as individual river basins. The other 12 basins (the Eastern 

Mediterranean, Eastern Black Sea, Antalya, Western Black Sea, Western mediterranean, Marmara, Konya Closed, Van Lake, 

North Egean, Meriç-Ergene, Burdur Closed and Akarçay) cover large and small discrete streams and lakes. Of these 12 basins, 

4 (Konya Closed, Van Lake, Burdur Closed and Akarçay) are closed basins that are not in contact with the seas (SHW 2022). 

  

Lakes; It has attracted the attention of human beings for centuries, both in terms of supply of fresh water, which is inevitable 

for living life, and with its unique resources. From the perspective of the historical process of humanity, many important 

civilizations were established and rooted in areas where fresh water resources were found. 

 

As a result of the studies carried out by the General Directorate of Nature Conservation and National Parks, there are 320 

natural lakes in Turkey. Some of these lakes are seasonal and are filled through winter precipitation and then dry up due to a lack 

of precipitation in the summer. Of the lakes in Turkey, Lake Van (3 713 km2), Salt Lake (1 300 km2), Beyşehir Lake (656 km2), 

Eğirdir Lake (482 km2) are the largest lakes in size (SHW 2022). 

 

There are 861 dams in operation in Turkey. Of the dams in Turkey, the Atatürk Dam has a surface area of 817 km2, Keban 

Dam 675 km2, Ilısu Dam 313 km2, Karakaya Dam 268 km2, Hirfanlı Dam 263 km2 (SHW 2022). 

 

Groundwater sources are water reserves that have been formed by accumulating underground for many years, show small 

changes with annual consumption and re-feeding, and constitute a country's safe water resources. It is important to protect 

groundwater both quantitatively and qualitatively. Groundwater polluting factors are restricted by law. Excessive use of 

groundwater may cause the source to dry out completely through these sources inability to renew themselves. Overuse can also 
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cause seawater to enter the freshwater aquifer at seaside. For this reason, in terms of resource conservation, the annual use of 

underground reserves should never exceed the average recharge rate. The water reserve in underground aquifers should not be 

allowed to decrease over time. Groundwater sources protected in terms of quantity and quality by regulations. On the other hand, 

in many areas monitored by observation wells, excessive water use occurs during dry periods. 

 

In this study, the rivers, lakes and groundwater resources of Turkey's basins have been analyzed on a basin basis in terms of 

both quantity and quality and evaluated according to the basin numbers provided below. 

 

3.1. Meriç-ergene basin 

 

The precipitation area of the Meriç-Ergene Basin, which is one of the smaller basins, is 14 486 km². The basin has an annual 

precipitation average of 665 mm. The estimated total water potential of the basin is approximately 2 billion m3 per year. A total 

of 1.235x109 m3 of water is consumed in the basin, 970x106 m3 for irrigation, 112x106 m3 for domestic use and 153x106 m3 for 

industrial use. This figure constitutes 61.8% of the total water potential of the basin (Anonymous 2018a). 

 

The main rivers in the Meriç-Ergene Basin are the Ergene River and its tributaries. The Ergene River originates from the 

Ergene springs in the Istranca Mountains in the northeast of Thrace and flows in a northeast-southwest direction under the name 

of Ergene Creek. Later on, it merges with the Çorlu Stream coming from the east near the village of İnanlı and takes the name 

of the Ergene River. The Ergene River flows in an east-west direction, taking the Ana Stream, Soğucak Stream, Lüleburgaz 

Stream, Şeytan Stream, Çimenli Stream and Süloğlu Stream from the north, and the Çengelli Stream, Beşiktepe Stream, 

Hayrabolu Stream and Bayramlı Stream tributaries from the south. It then joins with the Meriç River in the south of Adasarhanlı 

village (Anonymous 2018a). 

 

Water pollution is the biggest problem facing the Meriç-Ergene Basin. The waters of the Ergene River are in the low irrigation 

water quality class due to uncontrolled industrialization, failures in waste water management and incorrect agricultural practices. 

Due to the of the overflow of the stream, particularly after rainfall, the plain is polluted with flood waters and soil pollution arises 

from the polluted waters. In recent years in particular, through excessive industrialization in the Tekirdağ region, an excessive 

pollution load has been observed in the Çorlu Stream owing to waste discharge from industrial facilities. 

 

The electrical conductivity (EC) values of the basin waters show significant regional differences.  With the exception of the 

Çorlu Stream, the tributaries of the Ergene River and the Meriç River are in the 2nd class in terms of EC values. The Ergene River 

has 3rd class water quality, excluding the source area and its tributaries, and Çorlu Stream has 4 th class water quality (WPCR 

2015).  

 

The lakes found in the basin are the Çeltik (Gala) and the Pamuklu Lakes. The Gala Lake has a total area of 601 hectares and 

is divided into the Grand Gala (Çeltik) and Small Gala (Pamuklu). The Grand Gala has a large water area. Some parts of the 

lakes are in the form of reed beds (Small Gala), seasonal marshes and wetlands consisting of salty lakes containing salt water. 

Rice is cultivated extensively in the region. The lakes in this basin are under the threat of pollution coming from the Meriç River, 

agricultural activity wastes and the sediment created by the floods. Especially in dry periods, the salinity value of the lake water 

tends to increase (Anonymous 2015). The Gala Lake has an EC 2.5 dS/m salinity in terms of irrigation water quality and an 

irrigation water class of 4 (Tokatlı et al. 2014). 

 

Along the river route, which is 283 km in total from its source to the point where it reaches the sea, the stream flow gradually 

increases as a result of the industrial and domestic wastes absorbed by the river.  

 

When the basin is evaluated in terms of groundwater. The groundwater recharge quantity is 507.7x106 m3/year with an 

operating reserve is 498.2x106 m3/year. Three-quarters of the total annual operating reserve of the groundwater potential of the 

basin is allocated to domestic and industrial water. In addition, an area of 15 585 ha is irrigated from 347 wells belonging to 46 

irrigation cooperatives. The effect of the climate on groundwater is most apparent through precipitation levels. While the amount 

of water in the aquifers increases with the effect of precipitation, precipitation does not affect the deep wells. In recent years, it 

has been observed that there has been a decrease in groundwater levels and a decrease in groundwater quality (Anonymous 

2015). 

 

3.2. Marmara basin 

 

The precipitation area of the Marmara Basin is 23 074 km². The Marmara Basin is the most populated basin in Turkey, and 

İstanbul, the most populated city of Turkey, is located in this basin. The average annual precipitation of the basin is 685 mm. 

The annual average flow value of the Marmara Basin is 5.08x109 m3 (6.69 L/s/km2) and constitutes 2.77% of Turkey's surface 

water potential. Considering the 5.08x109 m3/year surface and 396x106 m3/year groundwater potential in the basin, the total 

water potential is 5.476x109 m3/year. Of the total water potential, the usable water potential of the basin is stated as 2.54x109 

m3/year surface water and 297x106 m3/year groundwater, totalling 2.837x109 m3/year. 11% of the total water potential of the 

Marmara Basin is used for irrigation and 89% for domestic water (drinking, using, industry, etc.) activities (Anonymous 2010). 
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Since the Marmara Basin is not a large river basin, it has many large and small streams. The streams in the basin demonstrate 

very different water quality characteristics from each other as they are exposed to domestic and industrial wastewater discharges 

(Anonymous 2010). 

 

Natural lakes in the basin are İznik, Küçükçekmece and Dalyan lakes. The main water source in the basin is Lake İznik, 

which is predominantly used for drinking water and irrigation water. A total of 7036 ha of agricultural land is irrigated by the 

irrigation facilities built by DSI in İznik, Boyalıca and Orhangazi (Anonymous 2015). Lake İznik is the largest and deepest 

natural lake in the Marmara and the fifth largest natural lake in Turkey (Anonymous 2022). In terms of the irrigation water 

quality of the lake, the electrical conductivity values vary between 0.68-1.10 dS/m (Anonymous 2022a). 

 

The surface area of Lake Küçükçekmece is 1956 ha, its length in the north-south direction is 10 km and its widest part is 

approximately 6 km. Although Küçükçekmece Lake is not very deep, its depth reaches up to 20 m near the southern shore. The 

lake contains brackish water and has a lagoon type character (Anonymous 2015). The water of the lake is salty because of the 

transfer of seawater from the Marmara Sea into the lake when it swells (Okumuş 2007).  

 

The other lake in the Marmara Basin is Dalyan Lake with an approximate size of 400 ha. The depth, which is about 10-20 

cm on the shores of the lake, increases up to 1.5 meters towards the centre of the lake. The lake waters are not used because they 

are alkaline and salty. Since the lake surroundings are sandy, it lacks any natural vegetation. The groundwater recharge quantity 

of the Marmara Basin is 241.7x106 m3/year, and the operating reserve is 210.7x106 m3/year (Anonymous 2015). 

 

3.3. Susurluk basin  

 

The precipitation area of the Susurluk Basin is 24 319 km² while the population numbers 3 139 112. The average annual 

precipitation in the Susurluk River Basin is approximately 662 mm/year. The total water potential of the Basin, including surface 

and groundwater, is approximately 5.81x109 m3/year. Within the basin potential, it is estimated that 1.18x109 m3/year for 

irrigation, 200x106 m3/year for domestic use and 234x106 m3/year for industrial use, a total of 1.614x109 m3/year water is used 

(Anonymous 2018b). 

 

Many small and large rivers discharge the rainfall of the Susurluk Basin into the Marmara Sea and Lakes Uluabat and Manyas. 

There are many large and small rivers in the basin flowing continuously throughout the year or for a short time. 

 

• The Simav Stream (Susurluk Stream): The most important stream of the Susurluk Basin, the Simav Stream originates in 

Kütahya. The length of the Simav Stream, which enters Balıkesir from the Sındırgı district and disembogues into the Marmara 

Sea, is 175 km. It is also fed by many streams in the basin. High boron concentration waters discharged from Bigadiç Borax 

plants to Simav Stream, which adversely affect the irrigations in Balıkesir, Susurluk, Kemalpaşa, Karacabey plains located in 

the Susurluk Basin. 

 

• The Dursunbey Stream (Balat Stream): The Dursunbey Stream, which originates in the Alaçam Mountains and merges with 

the Simav Stream and disembogues into the Marmara Sea, has a length of 65 km. 

 

• The Kille Stream: The length of the Kille Stream, which originates from the Dursunbey district and joins with the Simav 

Stream and disembogues into Marmara Sea is 97 km. 

 

• Yağcılar Creek: It originates in the Bigadiç district and merges with Simav Creek in Kepsut and disembogues into the 

Marmara Sea. The length of the stream is 30 km. 

 

• The Atnos Stream: The river originates in Kütahya, joins with the Simav Stream in Sındırgı and disembogues into the 

Marmara Sea. 

 

• The Üzümcü Stream: Originating in the İvrindi district of Balıkesir, the stream merges with the Simav Stream and 

disembogues into the Marmara Sea. The Üzümcü Stream is approximately 56 km long. 

 

• The Dombay Stream: The stream originating from Bigadiç district merges with the Simav Stream and disembogues into 

the Marmara Sea. 

 

• The Kocaçay: The Kocaçay, one of the important rivers of the basin, arises from the foothills of the Madra Mountain and 

flows 140 km from south to north and disembogues into Lake Manyas. It is the most important river source feeding the lake. 

 

• The Nilüfer Stream: It is the most important stream of Bursa province and one of the characteristics of Bursa city. The 

stream originates around Keles and merges with the Susurluk Stream and disembogues into the Marmara Sea around Karacabey 

Boğaz district.  
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• The Deliçay: It arises from the northern slopes of Uludağ and brings vast quantities of sediment as a result of the melting 

of snow in spring due to the very steep slope. The Deliçay joins the Nilüfer Stream and disembogues into the Marmara Sea. 

 

• Aksu Creek: This streams descends from the northern slopes of Uludağ. It reaches to Gölbaşı Pond. 

• The Kaplıkaya Stream: It arises from the northern slopes of Uludağ, after entering the Bursa Plain, it merges with the 

Deliçay and joins the Nilüfer Stream. 

 

• The Ayvalı Stream: It joins the Nilüfer Stream by passing through the Çayırköy Plain.  

 

• The Hasanağa Stream: It joins with the Nilüfer Stream about 7 km west of the Ayvalı Stream. 

 

• The Orhaneli Stream (Kocasu Stream): The Orhaneli Stream, which is 104 km long within the provincial borders, arises in 

the Gediz district of Kütahya Province. 20 km from Mustafakemalpaşa district, in Çamandar Village, it merges with the Emet 

Stream, which is the branch of the Mustafakemalpaşa Stream coming from the west, and takes the name Mustafakemalpaşa 

Stream and disembogues into Lake Uluabat.  

 

• The Emet Stream: It originates at 1100 meters on the Şaphane Mountain in the Gediz region and merges with the Orhaneli 

Stream in the north and forms the Mustafakemalpaşa Stream. Its length within the provincial borders is 44 km. 

 

• The Mustafakemalpaşa Stream: The Mustafakemalpaşa Stream, which is 134 km long within the provincial borders and 

formed by the merging of Orhaneli and Emet Streams in Çamandar Village, flows into Uluabat Lake 40 km from here. 

 

• The Sultaniye: The length of this stream, which is a branch of the Nilüfer Stream, within the provincial borders is 11 km. 

 

• The Kurtkaya Stream: The length of the Kurtkaya Stream, which is a branch of the Nilüfer Stream, within the provincial 

borders is 20 km. 

 

• The Değirmendere: The length of this stream, which is a branch of the Nilüfer Stream, within the provincial borders is 16 

km. 

 

• The Yaylacıkdere: The length of this stream, which is a branch of the Nilüfer Stream, within the provincial borders is 22 

km. 

 

• TheEmet Stream: The 90 km long brook consists of springs near the Saruhanlar and Aşıkpaşa villages, and merges first 

with the Kocadere, then the Doğanyakası Stream and the Kayaköy, and takes the name of the Emet Stream. 

 

• The Bedir Stream: Flowing in the southwest-northeast direction, the stream passes through Çavdarhisar and merges with 

the Barağı Stream, İmam Stream and Çat Stream. Its average flow is 0.178 m3/s. 

 

• The Tavşanlı Stream: The brook, which is 65 km long within the provincial borders, originates in Esatlar Village. It merges 

with the Bedir Creek, and flows northward from here to the Tavşanlı Plain. 

 

• The Simav Stream: The length of the brook, which starts from the point where Kalkan Stream ends and leaves the provincial 

borders after Beciler Village, is 40 km. 

 

• The Hamzabey Stream (Kocaçay): The length of the stream, which originates from the town of Naşa and then reaches the 

Emet Stream, is 45 km (Anonymous 2018c). 

 

There are 2 natural lakes in the Susurluk Basin, which is located in the west of the country and has a population density of 

more than 100 people per km2. 

 

Lake Manyas is located within the borders of the Manyas district of Balıkesir province and covers an area of approximately 

16 069 ha. Since Lake Manyas has shallow waters, the water temperature varies depending on the atmospheric conditions. Lake 

Manyas, which hosts a bird paradise and is a RAMSAR area, is one of the important of Turkey’s wetlands. With the water of 

the lake having high turbidity, it almost exclusively used for irrigation purposes and the area around the lake has a high number 

of agricultural fields and factories (Anonymous 2017). The increase in the regions in the region’s population as well as growing 

industrial use and domestic waste has led to a deterioration in the water quality Lake Manyas (Gürlük & Rehber 2009).   

 

Lake Uluabat, located within the borders of the Karacabey and Mustafakemalpaşa districts of Bursa province, covers an area 

of approximately 15 409 ha and has been included in the List of Ramsar Wetlands as of 1998. The lake, with a maximum depth 

of 6 m is a shallow, turbid, eutrophic freshwater lake. The most important water source feeding the lake is the Mustafakemalpaşa 

Stream. In addition, the drainage waters of the surrounding agricultural areas are also discharged into the lake. The quantity of 
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water entering the lake varies greatly according to the seasons and years. The excess water of the lake flow into the Uluabat 

Stream and the Susurluk Stream to the west of the lake and then into the Marmara Sea. However, when the water level of the 

lake falls below that of the Uluabat Stream, the stream flows towards the lake and feeds the lake. With the water pumped from 

the lake, 6 350 ha of land around the lake is irrigated (Anonymous 2017). 

 

A high number of settlements, factories, workplaces, agricultural lands and mines can be found around Lake Uluabat, which 

is located in the Marmara Region, where the population and industry are dense. This leads to the deterioration of the water quality 

and an increase in the lake’s pollution levels (Akdeniz 2005).  

 

There are over 30 lakes in the Living Lakes network. Lake Uluabat is among these globally important lakes and is recognized 

and supported internationally (Karaer et al. 2009) Lake Uluabat is in the 4th class according to the irrigation water criteria (Katip 

& Karaer 2011). The groundwater operation reserve of the Susurluk Basin varies in the range of 503x106-671x106 m3/year 

(Anonymous 2015).  

 

3.4. North Aegean basin 

 

The precipitation area of this basin is 9 861 km2 while the population living within the borders of the basin is approximately 800 

000 people. Many rivers of different sizes in the North Aegean Basin that disembogues their waters into the Aegean Sea including 

the Bakırçay River, Karamenderes Stream, Madra Stream, Güzelhisar Stream, Tuzla Stream, Havran Stream and Black Stream. 

The flow rates of the rivers in the basin vary most of the year depending on precipitation and discharges (Anonymous 2019). 

 

In the North Aegean Basin, the annual average precipitation value is around 672 mm. The annual average flow amount is 

1.39x109 m3 (4.86 L/s/km2) and constitutes 0.75% of Turkey's surface water potential. The usable part of this water is estimated 

to be 695x106 m3/year. The groundwater operating reserve of the North Aegean Basin is 187x106 m3/year and the groundwater 

potential is estimated to be around 249x106 m3/year. Considering the 1.39x109 m3/year surface and 249x106 m3/year groundwater 

potential in the basin, the total water potential is calculated as 1.639x109 m3/year. The usable water potential of the basin is stated 

as 882x106 m3/year in total, of which 695x106 m3/year is surface water and 187x106 m3/year is groundwater operating reserves 

(Anonymous 2015). 

 

While there is no significant lake in the North Aegean Basin, there are still many dams in operation, under construction and 

planned. The important dams in the basin and their features are given in Table 1.  

 
Table 1- Important dams in the North Aegean Basin (Anonymous 2019) 

 
Dam name Surface area km2 Storage volume x106 m3 

Güzelhisar Dam 5.80 158.0 

Sevişler Dam 6.05 127.0 

Bayramiç Dam 5.85 86.5 

Madra Dam 2.68 79.4 

Yortanlı Dam 4.25 67.3 

Havran Dam 3.15 66.5 

Çaltıkoru Dam 1.90 46.0 

Kestel Dam 2.40 37.4 

Ayvacık Dam 3.42 30.0 

Sarıbeyler Dam 1.37 15.6 

Akçin Pond 0.70 9.0 

 

Within the scope of the North Aegean River Basin Management Plan, monitoring was carried out at 101 points in the basin 

according to the Surface Water Quality Regulation. According to the monitoring results, the water quality status of the basin has 

been determined. 

 

As a result of surface water quality evaluation; 2 water sources “bad” (3%), 11 water sources “poor” (16%), 34 water sources 

“moderate” (49%), 4 water sources “good” (6%), 2 water sources “very good” (3%), and there is no monitoring in the remaining 

16 water bodies (23%) (Anonymous 2019) 

 

When the Bakırçay River is evaluated in terms of all parameters in general, it is reported to be in class 4 water quality. Olives, 

vegetables and fruit cultivation is widely practiced in the basin. There are stone quarries and tomato paste factories in Bergama. 

There is a Thermal Power Plant in Manisa Soma and it is important in terms of environmental pollution (Anonymous 2014).  
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The potential for groundwater in the basin to be affected by climate changes will not be as high as other basins in the region 

(eg Gediz, Meander and Little Meander). According to the results of the examinations made in terms of groundwater quality, 11 

aquifers were determined as "good" and 20 aquifers were determined as "poor" in groundwater. 

 

The main problems identified in the North Aegean Basin include domestic and industrial wastewater discharged without 

treatment, septic tank water from rural areas, leakages from irregular solid waste landfills to water resources, fertilizers and 

pesticides used in agricultural activities, pollutants originating from livestock activities, mining and hydro morphological 

changes. In addition, in the olive growing facilities located in the basin the coal mining enterprises located around Manisa Soma 

cause significant environmental pressures (Anonymous 2019). 

 

3.5. Gediz basin   

 

The precipitation area of the Gediz Basin is 17 145 km² with an annual average rainfall of 585 mm. The basin receives a 

significant amount of precipitation, and most of this precipitation disembogues into the sea (Anonymous 2018d).  The population 

of the basin is just over 2 million. 

 

The annual average flow amount of the Gediz Basin is 1.09x109 m3 (2.01 L/s/km2) and covers 0.59% of Turkey's surface 

water potential. The usable water potential of the basin is determined as 545x106 m3/year; the groundwater potential of the Gediz 

Basin is 555x106 m3/year, and the groundwater operating reserve is 248x106 m3/year. Considering the 1.09x109 m3/year surface 

and 555x106 m3/year groundwater potential in the basin, the total water potential is 1.645x109 m3/year. The total usable water 

potential of the basin has been determined as 793x106 m3/year considering the groundwater operation reserve (Anonymous 

2015). 

 

The main water source of the Gediz Basin is the Gediz River. In addition, the Alaşehir Stream, Gürduk Stream, Kemalpaşa 

(Nif) Stream, Kum (Gördes) Stream, Kurşunlu Stream, Kokarazmak Stream, Gümüş Stream, Irlamaz Stream, Ağlı Stream, 

Doğucan Stream, Karacalı Stream, Zeytin Stream, Sart Stream, Ahmetli Stream, Tabakçayı Stream, Şahyar Stream, Kısık 

Stream, Medet Stream, Üçgöz Stream, Merdiven Stream, Aşağıkoçak Stream, Göbekli Stream, Gökçay, Değirmendere and 

Derbent Stream are the other most important water resources of this basin (Anonymous 2019a).  

 

The flow values measured in the basin are quite high. It has been stated that the long-term annual total flow in the Muradiye 

Bridge of the Gediz River is 1.228x109 m3, and the annual average flow is 39.134 m3/s. The annual flow of the Alaşehir Stream, 

which is one of the tributaries feeding the Gediz River, is 106x106 m3, and the annual average flow is 3.379 m3/s. The annual 

total flow of the Gördes Stream, one of the rivers feeding the Gördes Dam, is 113x106 m3 and its annual average flow is 3.61 

m3/s. When the Nif Stream, which is the most important stream of the Kemalpaşa sub-basin, is examined, the annual average 

total flow is recorded as 73.5x106 m3 with an annual average flow of 2.749 m3/s (Anonymous 2019a). 

 

The Gediz river faces a growing pollution threat resulting from industrial waste, domestic waste and also pesticides and 

artificial fertilizers from agricultural areas in the region. It is in the 4th class in terms of irrigation water quality (Öner & Çelik 

2011).  

 

The number of natural lakes in the Gediz Basin is almost non-existent. The most important natural lake in the basin is the 

Marmara, near the Marmara town of Akhisar. The storage volume of Lake Marmara is 320x106 m3. Apart from Marmara Lake, 

there are Gölcük and Sazlı Lakes as natural lakes in the basin (Anonymous 2019a). 

 

The surface area of Lake Marmara varies between 3400-6800 hectares (Girgin 2000). Pollution found in the lake originates 

from the sewage in the Gölmarmara district. Fertilizers and pesticides used in agricultural areas around the lake are transported 

to the area by surface runoff and drainage waters (Anonymous 2017). The lake water is recorded as medium salty, and of a low 

sodium irrigation water class with a pH value of 8 (Ünlü 2013).  

 

Lake Gölcük, one of the natural lakes of the Gediz Basin, is located in the middle of Bozdağlar, 22 km southwest of Salihli. 

The deepest area of the lake is 8.5 meters. Its surface area is 0.8 km2 and its volume is approximately 4x106 m3 (Ünlü 2013). 

Agricultural activities are carried out on the lands on the shores of the streams feeding the lake, and as a result of these activities, 

both the lake water level decreases and fertilizers and pesticides used for agricultural purposes pollute the lake (Anonymous 

2017). 

 

Demir (2020) in his study; By taking groundwater samples from 392 points in the Gediz Basin, irrigation water classification 

was made according to the Technical Principles of the Water Pollution Control Regulation (1999). The SAR (Sodium Adsorption 

Ratio) parameter value was found between 0-10 in 383 of the total 392 points in the basin. According to the SAR parameter, the 

groundwater in the basin are largely suitable for agricultural irrigation. The SO4 parameter recorded a value between 0-192 mg/L 

at 364 points and was included in the 1st class waters, 15 points in the 2nd class waters, and 7 points in the 3rd class waters. It has 

been determined that it is within the scope of 4th class waters at 5 points and cannot be used as 5th class waters at 1 point. In terms 

of Cl parameter; Waters are classified as 1st class waters at 378 points, 2nd class waters at 4 points, 3rd class waters at 4 points, 
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4th class waters at 3 points, and 5th class waters at 3 points. According to these results, it has been stated that the groundwaters 

of Gediz Basin are in the appropriate class in terms of agricultural irrigation, except for a few regions.  

 

3.6. Little meander basin  

 

The Little Meander Basin is the smallest basin in Turkey with a surface area of 6 963 km². The population of the basin is 3 793 

321 (Anonymous 2018e). 

 

The annual average flow in the Little Meander Basin is 540x106 m3 (2.40 L/s/km2), constituting 0.29% of Turkey's surface 

water potential. The usable part of this water is estimated to be 270x106 m3/year. The groundwater operating reserve of the Little 

Meander Basin is 185x106 m3/year and the groundwater potential is estimated to be 247x106 m3/year. Considering the 540x106 

m3/year surface and 247x106 m3/year groundwater potential in the basin, the total water potential was to be calculated as 787x106 

m3/year. The usable water potential of the basin has been determined as 455x106 m3/year, taking into account 270x106 m3/year 

usable surface water and 185x106 m3 year groundwater operating reserves (Anonymous 2015). 

 

The most important stream of the Little Meander Basin, the Little Meander River, is 129.1 km long. Other important rivers 

include the Çevlik Stream (12 km), Deveçukuru Stream (10.7 km), Keleş Stream (11.6 km), Kemer Stream (6.7 km), Kervan 

Stream (4.2 km), Kocaçay Stream (5.4 km), Manda Stream (7.7 km), Rahmanlar Menderes Stream (13.3 km), Tahtalı Stream 

(12.7 km), Udi Stream (4.7 km),  Yassı Stream (11.9 km), Boğaz Stream (16.6 km), Çay Stream (Değirmen Stream) (10.8 km), 

Değirmen Stream (10.3 km), Döşeme Stream (11.3 km), Gök Stream (22.9 km), Ilıca Stream (14.2 km), Kızılkaya Stream (10.3 

km), Koca Stream (11.7 km), Fetrek (Vişneli) Stream (13.8 km) and Aktaş Stream (8.9 km). The average annual precipitation in 

the basin is 622 mm with an average annual flow of 11.45 m3/s (Anonymous 2018e). 

 

The basin is home to both large and small lakes. The main lakes include Lake Gölcük in the west of Bozdağ, Karagöl, which 

is a typical crater lake on Yamanlar Mountain, Lake Belevi, a shallow lake between Torbalı and Selçuk, and Lake Çakal and 

Lake Gebekirse, which are made up of alluvium brought by the Little Meander River. The most important lakes in the basin and 

their characteristics are given in Table 2 (Anonymous 2017).    

 
Table 2- The important lakes of the Little Meander Basin and some of their characteristics 

 

Lake name Surface area (ha) Maximum depth (m) Storage volume (106 m3) 

Gölcük Lake 94.1 7 1.81 

Karagöl Lake 3.1 23 0.70 

Belevi Lake 192.0 3 1.50 

Çakal Lake 78.0 4 0.90 

Gebekirse Lake 96.0 5 1.50 

 

Among the lakes of the Little Meander Basin, Lake Karagöl is is a popular natural park and recreation area, while other lakes 

are used specifically for providing irrigation water. It is known that the Çakal and Gebekirse lakes are considered to be second 

quality water (slightly contaminated water) in terms of ortho phosphate phosphorus and nitrite parameters. In terms of the 

electrical conductivity parameter, it has been determined that Lake Çakal is deemed to be of the second quality (slightly 

contaminated) water class, and Lake Gebekirse third quality (contaminated) water class. In addition, Lake Gebekirse is of the 

second quality (slightly contaminated) water class in terms of its anionic detergent parameter. According to the irrigation water 

criteria, the average concentrations of temperature, pH, boron, nitrate and ammonium are below the limit values and both lake 

waters can be used for irrigation water. The electrical conductivity of the water of Lake Çakal are recorded as 925 µS/cm, and 

that of the water of Lake Gebekirse as 1 025 µS/cm (Minareci & Sungur 2019).  

 

The waters of the (Vişneli) Stream and Gelinbözü Stream, which feed the Little Meander River, are in the 4th class according 

to the chemical oxygen demand (COD) and ammonium nitrogen (NH4–N) parameters. In terms of COD, the Ilıca Stream waters 

is class 3, whereas other streams are typically classes 1-2. It is stated that all the rivers in the basin are in the 4th class in terms of 

nitrite nitrogen (NO2-N) and in the 1st class in terms of nitrate nitrogen (NO3-N). According to group A (physical and inorganic 

pollutants) parameters, the water quality was found to be in the 4th class due to nitrite nitrogen (NO2-N). In the evaluation made 

in terms of Biochemical Oxygen Demand (BOD) for group B (organic) parameters, the Little Meander River, Fetrek Stream, 

Gelinbözü Stream were in the 4th class, and the other creeks (with the exception of the Aktaş Stream, which was in the 2nd class) 

were in the 3rd class. In the evaluation of group C (inorganic pollution) parameters of all streams and creeks in the basin, it was 

observed that the waters were generally in the 3rd and 4th classes. There is very important organic and inorganic pollution in the 

Little Meander River after Beydağ district. For COD, BOD, NH4-N, dissolved oxygen, color and boron parameters, the river is 

in the 4th class, that is, very polluted category. In addition, it is recorded as in the 3rd class in terms of iron, manganese and 

fluoride. In summary, in the evaluation made in terms of water quality in the rivers in the basin, the Little Meander River can be 

described as in the very polluted water category in terms of its organic matter, nitrogen, color, dissolved oxygen and salinity 

values. This situation is one of the most serious problems seen in the basin. In the Fetrek (Vişneli) Stream, after the Torbalı 

district, there are extreme values in terms of many parameters such as organic matter, nitrogen, color, dissolved oxygen, salinity, 
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fluoride, manganese and boron. The Fetrek Stream is in the category of highly polluted water and is the most problematic stream 

in the basin, thus increasing the pollution in the Little Meander River. The Gelinbözü Stream is in the very polluted water 

category in terms of organic matter, nitrogen and color parameters, and in the polluted or very polluted category in terms of 

dissolved oxygen, total coliform, color and iron parameters (Anonymous 2015). 

 

Since the surface water potential is insufficient in the Little Meander Basin, the sustainability of agricultural production 

depends entirely on the use of groundwater. Reducing this dependence on groundwater in agricultural production may be possible 

by expanding the use of pressurized irrigation systems in agriculture.  

 

In the Little Meander Basin, groundwater is widely used for drinking, irrigation and industrial purposes. The distribution of 

total groundwater use in the basin by sectors is 78% irrigation, 20% drinking and utilization and 2% industry (Tol 2021).  

 

The wastes of surface and groundwaters used for irrigation, urban and industrial purposes in the basin are returned to the 

environment as wastewater. In particular, in this basin, which suffers from water shortage, the possibility of reusing the 

wastewater for certain purposes after treatment is of great importance in terms of the sustainability of the basin's water resources. 

 

The groundwater resources of the Little Meander Basin face not only the problem of overexploitation but also pollution. 

Urban and industrial wastewater discharged to surface water resources without treatment, drainage waters containing fertilizer 

and pesticide residues returning from agricultural activities, animal wastes from livestock facilities, irregular dumping sites, 

wastes from olive processing and mining facilities, waste geothermal fluid discharge in geothermal fields, are sources of pollution 

which impact groundwater. 

 

3.7. Meander basin 

 

The precipitation area of the Meander Basin is 25 960 km². The average annual precipitation in the Meander Basin is about 637 

mm. Estimated total runoff of the Meander Basin, including surface and groundwater bodies, is 2.673x109 m3 per year. Almost 

all of this amount is used. On average, 2.414x109 m3 is used for irrigation, 184x106 m3 for residential use and 72x106 m3 for 

industrial purposes per year (Anonymous 2018f).  The population living in the basin is recorded as 2 283 812 people. 

 

The groundwater operating reserve of the Meander Basin is 700x106 m3/year and the groundwater potential is estimated to 

be around 933x106 m3/year. Considering the 2x109 m3/year surface and 933x106 m3/year groundwater potential in the basin, the 

total basin water potential was calculated as 2.933x109 m3/year (Anonymous 2015). 

 

The Meander River is both the main river in the basin and the longest river in the Aegean Region. This river originates from 

springs flowing from the plains between Sandıklı, Dinar, Çivril and Honaz in Western Anatolia. The Meander River is fed by 

the waters that fill Lake Işıklı. The river is fed by many tributaries (Anonymous 2018f). It takes the Banaz Stream from Uşak 

and the Çine Stream from Muğla and flows into the Aegean Sea. The average flow of the river is approximately 110 m3/s. Since 

the river is mostly fed by winter precipitation, the highest flow rate is determined in January and February (average 164 m3/s). 

In summer, the quantity of water that makes up the natural flow of the stream is very low (Yenici 2010). 

 

The Banaz, Akçay, Kufi, Dokuzsele, Geyre (Dandalaz), Dipsiz, Çine and Hamam rivers can be listed as the most important 

rivers of the basin (Anonymous 2018f).    

 

The natural lakes in the basin are Lake Bafa, Lake Işıklı and Lake Azap (Anonymous 2017).  

 

Lake Bafa is a lagoon lake and is located in the southeast of the Meander Delta. The total area of the lake is 7 088 ha, its 

altitude is 10 m from the sea level, its circumference is 50 km and its distance to the sea is 17 km. The lake is characterised by 

its large and small island found within the waters of the lake. The main source feeding the lake is the Meander River (Anonymous 

2017).  

 

Lake Işıklı (Çivril Lake) is a 4 976 ha lake located in the south of Akdağ within the borders of the Çivril district of Denizli. 

In 1968, the western, southern and eastern shores of the lake were surrounded by a set; later, the lake became a dam lake. Lake 

Çivril is today used as a reservoir for large-scale irrigation in the surrounding plains (Anonymous 2017).   

 

Lake Azap is popular destination for many domestic and foreign bird watchers, especially in the winter months, as it has a 

rich ecosystem where aquatic creatures such as the reed rat and the whitetail eagle inhabit. Although the total area covered by 

the lake is 166 ha, almost all of the lake had dried up by 2007; however, in 2008 the lake began to slowly fill up again 

(Anonymous 2017).  

 

Yenici (2010) evaluated the measurement results at State Hydraulic Works (SHW) stations between 2003 and 2008 and 

determined the water quality of the basin according to the classes defined in the Water Pollution Control Regulation. When the 
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analysis results of the samples taken from the stations in the Meander River Basin are evaluated; It has been stated that there is 

no class 1, that is, high quality water in the basin. It has been determined that the water quality in the basin is generally class 4. 

 

One of the most significant problems faced in terms of water quality in the basin’s rivers is the excessive organic matter, 

nitrogen, pH and heavy metal pollution and oxygen deficiency in the Gökpınar Stream originating from Denizli. An additional 

problem is the salinity added to the organic matter and nitrogen pollution in the Çürüksu Stream and the Meander River on the 

Denizli-Sarayköy-Kuyucak line. In addition, excessive organic matter and nitrogen pollution, salinity and oxygen deficiency 

originating from Uşak in the Dokuzsele Creek (before Banaz Stream) and significant salinity, organic matter and boron pollution 

in Gümüşçay (around Ortaklar-Söke) can be listed as significant issues faced (Anonymous 2015). 

 

3.8. Western Mediterranean basin  

 

The precipitation area of this basin is 20 956 km². The surface water resources of the Western Mediterranean Basin are largely 

composed of rivers including the Alakır Stream, Akçay, Demre Stream, Eşen Stream, Kargıcak Stream, Dalaman Stream, 

Yuvarlakçay Stream, Namnam Stream, Kazandere Stream, Kocaalan Stream, Değirmendere Stream, Kocaçay Stream, Gerin 

Stream, Batış Stream, Koca Stream, Sarıçay Stream, Hamzabey Stream, Kurbanlı Stream, Kandak Stream and Derince Stream 

(Anonymous 2018g).  The population living in the basin is around 1.25 million. 

 

Natural lakes in the Western Mediterranean Basin include Lake Köyceğiz, Lake Gölhisar, Lake Avlan, Lake Girdev, Kocagöl 

and Lake Yazır (Anonymous 2017). 

 

Lake Köyceğiz is Turkey's 16th largest lake with an area of 52 km². It is situated 8 meters above sea level. The sulphur content 

of the lake water is high. The lake water, which is polluted by mixing with domestic wastewater, is also polluted by agricultural 

pollutants from the agricultural areas found around the lake. The salinity in the lake, which is connected to the sea, is very high 

in places, and the electrical conductivity varies between 4 dS/m and 65 dS/m (Ceviz 2020).   

 

Lake Avlan, which serves as an important station on bird migration routes and has international importance, was completely 

dried in the 1970s in order to expand on the region’s agricultural land. Agricultural activities were carried out in the lake area 

for a while, but as of 2001, water was started to be kept in the lake again in order to re-create the lake. Around 2004, the lake 

started to dry up again. It may even become impossible for fish to survive in the lake, which tends to dry out especially in 

summer. The area of the lake, which is one of the few reclaimed wetlands in the world, is currently 797 ha (Anonymous 2018h). 

  

Lake Gölhisar has an area of 459 ha and is located in the Gölhisar District of Burdur Province. There is plenty of catfish 

fishing in the lake. The lake is situated 1000 meters above sea level and has a maximum depth of 10 meters and is surrounded 

by reeds. The lake is eutrophic and under the threat of drought (Anonymous 2017). The lake waters have C2S1 quality class and 

can be used for the irrigation of all cultivated plants with the exception of salinity sensitive plants (Anonymous 2018h).  

 

Mumcular Dam is a dam built between 1986 and 1989 on Kocadere in Muğla for irrigation and drinking water purposes. The 

body volume of the earthfill dam is 986 000 m³, its height from the river bed is 32 m, the lake volume at a normal water level is 

19.04x106 m³, and the lake area at a normal water level is 1.42 km². While the dam provides irrigation water to an area of 1 365 

hectares, it also provides drinking water at 10x106 m³ per year.  

 

Alakır Dam is a dam built between 1967 and 1971 for irrigation and flood control purposes on the Alakır Stream in Antalya. 

The body volume of the dam, which is a rock body fill type, is 1.6x106 m³, its height from the river bed is 44.5 m, the lake 

volume at a normal water level is 91.75x106 m3, and the lake surface area at a normal water level is 4.28 km². It provides irrigation 

water to an area of 3 262 hectares. 

 

Çayboğazı Dam is a dam built between 1996 and 2000 for irrigation purposes on the Çayboğazı Stream in Antalya. The body 

volume of the dam, which is an earth body fill type, is 10.7x106 m³, its height from the river bed is 79 m, the lake volume at a 

normal water level is 56x106 m³, and the lake area at a normal water level is 2.25 km². The dam provides irrigation water to an 

area of 13 848 hectares. 

 

Yapraklı Dam is a dam built between 1985 and 1991 for irrigation purposes on Horzum Stream in Burdur. The body volume 

of the dam, which is an earth body fill type, is 1.6x106 m³, its height from the river bed is 70 m, the lake volume at a normal 

water level is 113x106 m³, and the lake area at a normal water level is 6.5 km². The dam provides irrigation water to an area of 

19 576 hectares.  

 

Çavdır Dam is a dam built between 1993 and 1996 for irrigation purposes on the Bayır Stream in Burdur. The body volume 

of the dam, which is a rock body fill type, is 2.6x106 m³, its height from the river bed is 60 m, the lake volume at a normal water 

level is 36.42x106 m³, and the lake area at a normal water level is 1.94 km². The dam provides irrigation water to an area of 4 

254 hectares.  
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Belkaya Dam is a dam built between 1993 and 2003 for irrigation purposes on the Aksu Stream in Burdur. The body volume 

of the dam, which is an earth body fill type, is 1.4x106 m³, its height from the river bed is 68 m, the lake volume at a normal 

water level is 56x106 m³, and the lake area at normal water level is 5.2 km². The dam provides irrigation water to an area of 4 

545 hectares. The dam water is in the C2S1 class in terms of quality.  

 

Geyik Dam in the same basin is a dam built for the purposes of drinking water between 1986 and 1988 the Sarıçay in Milas 

district of Muğla. The body volume of the dam, which is a rock body fill type, is 260 000 m³, its height from the river bed is 41 

m, the lake volume at a normal water level is 40.8x106 m³, and the lake area at a normal water level is 3.74 km². The dam provides 

38x106 m³ of drinking water per year and serves the Yeniköy Thermal Power Plant between Milas and Ören.  

 

Akgedik Dam is a dam constructed for irrigation purposes on the Sarıçay in Muğla. The dam has a rock body filling type 

with a height of 51 m above the river bed and a lake volume of 31 hm³ at a normal water level. The drainage area is approximately 

93 km2 (Aydın & Aydın 2006). 

 

The annual average flow amount in the Western Mediterranean Basin is 7.11x109 m3 (9.97 L/s/km2), constituting 3.87% of 

Turkey's surface water potential. The usable part of this water is estimated to be 3.555x109 m3/year. The groundwater operating 

reserve of the Western Mediterranean Basin is 317x106 m3/year, and the groundwater potential is 473x106 m3/year. Considering 

the 7.11x109 m3/year surface and 473x106 m3/year groundwater potential in the basin, the total water potential was calculated as 

7.583x109 m3/year. The usable water potential of the basin is calculated as 3.872x109 m3/year, considering 3.555x109 m3/year 

usable surface water and 317x106 m3/year groundwater operating reserves (Anonymous 2015). 

 

The waters of the Western Mediterranean Basin are in the 1st and 2nd classes in terms of COD and BOD. However, it is 

designated as class 3 in terms of COD and BOD at the Mumcular and Geyik Dam outlets, and class 3 in terms of BOD at the 

Akgedik Dam outlet. In terms of ammonium nitrogen (NH4-N), the waters in the basin are in the 1st and 2nd class quality, while 

in terms of nitrate nitrogen (NO3-N), the waters in the basin are in the 1st class. In terms of nitrite nitrogen (NO2-N), although 

most station values are in the 1st or 2nd class, this parameter is in the 3rd and 4th class levels in the Çavdır Stream, Dalaman Stream, 

Namnam Stream, Sarıçay Stream, Kocadere Stream, Esen Stream and Hamzabey Stream. The total phosphorus (TP) parameter 

is not measured at most stations, but is at the 2nd class level in the Çavdır and Dalaman Streams and Başpınar springs (Anonymous 

2015). 

 

3.9. Antalya basin  

 

The precipitation area of the Antalya Basin is 20 249 km² with an average precipitation value of the basin is 973.7 mm. The total 

annual average water potential of the Antalya Basin is over 10x109 m3. This potential is approximately 30% higher than the 

water potential of the Seyhan Basin, which is approximately 22 000 km², and the Yeşilırmak Basin, which is approximately 38 

000 km². These data are indicative of the high water yield of the Antalya Basin (Anonymous 2016). The population of the basin 

area is recorded to be more than 2 million. 

 

The annual average flow for Antalya Basin is 13x109 m3 (27.96 L/s/km2), constituting 6.97% of the total runoff in the basins. 

The usable quantity of this water is estimated as 6.5x109 m3/year. The groundwater potential of Antalya Basin is 1.1x109 m3/year, 

and the groundwater operating reserve is 526x106 m3/year. Considering the 13x109 m3/year surface and 1.1x109 m3/year 

groundwater potential in the basin, the total water potential is calculated as 14.1x109 m3/year. The usable water potential of the 

basin is expressed as 7.03x109 m3/year, taking into account 6.5x109 m3/year usable surface water and 526x106 m3/year 

groundwater operating reserves (Anonymous 2015). 

 

The most important rivers of the region are the Köprüçay River, Manavgat River, Aksu Stream, Alara Stream, Kargı Stream, 

Dim Stream, Karpuz Stream, Acısu Stream, Sarısu Stream, Kömürcüler and Ilıca streams.  

 

The largest and most important lake of the basin is Lake Eğirdir, followed by Lakes Kovada, İlvat and Dipsiz. 

 

Lake Eğirdir is in the Western Mediterranean part of Turkey, within the borders of the province of Isparta, surrounded by the 

districts of Eğirdir, Senirkent, Yalvaç and Gelendost. Lake Eğirdir has an area of 45 633 ha of tectonic origin extending in the 

north-south direction, in the north of the Eğirdir district. Lake Egirdir is considered as a hot spot because it is used as a drinking 

water source. 

 

The surface area of Kovada Lake is 929 hectares. The water entering Lake Kovada through a channel is taken through a 

bypass channel and given to the hydroelectric power plant channel. For this reason, when the water input to the lake decreased, 

the lake level decreased. 

 

Oruçoğlu & Beyhan (2019) evaluated the water samples taken monthly in 2016 in the Lakes Region of Turkey and located 

within the borders of the 18th Regional Directorate of State Hydraulic Works, in accordance with the Water Pollution Control 
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Regulation in force. In the results of working, it has been reported that Lakes Eğirdir and Kovada have 1st class water quality in 

terms of their freshwater characteristics. 

 

When the Antalya Basin is evaluated in terms of its water quality in general, the quality of the water resources in the basin is 

predominantly less polluted water quality (Anonymous 2015). 

 

The most important factor in the decrease in the water quality of the basin is the wastewater discharged without domestic 

treatment. Activities such as nitrogen and phosphorus fertilizer applications used for agricultural activities and cage fishing in 

the lakes negatively affect the water quality in the basin (Anonymous 2018i). 

 

Within the scope of the Antalya Basin Drought Management Plan, 1 of the 46 stations evaluated in the basin in terms of 

irrigation water quality is 1st class, 4 of them are 3rd class, and the remaining 41 stations have been designated 2nd class. Since 

two of the four stations designated as 3rd class irrigation water are found to be effluent downstream of the wastewater treatment 

plant, the other two stations are of low quality because of their high electrical conductivity values due to their being fed from 

karstic sources and coastal water intrusion. 

 

Half of the Antalya Basin groundwater reserve has been determined as the safe groundwater reserve for the entire basin. 

Groundwater use in the basin is produced through wells. In places where there is no surface water source, agricultural irrigation 

is completely dependent on groundwater (SHW 2016).  

 

The groundwater recharge of basins occurs in three basic ways: by direct infiltration from the surface during and after 

precipitation, by infiltration from water transmission and distribution lines, and by groundwater from neighboring basins. In this 

case, the total groundwater reserve in the Antalya Basin can reach 4.3x109 m³/year, which is higher than the known the operable 

amount (SHW 2016). 

 

3.10. Burdur closed basin 

 

The Burdur Closed Basin is the second smallest basin in Turkey comprising 6 294 km². The annual precipitation of the basin is 

508.7 mm (Anonymous 2019b). In terms of population, it is the lowest recorded population area with 214 715 inhabitants. 

 

The annual average flow for the Burdur Closed Basin is 250x106 m3 (0.91 L/s/km2), constituting 0.14% of Turkey's surface 

water potential. The usable part of this water is 125x106 m3/year. The groundwater operating reserve of Burdur Closed Basin is 

43x106 m3/year and its groundwater potential is 57x106 m3/year. Considering the 250x106 m3/year surface and 57x106 m3/year 

groundwater potential in the basin, the total water potential was calculated as 307x106 m3/year. The usable water potential of the 

basin is determined as 168x106 m3/year considering 125x106 m3/year usable surface water and 43x106 m3/year groundwater 

operating reserves (Anonymous 2015). 

 

The regimes of the streams in the basin are quite irregular; streams in the basin include the Bozçay (Eren) Stream, Değirmen 

Stream, Sarı Stream, Yayla Stream, Domuz (Elmacık) Stream, Menevşeli (Kent) Stream, Özdere Stream, Karapınar Stream, 

Ulupınar Stream, and Çolakboğazı Stream (Anonymous 2019b).  

 

The lakes in the Burdur Closed Basin include Lake Burdur, Lake Salda, Lake Acıgöl, Lake Sıralı and Lake Karataş.  

 

Lake Burdur is one of the important lakes of the basin and is located between the provinces of Burdur and Isparta. The 

average lake area is 20 311 ha with an altitude of 857 meters. Lake Burdur is structurally tectonic and mesotrophic - eutrophic 

in terms of eutrophication. The water of Lake Burdur is insuitable for drinking, domestic, industrial and agricultural use. Due to 

the high sodium, sulfate and chloride content in its water, plant species diversity is low and only a few species of fish inhabit the 

lakes waters. The salinity rate is high and the Burdur toothed carp has adapted to it.     

 

Lake Salda is a slightly salty tectonic lake surrounded by forest-covered hills, rocky lands and small alluvial plains, with a 

surface area of 4 451 ha. The waters of the streams feeding the lake are used for the irrigation of agricultural lands in the basin. 

 

Acıgöl, located in the Çardak district of Denizli province. Acıgöl is the second saltiest lake in Turkey after Lake Salt. Intensive 

agriculture is conducted on the plain in the Başmakçı region. The lands around the lake, especially the eastern and northeastern 

shores, are used as pasture. 

 

Lake Yarışlı is a shallow lake with high sodium phosphate, sodium chloride and sodium sulfate concentrations. The lake is 

surrounded by agricultural areas where cereals and poppies are cultivated in the west and north. The natural vegetation around 

the lake has been removed by converting it into agricultural land. Wind and water erosion have become a significant problem in 

the agricultural lands around the lake, and have been caused by inappropriate agricultural practices. Fresh water resources feeding 

the lake are used in agricultural irrigation. 
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Lake Karataş is located in the south of Burdur province and northeast of Tefenni Plain. The lake is a shallow freshwater lake 

with a surface area of 526 ha. In addition to agriculture, commercial fishing is practiced on the lake. The most significant problem 

of the lake is its insufficient water level due to the lack of precipitation and the drying up of the sources feeding the lake 

(Anonymous 2017).  

 

3.11. Akarçay basin  

 

The Akarçay Basin is the 4th smallest basin constituting 7 995 km², and the 3rd least populated basin with a population of 725 

568 (Tüik 2019).  

 

The average precipitation value of the Akarçay Basin is 436.1 mm/year. The Akarçay Basin is a very poor basin in terms of 

surface and groundwater resources. It is important to know the characteristics of the sub-basins for both water management and 

land use. The Akarçay Basin is studied as two sub-basins. The area where the Akarçay river starts from the point where it 

originates and flows into the Eber Lake is defined as the Upper Akarçay (Eber) Sub-Basin. This upper basin (Lake Eber Basin) 

covers an area of 5 660.5 km2. The second sub-basin located further down is the Lower Akarçay (Akşehir) Basin, which can be 

defined as the branches feeding Lake Akşehir and the area surrounded by these branches. This sub-basin area is approximately 

2 334.5 km2 (Anonymous 2019c).   

 

The annual average flow in the Akarçay Basin is 260x106 m3 (0.97 L/s/km2), constituting 0.14% of Turkey's surface water 

potential. The usable part of this water is estimated as 130x106 m3/year. The groundwater potential of the Akarçay Basin is 

188x106 m3/year, and the groundwater operating reserve is 182x106 m3/year. Considering the 260x106 m3/year surface and 

188x106 m3/year groundwater potential in the basin, the total water potential is calculated as 448x106 m3/year. Considering the 

130x106 m3/year usable surface water and 182x106 m3/year groundwater operating reserves, it has been recorded that the usable 

water potential of the basin is 312x106 m3/year (Anonymous 2015). 

 

The important streams of the basin are the Akarçay River, Aksu (Araplı) Stream, Seydiler (Kuruçay) Stream, Çayözü Stream 

and Kali Stream (Anonymous 2019c).  

 

The main source of the Akarçay River is the Aksu (Arablı) Stream. The waters of the Seyitler (Kuruçay) Stream originating 

from the north, the Çayözü Stream waters originating from the north and the Kali Stream waters originating from the south join 

the Akarçay River and disembogues into Lake Eber (Anonymous 2019c).  

 

Kıvrak et al. (2012) took water samples every month from March to December 2008 at four different stations to determine 

the water quality of the Akarçay. Their analyses of the water samples found that the pH of the river was between 7.4 and 8.7. 

They stated that this fluctuation in pH values was caused by the effect of pollution rather than the geological structure. The 

electrical conductivity values of the samples were found to be generally high in all stations during the summer months. In 

particular, the electrical conductivity and water temperature were recorded at a record level at the 2nd station. In this station, their 

research found that the thermal facilities' discharge of waste water to the Akarçay River had a significant effect on the increase 

in the electrical conductivity and temperature of the river water at this station. They found that the high EC values at other 

stations were closely related to the levels of pollution in the river by domestic and industrial waste. 

 

The natural lakes in the basin are Lakes Eber and Akşehir. Lake Eber is an important source of irrigation and drinking water in 

the southwest of Turkey and is also a 1st Degree Natural Protected Area. It is a tectonic lake with an altitude of 966 m, located 

65 km from the city center of Afyonkarahisar. The most important source feeding Lake Eber is the Akarçay River. Gümüş et al. 

(2020), determined the average conductivity value of the lake to be 1.740 (0.697-2.590 dS/m).  

 

While Lake Eber used to be a single large lake that included the waters of Lake Akşehir; with the decrease of water resources 

over time, Lake Akşehir was separated from Lake Eber and formed a separate lake. It still transfers water from Lake Eber to 

Akşehir Lake through a channel. Today, with the effect of global warming and especially the unconscious use of water resources, 

the lake has begun to shrink in size. For this reason, the water flowing into Lake Akşehir was stopped, which caused the waters 

of Lake Akşehir to be withdrawn. For this reason, the lake, which is one of the most beautiful lakes in Turkey, is in danger of 

drying out.   

 

Lake Akşehir, like Lake Eber, is located in the depression area between the Sultan Mountains and Mount Emir. It is located 

10.2 km away from the Akşehir District and is the fifth largest lake in Turkey. Administratively, it is located within the borders 

of Konya and Afyonkarahisar provinces. Since it is in a closed basin, it has no outflow (Elmacı & Obalı 1998). 

 

Lakes Eber and Akşehir, which form the downstream of the Afyonkarahisar-Akarçay Basin, which is a bowl basin, are not 

suitable for drinking and domestic use of water quality. COD and BOD values, which are important parameters indicating organic 

pollution in the Akarçay Basin, are predominantly of class 4 quality. When the basin is evaluated in terms of water quality in 

general, it is deemed to be dirty or very polluted (Anonymous 2015).  
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3.12. Sakarya basin  

 

The Sakarya Basin is the third largest basin constituting 6 3303 km². Ankara, the second most populous city of Turkey, is located 

in this basin, and the total municipal population in the basin is 7 034 906. The annual average precipitation value of the basin is 

850.2 mm (Anonymous 2019d).  

 

The average annual flow value of the Sakarya Basin is 5.02x109 m3 (2.82 L/s/km2), which corresponds to 2.73% of Turkey's 

surface water potential. The usable part of this water is estimated to be 2.51x109 m3/year. The groundwater potential of the 

Sakarya Basin is recorded as 2.192x109 m3/year, with a groundwater operating reserve of 1.519x109 m3/year. Considering the 

5.02x109 m3/year surface and 2.192x109 m3/year groundwater potential in the basin, the total water potential has been calculated 

as 7.21x109 m3/year. The usable water potential of the basin has been determined to be 4.03x109 m3/year considering 2.51x109 

m3/year usable surface water and 1.519x109 m3/year groundwater operating reserves (Anonymous 2015). 

 

There are many streams in the Sakarya Basin. The waters of these streams flow into the Black Sea via the Sakarya River. 

Important streams feeding the Sakarya River include the Porsuk Stream, Kirmir Stream, Ankara Stream, Mudurnu Stream, Seydi 

Stream, Göksu Stream, Gökpınar Stream, Aladağ Stream, Karasu Stream, Göynük Stream, Çark Stream, Bardakçı Stream, 

Ilıcaözü Stream, Nallıdere Stream, Çatak Stream and Değirmendere Stream (Anonymous 2019d).  

 

Lakes in the Sakarya Basin include Lake Mogan, Lake Poyrazlar, Lake Ilgın, Lake Eymir, Lake Taşkısığı, Lake Balıkdamı, 

Lake Çubuk, Lake Sünnet, Lake Uyuz, Lake Sapanca, Lake Akgöl, Lake Küçük Akgöl and Lake Acarlar (Anonymous 2017).  

 

Lake Mogan is situated 17 km south of Ankara. The altitude of the lake is 972 m above sea level, the lake area at a normal 

water level is 6.64 km2, the average depth of the lake is 3-5 m, and the lake volume at a normal water level is 13.34x106 m3. The 

groundwater recharge of Lake Mogan is quite low, and the water inflow is through streams with an irregular regime, which 

typically dry up in the summer months. Lake Mogan is situated within the Gölbaşı Special Environmental Protection Area and 

is also one of the important bird areas in the country nominated for Ramsar (Anonymous 2017).  

 

Lake Sapanca takes its name from Sapanca, the town of Sakarya in the south. Lake Sapanca, one of the few lakes in the world 

with high quality drinkable features, is the only source of drinking and domestic water for Sakarya Province and an important 

source for Kocaeli Province. The surface area of the lake is 4 771 ha, the surface altitude is 31 m above sea level, and the deepest 

point is 61 m. Lake Sapanca, which has a precipitation area of 252 km2, has an average of 75 cm level change per year. During 

the rainy months of the year, the covers of the Çark Creek are opened and the level of the lake is kept in balance. Sapanca Lake 

is an important wetland where tens of thousands of migratory birds stay migrate to every year, as well as being a source of 

drinking and utility water (Anonymous 2017).   

 

In terms of COD and BOD, which are important parameters that show organic pollution in the Sakarya Basin, the waters of 

the Porsuk Stream, Karasu Stream and Çarksuyu Stream and Kalburt Göksu Stream are predominantly of the 4th class (highly 

polluted water), while the waters of the Sakarya River and its other branches are deemed 2nd class (less polluted water) or 3rd 

class (dirty water). In terms of NH4-N, which is one of the important nitrogen parameters, the waters of the Porsuk Stream, 

Karasu Stream and Çarksuyu Stream are in the 4th class, and the water of the Kalburt Göksu Stream and the creeks feeding it 

varies between 2nd and 4th class. In the Sakarya River and its other branches, the pollution level is predominantly at a 2nd class 

level. In terms of NO3-N parameter, the basin in general is predominantly class 1 (clean water) quality.  However, nitrate pollution 

at the 3rd and 4th class levels was determined at the stations in the Çubuk Stream, Sukesen Stream, Kadıköy Stream and Bayındır 

Stream. In terms of total phosphorus parameter, while the waters in the Sakarya River were 1st and 2nd class before the addition 

of the Porsuk Stream, it turns becomes 3rd class water after the addition of the Porsuk Stream. After the addition of the Ankara 

Stream, the waters become more polluted and take the 4th class feature. After the addition of Karasu and Kalburt Göksu Streams, 

it was determined that the water quality improved slightly and turned could be deemed to be of a 3rd class level.  

 

In terms of total phosphorus, the Porsuk Stream shows grades ranging from 2 to 4, but before the Porsuk Dam and before the 

Sakarya River, the quality completely turns into 4th class pollution. The total phosphorus was determined to be class 4 in the 

Ankara Stream, Karasu Stream, Kalburt Göksu Stream and Çarksuyu Stream. In other branches, it is typically at the 1st and 2nd 

class levels. When the basin is evaluated in terms of water quality in general, it can be said that the Sakarya River and the 

important streams that feed it, the Porsuk Stream, Karasu Stream, Çarksuyu Stream, Kalburt Göksu Stream, Ankara Stream and 

Çubuk Stream have polluted or very polluted water quality in terms of different parameters. The Sakarya River, especially after 

the addition of the Porsuk and Ankara Streams, shows dirty or very polluted features in terms of organic matter, ammonium 

nitrogen, total phosphorus as well as conductivity, inorganic parameters, boron and certain metals (Anonymous 2015). 

 

3.13. Western black sea basin 

 

The Western Black Sea Basin has a precipitation area of 28 855 km² and an annual precipitation level of 774.05 mm (Anonymous 

2019e). The basin is the 5th most populated basin in Turkey with a population of approximately 3.8 million. 
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The annual average flow value of the Western Black Sea Basin is 9.36x109 m3 (9.99 L/s/km2), constituting 5.09% of 

Turkey's surface water potential. The usable part of this water is estimated to be 4.68x109 m3/year. The groundwater operating 

reserve of the Western Black Sea Basin is recorded as 412x106 m3/year, with a groundwater potential of 416x106 m3/year. 

Considering the 9.36x109 m3/year surface and 416x106 m3/year groundwater potential in the basin, the total water potential is 

9.78x109 m3/year. Considering the 4.68x109 m3/year usable surface water and 412x106 m3/year groundwater operating 

reserves, usable water was determined as 5.09x109 m3/year (Anonymous 2015). 

 

The streams in the Western Black Sea Basin include the Filyos Stream, Bartın River, Ovaçayı and İnönü Streams, Küçük 

Melen Stream, Asar Stream, Uğur Stream, Aksu Stream, Büyük Melen Stream, Gülüç Stream, Devrek River, Alaplı River, 

Üzülmez Stream and Kozlu Stream (Anonymous 2019e).  

 

The natural lakes in the basin include Lake Abant, Lake Sarıkum, Lake Yeniçağa and Lake Efteni.  

 

Lake Abant, located 30 km southwest of Bolu in the Western Black Sea region, is a landslide set lake in terms of formation. 

The lake is located at an altitude of 1 345 m above sea level, its maximum depth is 18 m and its surface area is 125 ha. Lake 

Abant was taken under protection on October 21, 1988 by the National Parks Law No. 2873 dated 9 August 1983 and declared 

a "Nature Park" (Atıcı & Obalı 2002; Müderrisoğlu et al. 2005).  

 

Lake Sarıkum is located between Sinop and Ayancık. The lake is a lagoon lake and its depth varies between 0.5-1 m. The 

entire area of the lake comprises 785 ha, and the lake surface area, which is especially important as a habitat for waterbirds, is 

102 ha, as well as a swamp area of 82 ha. The lake was declared a 1st Degree Natural Protected Area in 1991 (Yılmaz 2005). The 

Black Sea climate effect is observed in the region (Özkoç et al. 2019). 

 

Hasançavuşoğlu & Gündoğdu (2021) reported that the physico-chemical structure of Lake Sarıkum deteriorated due to the 

discharge of domestic wastewater into the lake and the natural and artificial fertilizers used in the agricultural areas around the 

lake entering the lake. In addition, they stated that there was an increase in the level of salinity due to the mixing of sea water 

with lake water from the connection channel of the lake and the sea.  

 

Lake Yeniçağa is located in the Yeniçağa district of Bolu. The lake is of great economic importance because of fishery. Tunca 

et al. (2012) measured the EC value of the lake as 0.439 dS/m in their study. 

 

Lake Efteni, located in the southwest of Düzce city center and 14 km away from the center, is located at 40º45' N latitude – 

31º 03' E longitude. Lake Efteni wetland is within the drainage area of the Düzce plain formed by the Melen Stream and many 

surface waters of the Melen Sub-basin within the Western Black Sea Basin. The elevation of the area above sea level is 

approximately 115 m. The lake area decreases to 5 km2 when the waters recedes, and it can reach up to 25 km2 in times of 

flooding. The lakes water is recorded as being in the "medium saline waters" class and can be used for irrigation puposes, and 

are of the "C2S1" class (Şener & Kırlangıç 2014).  

 

Many water sources in the Western Black Sea Basin are classified as either 1st (clean) or 2nd (less polluted) in terms of COD 

and BOD, which are important parameters indicating organic pollution. In terms of COD parameter, the Gerede Stream is in the 

3rd class (dirty water) in the Bahçedere region. However, in terms of BOD parameter, the Gerede Stream, Büyüksu Stream, 

Devrek Stream, Markusa Stream, Mudurnu Stream, Ulusu Stream and Zonguldak Acılık Stream are in the 3 rd or 4th Class, that 

is, in the polluted or highly polluted water class. When the basin is evaluated in terms of water quality in general the water 

resources in the basin consist of 4th class, 3rd class and 2nd class waters. However, due to parameters such as iron, ammonium 

nitrogen, nitrite, total phosphorus, dissolved oxygen, sodium, chloride and sulfate, the water quality in some of the above-

mentioned streams is classified as contaminated or very polluted (Anonymous 2015). 

 

3.14. Yeşilırmak basin  

 

The Yeşilırmak catchment area is 39 595 km² with a population of around 3 million. The rivers in the region include the 

Yeşilırmak River, Çekerek River, Tersakan Stream, Kelkit Stream, Abdal River, Kürtün River, Engiz Stream and Derinöz Stream 

(Anonymous 2015a). 

 

According to the data from the General Directorate of Meteorology, the Yeşilırmak Basin has an annual precipitation value 

of 646 mm (Kale 2018). The annual average flow in the Yeşilırmak Basin is 5.28x109 m3 (4.63 L/s/km2), constituting 2.87% of 

Turkey's surface water potential. The usable part of this water is 2.64x109 m3/year. The groundwater potential of the Yeşilırmak 

Basin is 609x106 m3/year and the groundwater operating reserve is 456x106 m3/year. Considering the 5.28x109 m3/year surface 

and 609x106 m3/year groundwater potential in the basin, the total water potential is 5.9x109 m3/year. The usable water potential 

of the basin is calculated as 3.1x109 m3/year considering the 2.64x109 m3/year usable surface water and 456x106 m3/year 

groundwater operating reserves (Anonymous 2015). 
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The number of dam lakes in the Yeşilırmak Basin is high. The most important of these are the Hasan Uğurlu, Almus, Çakmak, 

Kılıçkaya, Süreyyabey and Koçhisar dam lakes. These dam lakes meet the demand for irrigation, drinking, industrial and utility 

water in addition to hydroelectric power generation. 

 

The natural lakes in the basin are Lakes Ladik and Simenli. Winter precipitation waters stored in lake Ladik are left to the 

Tersakan River from the regulator on the outlet side in summer and used in Amasya-Suluova irrigation project area. The water 

altitude of the lake varies between 861 m and 867 m. The lake waters are fed by waters flowing from Akdağ, which is located at 

an elevation of 2 050 m, and by side streams.   

 

One of the most significant problems in terms of surface water pollution in the Yeşilırmak Basin is that the Tersakan and 

Çorum Streams are highly polluted in terms of organic matter and ammonium nitrogen due to the wastewater discharges they 

are exposed to. There is significant organic matter pollution in the Boğazköy area, which is close to the downstream of Tersakan 

Stream, especially before it confluence with Yeşilırmak. Pollution load concentration becomes even more evident during dry 

periods. In addition, dissolved oxygen, sulfate, total dissolved matter, sodium, chloride, nitrate and phosphate pollutants are also 

present in the Çorum Stream (Anonymous 2015). 

 

3.15. Kızılırmak basin  

 

The Kızılırmak Basin is the second largest basin with an area of 82 181 km². With a population of 4 million inhabitants, it is the 

4th most populated basin in Turkey (Anonymous 2010a).  

 

More than one climate is effective in the basin due to its coverage and location over a wide area. The average annual 

precipitation of the basin is 435.6 mm with an average annual flow of 6.12 km3. The circumference of the basin is 3 546 km and 

the length recorded as 293 km (Anonymous 2019f).  

 

The annual average flow value of the Kızılırmak Basin is 5.18x109 m3 (2.09 L/s/km2) and constitutes 2.82% of Turkey's 

surface water potential. The usable part of this water is 2.59x109 m3/year. The groundwater operating reserve of the Kızılırmak 

Basin is 1.02x109 m3/year and the groundwater potential is 1.36x109 m3/year. Considering the 5.18x109 m3/year surface and 

1.36x109 m3/year groundwater potential in the basin, the total water potential becomes 6.54x109 m3/year. The usable water 

potential of the basin is 3.61x109 m3/year considering the 2.59x109 m3/year usable surface water and 1.02x109 m3/year 

groundwater operating reserves (Anonymous 2015). 

 

The longest of the Turkey’s rivers, the Kızılırmak River has a length of 1 151 km and discharges the waters of an area of 78 

180 km² into the Black Sea (Anonymous 2010a). There is no known issues with the chemical properties of the waters from the 

İmranlı district, where the Kızılırmak originates, to the borders of Zara district. However, after Hafik, due to the presence of 

gypsum and salt minerals and the addition of its southern branches (Tuzlasuyu Stream, Yavşanlı Stream, İslim Stream and 

Fadlum River), the chemical structure of the water changes and becomes quite salty. The waters of the Kızılırmak River is 

generally in the 3rd and 4th classes in terms of irrigation water quality (Koç et al. 2018).  

 

The most important streams of the Kızılırmak Basin are the Delice River, Gökırmak Stream and Devres Stream, which 

collects the waters of the mountainous northern part (Anonymous 2010a).  

 

There are a large number of rivers and streams in the Kızılırmak Basin: those with a than 20 km in the basin include the 

Gökırmak River, Kanak Stream, Karasu Stream, Acısu Stream, Delice Stream, Devrez Stream, Mısmıl Stream and Tecer Stream. 

 

Important lakes in the Kızılırmak Basin include the Sultansazlığı Marshes and Lake Tuzla (Palas). Sultansazlığı is one of the 

14 wetlands of the country; in 1994 it was declared a Ramsar Site and later registered as a National Park on 17/03/2006 and 

taken under protection (Anonymous 2017).  

 

Lake Tuzla (Palas) is covers an area of 2 387 ha in the Palas Plain, 40 km northeast of Kayseri. The important water resources 

of this lake include the Değirmen, Yertaşpınar, Körpınar, Başpınar and Soğukpınar streams. The lake was declared a first degree 

natural protected area in 1993 and has also been registered as a wetland of national importance (Anonymous 2017). 

 

The most important source of pollution in the Kızılırmak Basin are natural resources. Due to the geological factors arising 

from the source of the river and the land it passes through, there is a high amount of salt and sulfate in the Kızılırmak River 

water. The Kızılırmak River water is unsuitable for use as drinking and irrigation water or for industrial use, with the exception 

of the upstream section, which does not have a gypsum area. In addition, arsenic found in the territory of the region where the 

river passes through is also carried into the river, negatively affecting the water quality. In addition to Kızılırmak, the water 

sources of Seyfe and Göydün in the Sivas region and Lakes Hafik, Tödürge and Lota are also exposed to salt and sulfate pollution 

by natural means (Anonymous 2017). 
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The Kızılırmak River is in the 1st or 2nd class in terms of COD, which is one of the organic parameters. The waters along the 

main river are in the 2nd and 4th class for nitrogen parameters (NH4–N), 3rd and 4th classes in terms of NO2-N, and 1st and 2nd 

classes in terms of NO3-N. The river waters are between 2nd and 4th classes in terms of total phosphorus parameter. In terms of 

sodium, chloride, nitrite and sulfate, which are salinity factors, it ranks 3rd 4th class and is in the 2nd or 3rd class in terms of total 

dissolved matter (Anonymous 2015).  

 

3.16. Konya closed basin  

 

The Konya Closed Basin is the fifth largest basin with an area of 49 930 km². The annual precipitation average in Konya Closed 

Basin is recorded as 454 mm. The estimated total surface flow of Konya Closed Basin is 4.9x109 m3 per year, including surface 

and groundwater bodies. A very large part of this water (4.7x109 m3) is used in the basin. Of the used part, 4.43x109 m3 is used 

for irrigation, 0.2x109 m3 for residential use and 0.07x109 m3 for industry (Anonymous 2018j). As can be seen, the amount of 

irrigation water used in the basin corresponds to 94% of the total usable water. The population of the Konya Closed Basin is 

about 2.6 million people. 

  

Located in the southwest of the Konya Closed Basin, in the province of Konya, the Çarşamba Stream is one of the most 

important streams in the basin. The Çarşamba Stream joins the Beyşehir Canal near Pınarcık village on the east side and flows 

into Lake Beyşehir. The Melendiz Stream, originating from the Melendiz Mountains in Aksaray, is another important stream of 

the Konya Closed Basin. After merging with the Belisırma and Ilısu streams, it pours into Lake Salt. The Mamasın Dam Lake, 

which is the most important water source of Aksaray and meets the drinking water and irrigation water needs of the province, 

was built on the Melendiz Stream (Anonymous 2018j).   

 

Lakes in the Konya Closed Basin include Lake Salt, Lake Beyşehir, Lake Hotamış, Lake Uyuz, Lake Tersakan, Lake Kozanlı, 

Lake Samsam, Lake Meke, Lake Akgöl, Lake Bolluk and Lake Düden (Anonymous 2017).   

 

Lake Salt, which is the second largest lake in Turkey, is 940 m above sea level, 80-100 km long, 20-25 km wide, and covers 

an area of 193 946 ha. The waters that feed the lake are streams whose waters decrease or completely dry up in the summer 

months. Lake Salt, which is a class A wetland according to international criteria, is fed by the Peçeneksuyu Stream passing 

through Şereflikoçhisar in the east, the Bağlıca and Kırkdelik streams entering the lake from Eskil in the south, the Tersakan 

Stream in the southwest and the İnsuyu Stream coming from Cihanbeyli in the west. The growing population in Konya and its 

vicinity, industrial facilities established without wider considerations of the environmental impact, direct discharge of sewage 

wastes into Lake Salt and pollution from agricultural lands are the main factors threatening the future of the lake (Anonymous 

2017).    

 

Lake Beyşehir is the third largest lake in Turkey. It is the largest natural lake in terms of fresh water reserve and is 69 086 

hectares wide. In addition, it is a tectonic depression lake and was formed in the northern part of the Beyşehir, Seydişehir and 

Bozkır depression basin. The lake, which was formed between two fault breaks of the Taurus Mountains, is located in the 

depression area of the earth's crust in the third geological time. Its average altitude above sea level is around 1 124 m. This height 

rises to a maximum of 1 126 m in a periodic time frame, and decreases to a minimum of 1 121 m, resulting in a level difference 

of 5 m in the lake. The 88 750 ha area in and around Beyşehir Lake has been taken under protection as a National Park with the 

decision of the Council of Ministers dated 11/01/1993. It was also approved as a wetland protection zone in 2007 and entered 

into force. The water level of the lake has been gradually decreasing due to insufficient rainfall and excessive water withdrawal 

from the lake. As a freshwater lake, Lake Beyşehir is used as a source of drinking and irrigation water. Agricultural water is 

drawn from the lake through the Çarşamba Canal, which was built to irrigate the Konya Plain, and other irrigation canals and 

wells. The drinking water needs of 19.6% of the basin's population are met by the lake (Anonymous 2017). Şener and Taştekin, 

in their 2019 study, stated that the electrical conductivity (EC) values of Lake Beyşehir varied between 0.388-0.868 dS/m, and 

the SAR values calculated using the results of the analysis of the waters in the study area were generally between 0.04-0.29 and 

% Na values between 1.14-9.09.   

 

While Lake Hotamış was a 13 615 ha wide and dense reed-covered lake located between Karapınar and Çumra counties in 

Konya Province, it started to dry up in the early 2000s when the water channels coming to the lake were directed to Lake Salt. 

Today, the lake has completely dried up and the lake area has been opened to agriculture. During the rainy seasons, only a small 

area between Adakale and Sürgüç villages accumulates water, and this place dries up during the summer months (Anonymous 

2017). 

 

Lake Meke is another lake that has since dried up. Lake Acı, on the other hand, is a lake with a significant decrease in water 

level, although it is a very deep lake. The lake waters contain high levels of magnesium and sulfate and the salinity is considered 

to be very high. No fish inhabit the lake water, but the lake is a wetland for birds.  

 

The Peçenek Stream one of the streams feeding the Konya Closed Basin and Lake Salt subbasin, carries domestic pollution 

originating from the district of Şereflikoçhisar. The Peçenek dam lake waters are in the 2nd Class in terms of NH4-N and NO3-N. 

According to group A parameters (physical and inorganic pollutants), the lake waters are in the 4 th class in terms of NO2-N, in 
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the 3rd class in terms of group B parameters (organic) and in the 2nd class in terms of group C parameters (inorganic pollution). 

The Pınarbaşıözü (İnsuyu) Stream waters passing through the Cihanbeyli district are in the 3rd class in terms of NH4-N and in 

the 2nd class in terms of NO3-N. Stream waters are in the 4th class in terms of A parameters (NO2-N), 4th class in terms of B 

parameters (COD-BOD), and 4th class in terms of C parameters (Boron class determining parameter) (Anonymous 2015). 

 

3.17. Eastern mediterranean basin 

 

The Eastern Mediterranean Basin covers the area between the Antalya, Seyhan and Closed Konya Basins in the south of Turkey, 

which disembogues its waters into the Mediterranean along with the Göksu River and some other streams. The Eastern 

Mediterranean Basin consists of the area between the Sedir Stream in the east of Alanya and the Tarsus River in the East 

(Anonymous 2017). 

 

The Eastern Mediterranean Basin has an area of 21 150 km². The annual average flow in the Eastern Mediterranean Basin is 

9.46x109 m3 (13.34 L/s/km2) and covers 5.15% of Turkey's surface runoff potential. The usable part of this water is estimated to 

be 4.73x109 m3/year. The groundwater operating reserve of the Eastern Mediterranean Basin is 70.5x106 m3/year, and the 

groundwater potential is 96.5x106 m3/year. Considering the 9.46x109 m3/year surface and 96.5x106 m3/year groundwater 

potential in the basin, the total water potential is 9.56x109 m3/year. The usable water potential of the basin is 4.8x109 m3/year 

considering the 4.73x109 m3/year usable surface water and 70.5x106 m3/year groundwater operating reserves (Anonymous 2015). 

The population of the basin is recorded as around 1.5 million people (Anonymous 2016a). 

 

The Göksu River is the main stream of the Eastern Mediterranean Basin. The Eastern Mediterranean Basin includes the sub-

basins that discharge their waters into the Mediterranean via the Göksu River and its tributaries, the Berdan Stream, Anamur 

Stream, Limonlu Stream, Efrenk Stream, Alata Stream, Çubuk Stream, Kirmir Stream, Ova Stream and Seydi Stream 

(Anonymous 2016a). Kılıç conducted a study in 2020 to determine the water quality of the Göksu River and to examine the flow 

change over the years. In the study, some seasonal measurements made by the State Hydraulic Works in the downstream of the 

Göksu River between 1992 and 2017 were evaluated. The study evaluated the temperature (oC), nitrite (NO2
-), nitrate (NO3

-), 

ammonium (NH4
+), biological oxygen demand (BOD), chemical oxygen demand (COD), dissolved oxygen (DO), pH, sulfate 

(SO4
-2), sodium (Na+), total dissolved solids (TDS) parameters. When the annual average concentration values of the parameters 

were compared with the Water Pollution Control Regulation, the water quality was deemed to be 1st class in terms of pH, DO, 

COD, SO4
-2, Na+, TDS, NO3 parameters. It has been determined that the waters vary between 1st class and 2nd class in terms of 

BOD parameter and between 1st class and 4th class in terms of NO2, NH4 parameters. Kilic found that there are changes in water 

quality depending on the seasons, and that there is a significant decrease in water quality as a result of increased evaporation in 

summer (Kılıç 2020).  

 

The natural lakes in the Eastern Mediterranean Basin are Lakes Akgöl and Eğrigöl (Anonymous 2017). 

 

Lake Akgöl covers an area of 1 200 hectares. Since Lake Akgöl is fed by the water coming from the drainage channels in the 

delta, the salt rate is around 1 g/l. The water level in Lake Akgöl is at its highest level and quite stable during the peak irrigation 

period (June-October). During the winter, the water level changes by 0.4 m depending on the precipitation (Anonymous 2013).   

 

The Eastern Mediterranean Basin waters are in the first class, that is, clean water category, in terms of COD and BOD, which 

are important parameters indicating quality class organic pollution. When the nitrogen parameters are evaluated, the quality class 

is 1st or 2nd in terms of NH4-N parameter, and 1st 2nd or 3rd class in terms of NO2-N. In terms of NO3-N, it was determined that 

the waters were 1st class throughout the basin. When the basin is evaluated in terms of water quality in general, it can be said 

that the water quality is at the 2nd class level, in other words, it has the characteristic of less polluted water quality (Anonymous 

2015). 

 

3.18. Seyhan basin  

 

The Seyhan Basin area is 22 035 km² with a population of around 2 million people (Anonymous 2016b).  

 

When the precipitation data of the meteorological stations in the Seyhan Basin are examined, winter and spring months are 

rainy, summer months and the beginning of autumn are dry months. The driest month is August (7.8 mm), while the wettest 

month is December (77.4 mm). Considering the average of the annual total precipitation of the stations, the highest precipitation 

was seen at the Karaisalı station with an average of 860.3 mm, while the lowest precipitation was seen at the Ulukışla station 

with 317.1 mm. The long-term annual total precipitation average of the stations in the basin is 531.4 mm (Anonymous 2019g). 

 

The annual average flow for the Seyhan Basin is 6.66x109 m3 (10.18 L/s/km2), corresponding to 3.62% of Turkey's surface 

water potential.  The usable part of this water is estimated to be around 3.3x109 m3/year. The total groundwater potential in the 

Seyhan Basin is around 300x106 m3/year, and the associated operating reserve is 200x106 m3/year. Considering the 6.66x109 

m3/year surface and 300x106 m3/year groundwater potential in the basin, the total water potential is 6.96x109 m3/year. The usable 
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water potential of the basin is found as 3.5x109 m3/year considering the 3.3x109 m3/year usable surface water and 200x106 

m3/year groundwater operating reserves (Anonymous 2015).  

 

The longest of the two important tributaries of the Seyhan River is the Zamantı River, which originates from the Long Plateau 

at an altitude of 1 500 m in the Kayseri-Pınarbaşı district and passes through the Pınarbaşı, Tomarza, Develi and Yahyalı districts 

of Kayseri. Before descending to Çukurova, the Zamantı branch passes through Adana, merging with another important branch, 

Göksu, on the slopes of Mount Akinek of the Aladağ district, 80 km north of Adana, and disembogues into the Mediterranean 

Sea from the Deli Burnu point on the Adana-Mersin border, at the westernmost part of Çukurova. The length of the main tributary 

of the Seyhan River with its tributaries is 560 km, and the length from the junction point of the Zamantı and Göksu tributaries 

to the Mediterranean Sea is 137 km (Anonymous 2016b).   

 

The Seyhan Basin is not rich in natural lakes, but is richer in terms of its dam lakes. The only natural lakes in the basin are 

Lakes Akyatan and Tuzla.   

 

Lake Akyatan is Turkey's largest lagoon lake. Demir and Selek, in their study in 2009, defined the electrical conductivity 

value of the Akyatan Lagoon as 0.65-105.7 dS/m, and defined the lagoon as extremely salty because it has values of 1.5-2 times 

higher than sea water (Demir & Selek 2009). The main reason why the salinity is so variable in the lagoon is because the lagoon 

is fed by both waters returning from irrigation and by the waters originating from the sea. Salinity is lower in the regions where 

the drainage channels are discharged into the lagoon, and quite high in parts in close proximity to the sea.   

 

Lake Tuzla, with its 808 ha area, forms a part of the Çukurova Delta wetlands system (Gençoğlu 2019). Tuzla Lagoon has a 

channel connected to the sea and the water quality of the lagoon is characterized as slightly salty throughout the year. The water 

quality improves due to winter precipitation but salinity of water increases due to excessive evaporation in summer. The lagoon 

is also used for irrigation purposes from time to time, from the regions of the lagoon where the water quality is good. 

 

When the Seyhan Basin was evaluated in terms of surface water quality, it was determined that it was of 3rd class water 

quality in the Zamantı sub-basin, 3rd class water quality in the Göksu sub-basin, and 4th class water quality in the Seyhan sub-

basin. In terms of groundwater quality, the Seyhan Basin was found unsuitable for domestic use in accordance with the relevant 

regulation.   

 

3.19. Orontes basin  

 

The precipitation area of the Orontes Basin is 7 886 km² and the basin has a population of just over 3 million inhabitants 

(Anonymous 2019h).  

 

The annual average rainfall of the basin is 816 mm, the annual total flow is 1.17 km³/year, and the average basin yield is 2.60 

L/s/km². Of the annual 2.8x109 m3 water potential of the basin, 300x106 m3 originates in Lebanon, 1.2x109 m3 originates in Syria, 

while 1.3x109 m3 originates in Turkey. The important tributaries of the Orontes River are the Karasu Stream, which comes from 

the Kahramanmaraş direction and is used as a flood protection channel, the Afrin Stream coming from the Gaziantep direction, 

and the Little Orontes, which is the part after the junction of the Karasu and Afrin Streams. In addition, in the downstream, Defne 

Stream, Big Karaçay and some other streams flow into the Orontes River (Anonymous 2015). 

 

The Orontes River, the most important river of the Orontes Basin, was formed by the merging of the rivers originating in the 

Bekaa Valley between the Lebanon Mountains and the Anti-Lebanon Mountains. The total length of the Orontes River is 386 

km, and most of the river is situated in Syrian territory. Its length in the territory of Turkey is 88 km. Many floods occur in the 

winter and spring seasons. The Orontes River forms wide valleys in the form of plains and bowls along its bed, and sometimes 

narrow and deep gorges. A large delta was formed where the river disembogues into the sea. The Orontes River is the only river 

whose source is not in Turkey but where it spills out. The flow of the river, which has a precipitation area of 1 800 km2 in Turkey, 

is very irregular. This current overflows in winter and spring, crossing the river bed and causing damage to its surroundings. The 

annual average flow of the river, which is 8 m3/s, approaches 20-40 m3/s in winter and spring, and may even rise to 100 m3/s 

from time to time. The Orontes River is also important in that its most important tributaries including the Karasu Stream, Afrin 

Stream, Little Orontes and Karadere Stream are located in Turkish territory. Since the river disembogues into the sea by crossing 

three different countries, it is necessary to determine the annual average water volume, but there are very different measurements 

of the average water volume. In some sources published in Turkey, the annual water volume of the Orontes River is given as 

1.2x109 m3 (Anonymous 2019h). The quality of the Orontes River water has been determined as C3S1 (Ağca & Doğan 2020).  

 

The only natural lake in the basin is Gölbaşı (Fish). Lake Fish, which does not have a natural wetland protection status, is 

actually the remnant of the dried up Lake Amik. The lake serves as an important stop for migratory birds, especially during the 

migration season, and has a rich aquatic life. The area of the lake is 55 ha. Gölbaşı Lake, below the Kurt Mountains, in the 

northeast of the Amik Plain, is 11 km from Kırıkhan. It is fed by spring waters arising from the base of the Kurt Mountains. The 

lake is very similar to Lake Amik in terms of its flora and fauna features and richness (Anonymous 2017).  
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The Orontes Basin is in the 1st or 2nd class in terms of COD and BOD, which are important parameters that show organic 

pollution, that is, clean and less polluted water. However, in the Orontes River, Afrin Stream and Muratpaşa Stream, the BOD 

parameter is in the 3rd class, that is, the polluted water level. Among the important nitrogen parameters, NH4-N is at the 4th class, 

that is, very polluted water, in the Orontes River, Afrin Stream, Belen Stream, Beyazçay (Bohşin Stream) and Muratpaşa Stream, 

and at the 3rd class, that is, polluted water level, in the Karasu Stream, Büyük Karaçay Stream and Tahtaköprü Dam Lake. 

Throughout the basin, the NO2-N parameter was determined as 4th class and NO3-N as 1st class. When the water quality is 

evaluated in general, the water quality in the stations in the basin is at the 4th class level, in other words, it has the characteristics 

of highly polluted water quality (Anonymous 2015). 

 

3.20. Ceyhan basin  

 

The Ceyhan Basin area is 21 391 km² with approximately 2 million people living in this area (Anonymous 2010b). 

 

The average annual total precipitation in the Ceyhan Basin is 727.3 mm (Anonymous 2019i) while the annual average flow 

value of the is 6.5x109 m3 (9.72 L/s/km2), corresponding to 3.54% of Turkey's surface water potential. The usable part of this 

flow is 3.25x109 m3/year. The groundwater operating reserve of the Ceyhan Basin is 559x106 m3/year and the groundwater 

potential is 745x106 m3/year. Considering the 6.5x109 m3/year surface and 745x106 m3/year groundwater potential in the basin, 

the total water potential becomes 7.25x109 m3/year. The usable water potential of the basin has been determined as 3.81x109 

m3/year considering the 3.25x109 m3/year usable surface water and 559x106 m3/year groundwater operating reserves 

(Anonymous 2015). 38% of the total water potential of the Ceyhan Basin is used for irrigation, and 62% is used for non-irrigation 

(drinking, using, industry, etc.) activities (Anonymous 2010b). 

 

The important streams in the Ceyhan Basin include the Ceyhan River, Aksu Stream, Göksun Stream, Söğütlü Stream, Hurman 

Stream, Körsulu Stream, Savrun Stream, Deli Stream, Karanlık Stream, Ördeközü Stream and Bertiz Stream (Anonymous 

2010b). 

 

Streams and dams in the Ceyhan Basin are generally classified as 1st class in terms of COD parameter indicating organic 

matter pollution. The water quality of the Ceyhan River, which is the main stream of the basin, and the large streams feeding it 

and the dams on it, is generally classified as high quality water or less polluted water in terms of organic substances, nitrate 

nitrogen and inorganic parameters. However, in terms of ammonium nitrogen, the Ceyhan River water is in the polluted water 

class after Kahramanmaraş. Dissolved matter, chloride, sulfate and sodium values are high in terms of surface water pollution 

(Anonymous 2015). 

 

When the Ceyhan Basin is evaluated in terms of water quality in general; As a result of the discharge of industrial wastewater 

into streams in Kahramanmaraş, the water quality in the region is reduced to the 4th class. It is known that the water quality is 

better around Adana due to the added clean water. While the Ceyhan River is in the 4th class in terms of pollution in 

Kahramanmaraş, the water quality in Adana improves and rises to the 2nd class (Anonymous 2016c).  

 

3.21. Euphrates and Tigris basin 

 

In the "International River Basins" list published by the UN, the water catchment basin of the Euphrates and Tigris (Turkey, 

Syria, Iraq, Iran, Saudi Arabia) is given as 895 628 km2. The population of the Euphrates-Tigris Basin, which is the second most 

populated basin in terms of population, is approximately 7.7 million people. The Euphrates and Tigris Basin is largely fed by 

snow falling on the mountainous areas of northern and eastern Turkey, Iran and Iraq. The basin has the largest drainage area of 

Western Asia and Turkey. The Euphrates, the longest of the rivers in Western Asia, flows in this basin (Yıldırım 2006).  

 

The total precipitation area of the Euphrates-Tigris Basin is 182 614 km2 (Al-Ansari et al. 2019) and the annual average flow 

rate of the basin is 52.94 km3 (8.29 L/s/km2 in the Euphrates part and 14.44 L/s/km2 in the Tigris part). The annual average 

precipitation level is 540 mm for the Euphrates section and 807 mm for the Tigris section, while the annual average flow rate is 

1002 m3/s in the Euphrates section and 744 m3/s in the Tigris section (Anonymous 2015). 

 

The Euphrates Basin consists of basins and low hills. The basin extending to the Persian Gulf has the appearance of a high 

plateau (Atuk 2005). The distribution of the Euphrates River basin area and long-term average water potential by countries is 

summarized below. In Table 3, catchment areas (Al-Ansari et al. 2019) and flow amounts (Onüçyıldız et al. 2016) are given on 

a country basis. 
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Table 3- The area and flow rate of the Euphrates Basin 

 

 

 

 

 

 

Considering the water potential of the Euphrates in Turkey, it is at a level that can easily meet the water needs of the region. 

With the waters of the Euphrates, 1.6 million hectares of agricultural land in Turkey and 800 thousand hectares in Syria can be 

irrigated. If Turkey and Syria irrigate in this level, it is estimated that there will not be much irrigation water left for Iraq. For 

this reason, it will be necessary to meet the irrigation water needs of the agricultural lands on the Euphrates river route, with the 

waters to be transferred from the Tigris River, which has a lot of water in Iraq (Özdemir et al. 2002).  

 

The distribution of the Tigris River basin area and long-term average water potential by countries is summarized below. In 

Table 4, catchment areas (Al-Ansari et al. 2019) and flow amounts (Onüçyıldız et al. 2016) are given on a country basis. 

 
Table 4- The area and flow rate of the Tigris Basin 

 

Country  Catchment area (km2) Catchment area (%) 
Annual Flow 

km3/year 

Flow Rate 

% 

Turkey  57 614 12.2 27.2 53.4 

Syria  834 0.2 0 0 

Iraq  253 000 58 3 5.9 

Iran  140 180 29.6 20.7 40.7 

Total  451 628 100 50.9 100 

 

Considering the water potential of the Tigris, it is predicted that 650 thousand hectares of agricultural land in Turkey and 3.5 

million hectares in Iraq (partly along the Euphrates) could be irrigated beyond the water needs of the settlements and industry in 

the region. 

 

Turkey has initiated the Southeastern Anatolia Project (GAP), a multi-sectoral regional development project located in the 

Southeastern Anatolia Region around the Euphrates and Tigris rivers. The project area covers 45% of the Euphrates-Tigris Basins 

within the borders of Turkey (Onüçyıldız et al. 2016).  

 

The Murat River, which is the most important first-degree tributary of the Euphrates, arises from the skirts of Mount Ararat 

and flows approximately 500 km to the southwest, and joins the Karasu River coming from the north (Erzurum) 10 km north of 

the Keban Dam. The river, named the Euphrates River after this confluence point, reaches a length of approximately 3 000 km, 

1 230 km in Turkey, 710 km in Syria, 1 060 km in Iraq, from this point until it merges with the Tigris River (Kaya 2007).  

 

Lakes in the Euphrates-Tigris Basin include Lake Hazar, Lake Akdoğan, Lake Haçlı, Lake Ekşisu and Lake Gaz.  

 

Lake Hazar is situated 22 km away from Elazığ, on the Elazığ-Diyarbakır highway route, and is a tectonic lake between the 

Hazarbaba and Mastar Mountains. It has a length of 22 km and width of 5-6 km. The lake basin constitutes 8 166 ha with a water 

surface of 78.8 km2. It was registered as a wetland of national importance in 2015. 

 

The COD of Euphrates-Tigris Basin is predominantly at the level of 1st class (clean water) or 2nd class (less polluted water). 

In terms of this parameter, the Nizip Stream, Samözü Stream, Şehir Stream, Eğriçay Stream, Haringet Stream and Lülük Stream 

are 4th class, while Sacır Stream, Akdere Stream and Sitilce Stream are 3rd class quality. NH4-N, one of the important nitrogen 

parameters, is largely in the 1st and 2nd class quality throughout the basin. In the Euphrates River basin, the Haringet Stream, 

Lülük Stream, Karakoyun Stream, Habur Stream, Çatak Stream, Nizip Stream, Sacır Stream, Sitilce Stream, Şehir Stream, 

Eğriçay Stream, Samözü Stream and Hancağız Dam water were evaluated as 4th class. When the Tigris River basin is examined 

in terms of NH4-N, at some points in the Tigris River, it is classed 3 to 4. While Kulp Stream, Batman Stream, Çavuşbayırı 

Station of Garzan Stream and before the Tigris River joint in Devegeçidi Stream and Beyhan Stream in 3rd class quality, and it 

is 4th class in Sarge Stream after Ergani (Anonymous 2015). 

 

3.22. Eastern black sea basin  

 

The area of the Eastern Black Sea Basin is 22 846 km² with an average precipitation value of just over 1 000 mm (Anonymous 

2016d). Its population is recorded as more than 2 million. 

 

Country  Catchment area (km2) Catchment area (%) 
Annual Flow 

km3/year 

Flow Rate 

% 

Turkey  125000 28.1 33.1 98.5 

Syria  76000 17.1 0.5 1.5 

Iraq  177000 39.9 0 0 

Saudi Arabia 66000 14.9 0 0 

Total  444000 100 33.6 100 
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The annual average flow amount of the Eastern Black Sea Basin is 17.85x109 m3 (23.57 L/s/km2) and covers 9.72% of 

Turkey's surface water potential. The usable part of this water is 8.9x109 m3/year. The groundwater potential of the Eastern 

Black Sea Basin is 0.44x109 m3/year and all of them constitute the operational reserve. Considering the 17.85x109 m3/year surface 

and 0.44x109 m3/year groundwater potential in the basin, the total water potential becomes 18.29x109 m3/year. The usable water 

potential of the basin has been determined as 9.34x109 m3/year considering the 8.9x109 m3/year usable surface water and 0.44x109 

m3/year groundwater operating reserves (Anonymous 2015). 

 

Almost all the rivers of the Eastern Black Sea Basin obtain their sources from the peaks of the mountains that run parallel to 

the coast. Streams descending rapidly from the slopes are short rivers and overflow frequently after heavy rains; the most 

important stream being the 160 km long Harşit Stream. Other water sources include the Gelevera, Yağlıdere, Aksu, Batlama, 

Pazar, Turnasuyu, Melet, Civil, Akçaova, Bolaman, Elekçi, Cevizdere, Lahna, Curi and Akçay rivers. Since these waters 

overflow from their beds following heavy precipitation, they show an irregular flood regime (Anonymous 2016d). 

 

The physical structure of the basin, especially the topography, prevents the formation of a large lake. There are small crater 

lakes of touristic importance in the İkizdere and Çamlıhemşin districts of the Kaçkars in Rize. In Trabzon, are are found Lakes 

Uzungöl and Sera. 

 

COD, which is one of the important parameters showing organic pollution in the Eastern Black Sea Basin, is in the 1st class 

(clean water) in all water quality monitoring stations. In the evaluation made in terms of BOD, the majority of the water is in the 

1st class and less in the 2nd class (less polluted water). In terms of NH4-N and NO3-N, which are important nitrogen parameters, 

most of the waters are in the 1st class. When the basin is evaluated in terms of water quality in general, many streams can be 

considered as clean or less polluted in terms of organic substances, ammonium, nitrate and microbiology (Anonymous 2015). 

 

3.23. Chorokhi basin  

 

The area of the Chorokhi Basin amounts to 20 248 km² with an average annual precipitation of approximately 560 mm. The 

annual average of the basin water potential is 6.5 billion m³ (Anonymous 2020) while the annual average flow of the Chorokhi 

Basin is 201.81 m3/s (9.97 L/s/km2). The contribution of the Chorokhi Basin to the total water potential of Turkey is 

approximately 3.47% (Anonymous 2015). The population of the basin is around 300 thousand people (Fakıoğlu ve Kağnıcıoğlu 

2009). 

 

The Chorokhi River is one of the largest rivers in the Northeast Anatolia. The three largest tributaries joining the Chorokhi 

River include Oltu Stream, Berta Stream and Barhal Stream, respectively. Of these, the Oltu Stream, which originates in Erzurum 

province, has a precipitation area of approximately 4 900 km2 and 25% of the Chorokhi Basin. The Chorokhi River is fed from 

many tributaries in Erzurum and Artvin, especially after it enters Erzurum province; the most important of these are the Aralık 

Stream, Deviskel Stream, Murgul Stream, Hatila Stream, Çamlıkaya Stream, Aksu Stream, Cala Stream, Karataş (Engücek) 

Stream, Çapan Stream, Anuri Stream, Sırakonaklar Stream and Cihala Stream (Fakıoğlu & Kağnıcıoğlu 2009).  

 

The Deriner Dam, which was started to be built in 1998 in order to generate energy on the Chorokhi River, is the second 

highest dam in Turkey in terms of body height and the 13th tallest dam in the world. At the average water level of the dam, 

which is a concrete arch body fill type, the lake volume is recorded as 1.97x109 m3, and the lake area as 26.4 km2.  

 

The Yusufeli Dam, which is located in the basin, started to be built in 2013 and water was started to be retained in 2022, is 

in the 1st place in Turkey and 3rd in the world in terms of body height.  The body height of Yusufeli dam is 275 m and the lake 

volume will be 2.2x109 m3 at normal water level. When Yusufeli Dam is full, it will be one of the most important water resources 

of the basin.  

 

The lakes in the Chorokhi Basin include Lakes Tortum and Karagöl. Lake Tortum, located within the borders of Erzurum 

Province, covers an area of 615 ha. The lake has a maximum water level elevation of 1014 m, and a minimum water level 

elevation of 1 005 m. Lake Tortum is a risk of drying up due to the sediment problem.  In their 2018 study, Fakıoğlu and Nuhoğlu 

determined that Lake Tortum is in the 2nd class according to the dissolved oxygen value and in the hard water class according to 

the total hardness, Ca hardness and Mg hardness values (Fakıoğlu & Nuhoğlu 2018).    

 

Karagöl-Sahara National Park, located within the boundaries of the district of Şavşat, consists of two separate parts. The 

Sahara is located 25 km north of the town of Şavşat. Lake Karagöl is a landslide lake formed by water accumulating in the basin 

behind the rationally sliding mass (Anonymous 2020). Şener & Kibar in their study in 2017; by examining the geological and 

hydrogeological features of Karagöl Lake and its surroundings, they evaluated the hydrogeochemical properties, use cases and 

pollution of the water resources in the region. At the end of the study; they determined that all of the waters in the study area are 

in the 1st class in terms of water quality, are in the C1S1 class according to SAR and EC values, and are suitable for use as 

drinking and irrigation water. When the Chorokhi Basin is evaluated in general, it is less polluted in terms of water quality 

(Anonymous 2015). 
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3.24. Aras basin  

 

The area of the Aras Basin, which has a population of around 800 thousand, is 27 775 km². The Aras Basin has a semi-arid and 

arid climate type. Iğdır, one of the provinces with the least rainfall in Turkey, is located in this basin. The average annual 

precipitation in Ardahan is recorded as 550.8 mm, in Kars 486.9 mm, in Iğdır 258.8 mm, and in Erzurum 405.3 mm. The level 

of snowfall is one of the factors affecting the occurrence of floods. Heavy snowfall occurs in the upper basins. The highest 

recorded snowfall is 110 cm in Ardahan, 88 cm in Kars, 38 cm in Iğdır and 110 cm in Erzurum (Anonymous 2019j). 

 

The annual average flow of the Aras Basin is 4.63x109 m3. In terms of runoff levels, the share of Aras Basin water potential 

in Turkey's wider water potential is 2.5% (Anonymous 2015). 

 

The Aras River is the main stream of the Aras Basin. Originating from the northwestern piedmonts of the Bingöl Mountains, 

the Aras River flows to the north and enters the Erzurum-Pasinler Plain, and after receives the Zivin Stream from the north and 

the Velibaba Stream from the south. In Kağızman, it passes through deep valleys between the mountains and flows in the plain 

formed at the bottom of the 10 km wide valley. After leaving this narrow valley, known as Buğum Boğazı, The Aras River takes 

the Arpaçay Stream coming from the north in Aşağı Çıyrıklı. After crossing the Iğdır Plain, it leaves from Turkey to Nakhchivan. 

The total length of the river is 920 km, and its length within the borders of Turkey is 411 km. The average flow rate at the 

junction of the Aras River with the Arpaçay branch is 56.7 m3/s.  

 

The most important water resources of the Aras Basin can be listed as the Aras River, Kura River, Kars Stream, Arpaçay 

Stream, Lake Balık, Lake Çıldır, Lake Aktaş and the Arpaçay Dam Lake. The largesst lake in the Aras Basin is Lake Çıldır in 

Ardahan. There are many HEPPs in operation and under construction in the basin. In addition, there are four ponds built by SHW 

(Anonymous 2015).  

 

Lake Çıldır is located at an altitude of 1 959 m above sea level and amounts to a surface area of 126 km2 (Anonymous 2015). 

In their study, conducted between 1991-93, Yerli et al. (1996) recorded the EC value of the lake as ranging between 60-155 

µS/cm. 

 

Lake Aktaş, shared by Turkey and Georgia, is a tectonic lake located in the Aras Basin. The water of the lake, which has a 

surface area of 27 km2, is soda (Yerli & Zengin 2019) BOD and nitrogen measurements are made at some stations in the Aras 

Basin, and the waters are classified as 1st and 2nd in this respect. When the basin is evaluated in general, it shows less polluted or 

clean water characteristics in terms of water quality (Anonymous 2015). 

 

3.25. Van lake basin   

 

The Van Lake Basin has an area of 17 861 km² and is home to 730 000 people. The annual average rainfall of the basin is 474 

mm with an annual water potential of approximately 3.5x109 m3 (annual average flow is 95.32 m3/s) (Anonymous 2019k). 

 

The groundwater potential of the Van Lake Basin is 180x106 m3/year, and the groundwater operating reserve is 148x106 

m3/year. Considering the 3x109 m3/year surface and 180x106 m3/year groundwater potential in the basin, the total water potential 

is 3.18x109 m3/year (Anonymous 2015). 

 

Most of the rivers in the basin flow into Lake Van. The rivers, which are considered relatively large in terms of the water 

they carry and the distance they cover, are located in the east of Lake Van. The main streams in the Van Lake Basin include the 

Zilan and Deliçay Streams in the north, the Bendimahi Stream in the northeast, the Karasu Stream in the east, Engil Stream in 

the southeast, the Gevaş Stream in the south, the Kotum Stream in the southwest and the Sufresor-Ahlat creeks in the west. The 

Özalp and Büyükçaylak Streams, which flow from east to west, are located within the closed basin Lake of Erçek. 

 

 Natural lakes in the basin include Lakes Van, Nemrut, Erçek, Nazik, Turna and Gövelek (Ermenis).  

 

Lake Van is Turkey's largest lake with an area of 357 269 ha. It is ranked 15th among the largest closed lakes in the world 

and is the largest soda lake on earth. The waters of Lake Van are brackish and salty. The salt concentration of water is 0.224%. 

Chemical composition of the salts in water is 42% NaCl, 34% NaCO3, 16% Na2SO4, 3% KSO4 and 2.5% MgCO3. As a result of 

this feature, the lake has a large reserve as a soda production source. The water level of the Lake Van fluctuates by 50-60 cm 

between the summer and winter months. However, in recent years, these fluctuations have reached several meters (Anonymous 

2017). 

 

Nemrut is a crater lake located on the lands belonging to Tatvan, Ahlat and Güroymak districts to the west of Lake Van, 

spread over an area of 1 266 ha. The average depth of the half-moon shaped Lake Nemrut is around 100 m. The water of the lake 

is colorless, odorless and tastes like drinking water (Anonymous 2017). 
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Lake Erçek is located 30 km east of Lake Van, in a collapse of basin. The water of the lake, which has an area of 9904 ha, is 

salty and soda (Anonymous 2017). 

 

Lake Nazik is a freshwater lake with an area of 46 km2 located on The Van Lake Basin. (Bozaoğlu & Akkuş 2019). The lake 

waters are used for the irrigation of Adabağ and Sarıkum villages lands (Anonymous 2017). 

 

Lake Van is highly polluted in terms of pH, salinity and total phosphorus parameters, and in the polluted water class in terms 

of organic matter and ammonium nitrogen. In particular, the fact that the total phosphorus parameter is at the level of dirty or 

highly polluted water in many stations indicates diffuse phosphorus pollution caused by fertilizers. In the streams flowing into 

Lake Van, the BOD parameter value varies between 3rd class and the NH4-N parameter value varies between 2nd and 3rd class. 

In many water sources flowing into Lake Van, the NO2-N parameter is at the 4th class level (Anonymous 2017). 

 

4. Conclusions and Recommendations 
 

Although there are still thoughts that reject global warming today; the claim that the consumption of fossil fuels would cause 

global warming existed even 100 years ago. However, the measures taken on this issue were so delayed that although global 

warming was known, it took more than 45 years to reveal its causes. Average global temperatures today are estimated to have 

risen by about 1.1 °C in 2021 compared to pre-industrialization. It is stated that as the temperature rises above 1.5 °C, climate-

related disasters will become increasingly more common (Anonymous 2022b). With the effect of global warming, significant 

climate changes have already been seen in many parts of the world. The most important effect of climate change is the decrease 

in water resources and the change of habitats of many species. For many creatures living in extreme conditions, these effects 

have reached critical points. It has become almost impossible for polar bears, especially those living in the Arctic, to sustain their 

generation. If the polar bears that reach the continents cannot adapt to a terrestrial life, it seems unlikely that they can continue 

their generation. Moreover, the fact that sea creatures living in the equatorial region have started to be seen in more northern and 

more southerly seas due to the warming of the seas reveals the importance of climate change.   

 

The effects of climate change are particularly apparent in the decrease in water resources on a global scale, the threat of 

desertification over large areas, the shrinking of forest areas, the decrease in stream flows, the decrease in water levels in lakes 

and the drying up of some lakes.  

 

The effects of climate change are also seen in Turkey to a great extent and manifests itself in the form of the deterioration in 

the distribution of precipitation levels throughout the year. Instead of raining at a constant rate over a regular period of time, 

rapid precipitation in intense form causes a decrease in the amount of water held by the soil and an increase in the amount of 

surface runoff. This leads to a significant deterioration in the balance between retained water and flowing water. 

 

The total annual average flow of the basins in Turkey is 185.37 billion m³. Since the annual precipitation is not the same in 

each of the hydrological water basins, their yields and water potentials also differ from one another. While the Euphrates-Tigris 

Basin has the highest water yield with 56.3 km3, the Burdur Closed Basin has the lowest water potential with 0.2 km3, while the 

Akarçay Basin has 0.4 km3. In addition, the Euphrates-Tigris Basin constitutes approximately 30.3% of the total country's water 

potential. Annual average runoff and water potential values by basins are given in Table 5 for 2019.   

 

About half of the total annual water flow in the country is located in four of the 25 basins (Euphrates and Tigris, Eastern 

Black Sea, Eastern Mediterranean and Antalya). Apart from these four basins, the remaining 21 share the remaining half of the 

total water flow. This shows the imbalance in the distribution of waters according to the basins. On the other hand, there are also 

imbalances between the flow rates of the basins and the population they serve. For example, the Marmara Basin, where 28% of 

the total population lives, has only 4% of the total flow. Similarly, in basins such as Sakarya, Little Meander, Meander, Kızılırmak 

and Konya Closed Basin, significant differences exist in the proportion between the flow amounts and the population served. 

This further affects the water use in the basins and causes water shortages (Aküzüm et al. 2010). 

 

Turkey is a country with a high probability of encountering serious water problems in the near future. For this reason, Turkey 

needs to protect its resources and use them more effectively in order to maintain sufficient quality water for future generations 

(Aküzüm et al. 2010). 
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Table 5- Annual Average Surface Water Potential by Basins, 2019 (SHW 2019) 

 

Basin No Name of the Basin 

2019 

Basin 

Precipitation area 

(km2) 

Average 

Annual Flow 

(km3)(*) 

Potential Affiliate 

Rate (%) 

01 Meriç-Ergene Basin 14486 1.7 0.9 

02 Marmara Basin 23074 7.4 4.0 

03 Susurluk Basin 24319 5.0 2.7 

04 North Egean Basin 9861 2.0 1.1 

05 Gediz Basin 17145 1.8 1.0 

06 Little Meander Basin 6963 0.6 0.3 

07 Meander Basin 25960 3.0 1.6 

08 Western Mediterranean Basin 20956 6.5 3.5 

09 Antalya Basin 20249 12.9 7.0 

10 Burdur Closed Basin 6294 0.2 0.1 

11 Akarçay Basin 7995 0.4 0.2 

12 Sakarya Basin 63303 6.5 3.5 

13 Western Black Sea Basin 28855 10.8 5.8 

14 Yeşilırmak Basin 39595 7.0 3.8 

15 Kızılırmak Basin 82181 7.0 3.8 

16 Konya Closed Basin 49930 2.4 1.3 

17 Eastern Mediterranean Basin 21150 7.6 4.1 

18 Seyhan Basin 22035 6.2 3.3 

19 Orontes Basin 7886 1.8 1.0 

20 Ceyhan Basin 21391 7.7 4.2 

21 Euphrates and Tigris Basin 181204 56.3 30.3 

22 Eastern Black Sea Basin 22846 16.4 8.9 

23 Chorokhi Basin 20248 7.0 3.8 

24 Aras Basin 27775 4.5 2.4 

25 Van Lake Basin 17861 2.6 1.4 

Total 783562 185.37 100 

 

*: These values were obtained from the base station flows at the most downstream of the basins in the country 

 

 

About 54 billion m3 of Turkey's annual potential of 112 billion m3 is in use. Of this 54 billion, 40 billion m3 (74%) is used in 

irrigation (Table 7), 7 billion m3 (13%) in domestic use and 7 billion m3 (13%) in industry (SHW 2017). These rates are 

respectively 70%, 22%, 8% in the world, and 33%, 51% and 16% in Europe (Anonymous 2018). The fact that the irrigation 

water for agricultural use is so high in Turkey makes the agricultural sector the focal point in terms of water saving. Because a 

10% savings to be made in domestic use or industry corresponds to a small rate of only 1.75% in agriculture. In other words, 

saving that can be made by forcing people for domestic use is a goal that can be achieved very easily in agriculture. So that; It is 

possible to save at least 25% of water in a certain area, even by switching from the surface irrigation method to the pressurized 

irrigation methods. The water obtained with a 25% savings in agricultural irrigation corresponds to more water than all domestic 

use at the whole country level. It can be clearly observed how important water conservation is in agriculture. The water savings 

that can be achieved by the use of advanced technologies in agriculture are far more than the total use of the domestic and 

industrial sectors, and it is enough to irrigate more areas than the existing irrigated areas. 

 

The amount of surface water used in irrigation throughout Turkey between 2000 and 2019 is given in Table 6. 
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Table 6- Amount of Surface Water Used in Irrigation in Turkey, 2000-2019 (SHW 2019) 

 

Year 
Amount of Irrigation Water Used 

in SHW Irrigation (km³/year) 

Estimated Amount of Irrigation Water 

Used in Other Irrigations (km³/year) 

Total Amount of Surface 

Water Used in Irrigation 

(km³/year) 

2000 12839 14398 27237 

2001 10964 12477 23441 

2002 12214 14707 26921 

2003 13442 14029 27471 

2004 14487 16543 31030 

2005 13231 17491 30722 

2006 13847 15567 29414 

2007 11756 13420 25176 

2008 12182 14814 26996 

2009 13566 16306 29872 

2010 14396 16553 30949 

2011 14764 18335 33099 

2012 15831 18172 34003 

2013 15373 19326 34699 

2014 14285 12383 26668 

2015 16727 14699 31426 

2016 17694 15530 33224 

2017 17425 14771 32197 

2018 18693 14796 33490 

2019 20450 14912 35363 

 

In Turkey, there are serious imbalances between the water needed for irrigation according to the regions and the amount of 

water in that region. For this reason, in many regions of the country, groundwater is used as a supplement to irrigation, since the 

available surface waters are not sufficient for irrigation. Almost all of the existing groundwater reserves in almost every basin 

are drawn through wells and used for irrigation purposes. In some regions, groundwater is used for domestic and industrial 

purposes due to a regional lack of water. The groundwater reserve status according to the basins in Turkey is shown in Figure 3. 

 

 
 

Figure 3- Annual Groundwater Reserve by Basin (106 m3/year, SHW 2019) 
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Freshwater lakes in Turkey are mostly used intensively for irrigation purposes. However, the withdrawal of water for different 

purposes from many lakes, whose levels are already decreasing under the influence of global warming, jeopardizes the future of 

the lake. In particular, Lakes Eğirdir and Burdur are used intensively for irrigation and utility water, and face the risk of drying 

up in the near future. Unfortunately, regulations regarding the use of lakes in Turkey are insufficient and only one third of 

Turkey’s lakes and wetlands have water management plans. The unauthorized use of lakes for different purposes is in question 

without a water management plan. For this reason, it is crucial to prepare water management plans for all water resources as 

soon as possible to better existing water sources. 

 

Meeting the water needs of the growing world population is becoming more difficult not only due to the gradual decrease in 

water resources, but also because of the pollution of existing water resources. Even the supply of drinking water is a critical 

problem for many countries of the world. Today, the presence of water in countries has begun to be perceived as an indicator of 

the wealth of that country. However, it should not be forgotten that the most important parameter besides the presence of water 

is the presence of uncontaminated water. The real wealth is to have water that can be used for a specific purpose without 

undergoing any procedure or treatment. There is enough water in the seas and oceans for all humanity in the world for all 

purposes. However, seawater can be used directly in a few processes such as cooling without purification. Very high treatment 

costs may limit the evaluation of many waters even as water assets. Many countries have taken serious measures through 

legislation to protect their existing water resources not only in quantity but also against quality deterioration. The loss of a water 

source does not mean its disappearance, but it becoming unusable. In this respect the pollution of water resources is equivalent 

to the destruction of that resource. 

 

An awareness of water quality is now growing in Turkey and monitoring of the quality of water sources is being carried out 

in many locations. In addition, studies for the preparation of quality maps of water resources are being conducted. All water 

resources are threatened by point and diffuse pollutants. Even the causes of pollution in water resources can sometimes be 

revealed as a result of analyses made on the waters. For this reason, periodic analyses must be made in both surface and 

groundwater sources and pollution must be kept under control. 

 

Even if there is no pollutant discharge, it should not be ignored that the quality of the remaining water source will decrease 

slightly, even with evaporation due to extreme temperatures, so a quality difference will occur between early spring and early 

autumn in the same source. Since water quality is a parameter that directly affects the purpose of use, it is as important as the 

quantity of water today. 

 

In the near future, water used for different purposes may be priced according to its quality, and the cost of obtaining better 

quality water will continue to grow. In terms of water quality, Turkey's basins show different values from each other. Generally, 

the effect of industrial pollutants in places where industrial activities are intense and the effects of agricultural pollutants in 

agricultural regions are observable in water resources. 

 

Since there are intense industrial areas in the Meriç-Ergene Basin, the waters of the basin show industrial pollution, and many 

sources used in irrigation are of the 2nd and 3rd classes. 

 

Since the Marmara Basin has the densest population of the country, the pollution caused by domestic wastes is observable in 

the water resources. At the same time, industrial waste is evident in the waters as the region is industry intense. 

 

The Susurluk Basin is also a densely populated region, domestic waste load in water resources is quite high and this pollution 

is seen especially in the lakes in the basin. In Lake Uluabat, the lake waters are in the class of very polluted waters (4th class) due 

to intense domestic and industrial waste.  

 

The waters of the North Aegean Basin are relatively high quality waters, and ¾ of the basin waters consist of waters that can 

be called clean. Since agriculture is intensive in the basin, 1/3 of the groundwater is clean and the rest is of medium quality. 

 

The Gediz Basin contains intensive agricultural regions, agricultural pollution is the leading cause of water pollution. 

Fertilizer and pesticide pollution can be found in the surface water resources and a diffuse pollution problem in the area that is 

difficult to control. However, groundwater is in a slightly better condition than surface waters. 

 

Since The Little Meander Basin contains both industrial and residential areas, domestic wastes and industrial wastes are also 

polluting factors in the waters. Most of the basin waters consist of polluted and very polluted waters (3rd and 4th class). 

 

The Meander Basin is a basin that hosts important industrial facilities. The waste from industrial facilities in the Denizli and 

Uşak provinces, in particular, adversely affect the water resources of the basin. Most of the basin waters consist of very polluted 

waters. 

 

Agricultural contamination is common in surface waters as there are intensive agricultural areas in the Western Mediterranean 

Basin. Industrial waste in the region also pollutes rivers. For this reason, rivers generally consist of polluted and very polluted 
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(3rd and 4th class) waters. However, the lakes in the basin are cleaner and generally consist of clean or less polluted (1st and 2nd 

class) waters. 

 

Although there are intensive agricultural regions in the Antalya Basin, the region receives a lot of orographic precipitation 

due to the Taurus Mountains. For this reason, many streams flowing from the mountains to the sea have very clean waters. 

However, depending on the heavy use of fertilizers, there is pollution in groundwater coming from to agricultural pollutants.  

 

The main water sources in the Burdur Closed Basin are Lake Burdur and Lake Acı Göl. However, both sources are extremely 

salty and have high values of sodium, sulfate, and chlorine.  

 

The Akarçay Basin is a basin exposed to multi-directional pollution and agricultural, domestic and industrial pollution is 

found in the waters. Salinity is high in the Akarçay River, which is the main stream of the basin, due to pollutant discharges. 

 

Lake Sapanca has remained relatively clean within the waters of the Sakarya Basin. However, rivers in the basin, especially 

the Sakarya, Porsuk, Ankara Brook, and Çark Brook, are in the category of very polluted waters (4th class) due to the discharge 

of intense industrial and domestic wastes.   

 

The lakes in the Western Black Sea Basin remained relatively clean, while the streams have been polluted by industrial 

wastes, particularly by iron, ammonium, nitrite, phosphorus, sodium and chlorine. 

 

While only partial agricultural pollution is observed in the groundwaters of the Yeşilırmak Basin, there is intense biological 

pollution in the surface waters due to the wastewater discharges to the surface waters, especially to the Tersakan and Çorum 

streams. The pollution of these streams is more evident in dry periods. 

 

A feature that distinguishes the Kızılırmak Basin from other basins is related to the rock structure in the river bed. In some 

regions along the bed where the Kızılırmak River flows, there are salt minerals in the mineral structure of the soil, referred to as 

primary salinity. During the flow of the river and its tributaries, salt mixes with the stream from the eroded soils, thus increasing 

the sodium, chlorine and sulfate salts in the water content. Especially the waters of Hirfanlı dam and afterwards are in the 3rd and 

4th class values in terms of irrigation water quality. 

 

Since the Konya Closed Basin has the characteristics of a closed basin, the pollution of the rivers in the region directly affects 

the lakes where those rivers flow. Therefore, besides Lake Beyşehir, there are significant lake pollutions in the basin. In addition, 

groundwater is saltier than other basins due to the intense use of groundwater in the region. 

 

Although the streams in the Eastern Mediterranean Basin are relatively less polluted, both high salinity and agricultural 

pollution are observed, especially in streams where drainage waters are discharged. During the dry summer seasons, a significant 

decrease in quality is observed in the streams. 

 

The salinity in the sea-connected lagoons in the Seyhan Basin is very high and the surface water quality is quite low 

throughout the basin. Generally, irrigation water consists of 3rd or 4th class waters. 

 

The water resources in the Orontes Basin are generally clean or slightly polluted waters and are in the 1st and 2nd classes in 

terms of COD and BOD. However, due to the high level of agricultural pollution, nitrogen-based pollutants rank first among the 

parameters that cause the main pollution. Most of the basin waters are in the 4th class in this respect.  

 

Ceyhan Basin also shows a different situation compared to other basins. Although the water quality in the part of the Ceyhan 

River up to Kahramanmaraş is quite good and is first class in most places, the wastes of Kahramanmaraş province pollute the 

river to such an extent that from that point on, the Ceyhan River quickly becomes 4th class water in its quality.  

 

Most of the Euphrates and Tigris Basin is clean in terms of BOD and COD and has 1st and 2nd class waters. Although the 

higher parts of the basin contain relatively clean waters, the wastes from the cities pollute the waters significantly. Industrial 

wastes are mixed into the Euphrates River near Gaziantep and the water quality becomes 3rd and 4th class. Similarly, when the 

Tigris River passes through Diyarbakır, it turns into 3rd and 4th class water with a significant amount of domestic waste discharge. 

 

The Eastern Black Sea Basin is one of the country's cleanest watersheds. In terms of most parameters, the waters are first 

class. Only a significant part of it is in the 2nd class in terms of the COD parameter. 

 

The waters of the Chorokhi Basin contain Class 1 waters for all parameters at almost every point. In the basin, which has 

clean waters enough to be called the basin where the cleanest waters in Turkey are found, the waters have remained cleaner 

because of a lack of industrial development and a geographical structure that prevents crowded settlements.  
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The Aras Basin has both rivers and lakes and is a basin where all water resources are clean. Only in terms of BOD, some 

sources show 2nd class characteristics. 

 

The largest water source of the Lake Van Basin is Lake Van, the soda water of which limits its potential uses. The lake waters 

are considered polluted in terms of salinity, phosphorus, organic matter and ammonium nitrogen. The lake is exposed to diffuse 

pollution and is classified as 2nd class water in terms of ammonium nitrogen, 3rd class in terms of BOD, and 4th class water in 

terms of salinity. 

 

In Turkey, adequate control is not provided for water use and allocations. In particular, groundwater is used far above the 

operable reserves through illegal wells. Therefore, laws and sanctions regarding the protection of water resources must be 

determined and introduced. In addition, basin-based water management should be institutionalized and the relevant structures be 

established as soon as possible. Since the characteristics of basins are different from each other, management plans to be 

implemented for each basin should be put into effect. In many basins, it is not possible to meet the allocations due to insufficient 

water. Therefore, the usage habits of users in such basins should be changed and water should be used sparingly. 

 

Care should be taken to ensure that any water management plans to be carried out on a basin basis in Turkey are carried out 

in the form of real evaluations in the field. The management organizations to be established on basin basis should be in a manner 

that can carry out all kinds of inspections regarding the use of water in the field. It is of great importance to implement the 

prepared basin water management plans and basin water allocation plans in the field in accordance with the reality and to 

minimize water loss. 

 

It is necessary to give the authority to influence both the plant pattern and the irrigation method to be applied in the relevant 

region to the organizations that have undertaken the management of water. In addition, activities that raise awareness should be 

carried out to ensure that water is used in the most efficient and responsible way at this stage. 
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ABSTRACT 
Problems such as global warming, climate change, water, and food 

availability have been some of the most important issues on the world 

agenda in recent years. For sustainable welfare, the concepts of equality, 

justice, and rights are indispensable for the ecosystem. At present, the 

adoption of legal regulations on water scarcity, the right to water, animal 

welfare, and animal rights as well as the awareness of conscientious 

responsibility for the individual and wider society has been an important 

development for the future. With this in mind, this article is aimed at 

contributing to the objective questioning of the concepts of rights and 

welfare with their emotional, legal, and scientific aspects by removing our 

presuppositions about life, and abandoning the distinction between living 

and non-living things. The study consists of two parts. In the first part, 

water scarcity and the right to water, and in the second part, evaluations 

are made in terms of animal welfare and rights. The general acceptance 

of water consumption as a need rather than a right has turned it into a 

commodity that can be bought and sold with the use of money. Although 

there is enough water in the world, the perception of scarcity 

consciousness arising from the possible inadequacy of the amount of 

consumable water needs to be re-questioned at the intellectual level by 

considering it from the perspective of a biological transformation. 

 

Keywords: Water, Animal, Scarcity, Right, Welfare 

 

 

1. Introduction 
 

1.1. Water scarcity  

 

Şahin (2016), while explaining water scarcity in her thesis, evaluated its conceptual definition in terms of economic science. 

Accordingly, a hotly debated topic in economics is the concept of scarcity. In economic terms, scarce resources are expressed as 

meeting infinite needs. The fact that needs are infinite and resources are limited means that individuals are confronted with a 

problem of choice.  

 

Classical and neo-classical economics literature refers to individuals who act rationally and in line with their interests when 

deciding between options as "Homo economicus". The fact that individuals behave like homo economicus in decision-making 

processes is usually explained by Adam Smith's "diamond-water paradox". In simple terms, the diamond-water paradox is based 

on a choice that a person in the desert has to make between diamonds and water, and the choice between diamonds, a luxury 

good, and water, of seemingly lesser value, favors water under the extreme conditions of the desert. The change in the value 

attributed to water and the characterisation of water as an economic commodity covers a certain process (Şahin 2016). It can be 

stated that this has become more evident in the changing world economic understanding. 

 

Water scarcity is one of the most important global environmental problems. Water scarcity, which is measured by the amount 

of water per capita and evaluated with the help of various indices, shows its effects in many regions of the world. The main 

causes of water scarcity are global climate change, drought, deforestation, the increase in fossil fuel use, change in consumption 

habits, economic growth, the increase in the global population and urbanization rates, pollution, lack of personal water use 

awareness, and water management policies that are not suitable for resources and shaped according to political understandings 

(Şahin 2016).   

 

In the water cycle (hydrological cycle), the basic dynamics of which is formed by solar energy, the water in the oceans first 

turns into vapour with solar energy, and the water that rises to the atmosphere by evaporation is carried over land. The water in 
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the clouds encountering cold air condenses and descends to the earth in the form of rain or snow. Some of the precipitation 

falling on the land returns to the atmosphere by evaporation and transpiration through soil and vegetation (Bilen 2008). 

 

The fact that water resources are facing the danger of extinction makes the problem of water scarcity the most important issue 

of the 21st century. For this reason, water resources have been a subject on the agenda on international platforms since the late 

1990s (Şahin 2016).   

 

It has been observed that average temperatures on land and in seas have increased by 0.85 °C in the last 100 years. As a result 

of increasing greenhouse gas emissions in the world and increasing global warming, it is estimated that the global temperature 

will increase by 1 - 3.5 °C over the next 100 years (Aksoy & Çabuk 2015). 

 

By 2050, the world population is expected to increase by 33% to 9.3 billion and accordingly, the demand for food is expected 

to increase by 60% in the same period. It is also estimated that the population living in urban areas will reach 6.3 billion in 2050, 

almost two-fold greater than the current population. In the Baseline Scenario of the Global Environmental Outlook prepared by 

the OECD, an upward trend in the strain on access to freshwater is projected by 2050, with an additional 2.3 billion people in 

addition to the current population living in regions subject to severe water stress, particularly in Northern and Southern Africa 

and South and Central Asia. Another report, BAU (a business-as-usual) scenario, estimates a 40% global water deficit by 2030 

(Küçüksakarya & Göçmen 2019). 

 

The decrease in water resources as a result of global warming is expected to cause a decrease in agricultural and forestry 

products, energy shortages, and population movement from coastal to inland areas. In order to protect the ecological balance and 

ensure the sustainable development of urban and rural communities, water resources should be used in the most rational way to 

meet current and future needs (Karaman & Gökalp 2010). 

 

In general, the water potential of a country is evaluated according to the amount of water per capita in that country. According 

to a widely used international criterion, countries with a water potential of 10,000 m3 per capita per year are called water-rich 

countries; countries with a water potential between 10,000 m3 and 3000 m3 per capita per year are called self-sufficient countries 

and countries with a water potential between 3000 m3 and 1000 m3 per capita per year are called water-scarce countries. Countries 

with less than 1000 m3 per capita per year are classified as water-poor countries (Uluırmak 2014). 

 

Another measure used to indicate water scarcity or water stress is the 'Falkenmark Index'. According to this index, scarcity 

or stress is determined in line with the annual per capita water amount in a region or country as follows  

 

- No water problem above 1.700 m3  

 

- Water shortage between 1.700-1.000 m3  

 

- Water scarcity between 1,000-500 m3 and  

 

- Below 500 m3 is considered as a region or country with absolute water scarcity (Muluk et al. 2013). 

 

Whether water is an economic or public good is a long-debated issue. However, the water policies implemented by countries 

today demonstrate that water is considered as an economic good. Economic science categorizes goods into different groups. One 

of these distinctions is free goods, which are abundant in nature according to human desires; the other is economic goods, which 

are scarce according to human desires. Beyond these goods, water is a geo-strategic and geo-political resource. It is not like other 

goods, it has a special position, strategy and policy. Namely (Savenije 2002); 

 

a. Water is mandatory. 

 

b. Water is limited. 

 

c. Water is fluid. 

 

d. Water is a system, the existence and continuation of the natural system depends on water. 

 

e. Water is difficult to transport. 

 

f. Water has no substitutes and its area of use is extensive. 

 

g. Water cannot be treated freely. 

 

h. Water is complex and cannot be subject to free trade. 
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According to Küçüksakarya & Göçmen (2019), if we need to emphasize the seriousness of the issue in our country, according 

to the State Hydraulic Works (DSİ) data, Turkey's per capita water potential is 1422 m3. In terms of both classifications, it is 

observed that Turkey is facing a water shortage. Based on the estimation of the Turkish Statistical Institute (TurkStat) that the 

population of Turkey will reach 88 million in 2030, it is thought that the annual per capita water level will be around 1 200 m3 

by 2030. However, these assessments are based on the assumption that Turkey, which is not a water-rich country, will transfer 

its current water resources to 2030 without depleting them, and it is estimated that Turkey, like many countries around the world, 

will experience water scarcity in the near future. 

 

According to a report published by the United Nations World Water Assessment Programme (DSDP 2015), 663 million 

people do not have access to drinking water. Similarly, according to the World Resources Institute, more than one billion people 

are facing water scarcity today and this number is expected to reach 3.5 billion by 2025. Considering these reports and the 

findings of various studies, water is fast becoming a scarce resource day by day and needs to be managed carefully and wisely. 

 

The agriculture sector is the field in which water resources are most extensively used. Worldwide, 70% of the fresh water 

extracted is used in agricultural activities and this rate reaches 90% in less developed countries (DSDP 2015). The rapid 

consumption and pollution of water resources by agricultural activities in order to meet the food demands of the growing global 

population and national populations increases the already existing scarcity and pressure on these resources. The fact that 

agricultural activities are carried out globally with inefficient irrigation systems further amplifies the problems. Considering the 

predictions that by 2050 there will be 60% more agricultural production in the world and 100% more in developing countries 

(DSDP 2015), it appears inevitable that many wetlands and river basins will face water scarcity in the near future. 

 

With climate change and human activities expected to increase, the increasing trend in conflict events could persist, with 

water resources becoming a more frequent cause of future conflict. Identifying these complex cooperation-conflict changes is 

vital in determining future actions required to reduce conflict events and promote cooperation on the subject of water (Kåresdotter 

et al. 2023). 

 

Water scarcity affects more than 40% of people worldwide, an alarming figure that is projected to rise as temperatures do. 

Although 2.1 billion people have improved water sanitation since 1990, dwindling drinking water supplies are affecting every 

continent. More and more countries are experiencing water stress, and increasing drought and desertification is already worsening 

these trends. By 2050, it is projected that at least one in four people will suffer recurring water shortages. Safe and affordable 

drinking water for all by 2030 requires investment in adequate infrastructure, the provision of sanitation facilities, and high 

hygiene levels. Protecting and restoring water-related ecosystems is essential. Ensuring universal safe and affordable drinking 

water involves accounting for over 800 million people who lack basic services and improving accessibility and safety of services 

for over two billion people (UNDP Turkey 2023). 

 

With this progress, per capita water use has reached unprecedented levels. A hundred years ago, even in the most developed 

societies, the services provided by these infrastructures, which were accessible to a limited number of people, were regarded as 

a fundamental right of citizenship, and for this reason, governments have made great efforts to rectify the deficiencies in these 

infrastructures, regardless of the costs. As a result, water use in the world in the 20th century increased at twice the rate of the 

global population growth (WHO 2021). However, this increase, together with the new problems of the modern age, has seen 

water shortages around the world reach unprecedented historic levels. Billions of people around the world face problems such 

as excessively polluted water; extreme climate events linked to global climate change, manifested by severe droughts or floods; 

and a lack of access to safe and affordable drinking water. These water challenges lead to increased insecurity, migration and 

the risk of violent conflict, especially in developing countries that lack the financial, technical and governance capacities to 

address these problems. 

 

Water is of great importance in all areas of agriculture, including crop farming, animal husbandry and aquaculture. The 

amount of water used in agriculture varies according to the method used. While soil moisture is sufficient for agriculture in some 

regions, rainwater-based agriculture is practiced in many regions, and irrigated agriculture can be practiced in suitable regions. 

Rainfed agriculture is practiced in 80% of the cultivated areas in the world and 60% of food production is provided from these 

areas. Although irrigated agriculture is practiced in about 20% of cultivated areas in the world, it accounts for 40% of food 

production (FAO 2020). Water withdrawals from surface and groundwater sources for irrigation are 2,797 km3 per year by 2020, 

accounting for 70% of all water withdrawals worldwide. In drier regions, this rate rises to over 90%. Irrigated agriculture accounts 

for more than 70% of global water use (FAO 2020). 

 

Excessive groundwater abstraction, inefficient irrigation methods, salination of groundwater reserves and excessive use of 

fertilizers have become major threats to water resources. Water is mobile, it does not disappear. The amount of water on earth 

remains constant over the years. The water cycle is the most important assurance of the renewal of water resources. Every year, 

a volume more than the water mass in the Black Sea, i.e. 577,000 km3 of water, is recirculated in this cycle (TEMA 2021). 

 

According to the UN, a "water shortage" occurs when a region withdraws 25% or more of its renewable freshwater resources 

(United Nations Water 2021). Today, one of the main factors for the current water crisis is global climate change. Due to global 
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warming, rainfall irregularity as well as widespread and prolonged drought, on the other hand, are becoming frequent occurrences 

(UNDRR 2021). The UN defines water scarcity as "the point at which the demands of all water users for water supply or quality 

cannot be fully met within the framework of the institutional arrangements in place" (United Nations Water 2021). 

Mathematically, water scarcity is defined as "the ratio of human water consumption to available water supply in a given area". 

Hydrologists generally assess and rate water scarcity in a region according to this population/water ratio. 

 

The National Water Policy (Ulusal Su Planı 2019-2023) sets out the general outlines of our national water policy with the 

goal of "A Turkey with a National Water Policy" in the vision of 2023. In this context, in the publication prepared by the Turkish 

Ministry of Agriculture and Forestry; i.e. the Special Expertise Commission Report on Water Resources Management and 

Security prepared within the scope of the 10th Development Plan, water security is defined as 'the ability of a society to maintain 

its access to the water it needs for purposes such as drinking, using, irrigation water supply and energy production and to protect 

itself from the possible damages of water' (Ulusal Su Planı 2019-2023). 

 

According to the proceedings (DSİ 2017), 51 decisions on water were reached at the 2nd Forestry and Water Council. Among 

these decisions, the decision on water law is provided below; Decision 34. Institutions and organizations working in the field of 

water law and policies should be supported and the development of their institutional capacity on these issues should be 

encouraged.  

 

The establishment of a healthy supply-demand balance depends on the correct determination of inter-sectoral water use needs. 

In Turkey, a total of 54 billion m3 of water are used annually, of which 7 billion m3 (13%) are used in industry, 7 billion m3 

(13%) as drinking and potable water and 40 billion m3 (74%) in irrigation. This amount corresponds to 48.2% of the technically 

and economically available 112 billion m3 water potential. In the last 20 years, there has been a 40% increase in the total amount 

of water consumed in Turkey. Considering the population growth rate and the growth in the drinking-utilization, agriculture, 

industry and energy sectors, it is predicted that the amount of water that will be needed in the next 25 years will reach three times 

the current water consumption. (Ulusal Su Planı 2019-2023). 

 

According to the Ulusal Su Planı (2019-2023), it is clear that the increasing water demand will gradually increase the pressure 

on existing resources. Within the scope of the use of 112 billion m³ of water, which is among our 2030 targets, which is the 

current technically and economically usable potential, and the development and utilization of irrigated agricultural areas, sectoral 

water use is planned to be 64% for agriculture, 20% for industry and 16% for domestic use (DSİ 2017). The distribution of 

population, industrial activities and other sectoral activities in Turkey does not exhibit a balanced and homogenous structure. As 

of 2017, the total gross irrigated land area reached 6.5 million hectares, which corresponds to 72% of the total economically 

irrigable land (DSİ 2017).  

 

In 2016, the net irrigation area in Turkey was 3 million hectares (DSİ 2017). Most of the irrigable agricultural land (about 

75-80%) is irrigated with surface water and the rest with groundwater. In 2016, 77% of the 43 billion m3 of water used for 

irrigation in Turkey was surface water and 23% was groundwater (DSİ 2017). In water distribution systems, traditional systems 

with high leakages and evaporation losses account for the majority. 

 

1.2. Right to water 

 

The right to water is the right of people to have access to healthy and economically viable water. What is meant by this right is 

that it is not only a right specific to humans, but also covers all living beings (Firidin 2015). 

 

Water is a fundamental element of vital importance not only for humans but also for all living things in nature. Due to the 

vital importance of water, it is a fundamental right for humans and this right must be evaluated within the scope of human rights. 

Human rights include the fundamental rights and freedoms recognized as possessed by all human beings. These rights are the 

rights that every human being can enjoy regardless of race, language, religion and gender (Özsoy 2009). 

According to the neo-liberal approach, the right to education, health and water are not rights but needs and the state should 

intervene and meet these needs (Çulhaoğlu 2001). 

 

The basic view of neo-classical economics is based on the assumption that human needs are diverse and infinite, whereas the 

means and earth resources that can fulfil human needs are limited. For this reason, every object intended to fulfil these needs is 

considered as a "commodity" whose value must be determined. This presupposition tries to transform water, which is 

indispensable for all living beings and cannot be substituted, into a commodity in today's conditions; the privatization of water 

is brought to the agenda in the global stage of capitalism due to the excessive profit ambition of capital, and with 

commercialization, water is offered to the market as a commodity that can be bought and sold, accessible only to those with 

money (Özsoy 2009). 

 

In discussions on the relationship between neoliberal policies and health, health is frequently reduced to health policies and 

the effect of neoliberal policies are generally assessed only in the frame of global transformation of health systems. However, 

health is being shaped not only by biological factors and health systems, but also by economic, social and political factors like 
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living, working, housing conditions and nutrition. The rise in unemployment; worsening of working conditions; increased 

flexibility of legislations regarding the security of the environment, agriculture and food, urbanization and nutrition; weakening 

of state supervision on capitalist enterprises which harm public health and the deepening of social inequalities are the other 

dimensions of the impact of neoliberal policies on public health (Temmuz 2017). 

 

The greatest threat to nature is the transformation of technological progress into a mechanism that is deeply connected to the 

capitalist system and operates only by the rules of the market. Since the capitalist system, which recognizes nature as a tool, tries 

to dominate nature, the results that have emerged today have been constantly ignored. As Marx stated in his 1844 Political 

Economy and Philosophical Writings, "Man lives in dependence on nature. Nature is man's body. Man must be in a good and 

constant dialogue with nature in order not to die. To say that man's physical and cerebral life depends on nature is to say that 

man depends on nature itself. Because man is a part of nature with his whole being." The capitalist system, which worships 

overproductionism with the greed for profit, uses nature irreversibly. The exploitation of all elements of human and nature for 

capital accumulation is perceived as the natural dynamics of the system and these conditions pave the way for ecological 

destruction. The process transforms natural relations into commodity relations (Özsoy 2009). 

 

According to Minibaş (2008) quoted by Özsoy (2009) in his article, water is one of the most indispensable requirements for 

the life of other living creatures as well as humans. Therefore, its demand is continuous. Due to its non-substitutable feature, its 

use value is very high. Since it is an indispensable requirement of life, it is a compulsory complement in agriculture and animal 

husbandry. It is used as input in various stages of production from the manufacturing industry to construction, from mining to 

health, from transport to energy production. It is an energy source used in transport and lighting as well as irrigation.  

 

The following first three articles of the Universal Declaration of Human Rights and articles 11 and 12 of part III of the 

International Covenant on Economic, Social and Cultural Rights and are of a nature that can be a source for recognizing water 

as a fundamental human right: 

 

Article 1) All human beings are born free and equal in dignity and rights, are endowed with reason and conscience, and 

should act towards one another in a spirit of brotherhood.  

 

Article 2) Everyone is entitled to all the rights and freedoms set forth in this Declaration without distinction of any kind, such 

as race, colour, sex, language, religion, political or other opinion, national or social origin, wealth, birth or other status.  

 

Article 3) Every individual has the right to life, liberty and security (Anonymous 2023a).  

 

International Covenant on Economic, Social and Cultural Rights (PART III):  

 

Article 11 

 

1. The States Parties to the present Covenant recognize the right of everyone to an adequate standard of living for himself 

and his family, including adequate food, clothing and housing, and to the continuous improvement of living conditions. The 

States Parties will take appropriate steps to ensure the realization of this right, recognizing to this effect the essential importance 

of international cooperation based on free consent. 

 

2. The States Parties to the present Covenant, recognizing the fundamental right of everyone to be free from hunger, it shall 

take, individually and through international co-operation, the measures,including specific programmes, which are needed: 

 

(a) To improve methods of production, conservation and distribution of food by making full use of technical and scientific 

knowledge, by disseminating knowledge of the principles of nutrition and by developing or reforming agrarian systems in such 

a way as to achieve the most efficient development and utilization of natural resources; 

 

(b) Taking into account the problems of both food-importing and food-exporting countries, to ensure an equitable distribution 

of world food supplies in relation to need. 

 

Article 12 

 

1. The States Parties to the present Covenant recognize the right of everyone to the enjoyment of the highest attainable 

standard of physical and mental health. 

 

2. The steps to be taken by the States Parties to the present Covenant to achieve the full realization of this right shall include 

those necessary for: 

 

(a) The provision for the reduction of the stillbirth-rate and of infant mortality and for the healthy development of the child; 
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(b) The improvement of all aspects of environmental and industrial hygiene; 

 

(c) The prevention, treatment and control of epidemic, endemic, occupational and other diseases; 

 

(d) The creation of conditions which would assure to all medical service and medical attention in the event of sickness 

(Anonymous 2023b).  

 

Every human being deserves to have the means to meet his/her most basic needs such as food, shelter and water. Although 

there is no article on water in the Universal Declaration of Human Rights, it can be argued that the right to life stated in the third 

article includes water. Many people interested in the subject have also emphasized the third article and expressed a similar 

opinion. 

 

Many international treaties and conventions define a wide range of human rights. The 1966 "International Covenant on 

Economic, Social and Cultural Rights", the 1966 "International Covenant on Civil and Political Rights", the "Declaration on the 

Right to Development" and the "European Convention on Human Rights" being the most notable ones (Tomanbay 2008). All 

other fundamental rights included in the scope of human rights in such agreements and conventions are rights related to the "right 

to water". These conventions, which include provisions on issues such as food, health and housing, both directly and indirectly 

refer to the right to water. Because water, as the basic building block of life, is directly linked to many issues such as clean and 

sufficient food, health and medical care. 

 

Ünlü (2017) in his article, Right to Water, stated that water resources are adversely affected as a result of the harmful activities 

of people. These negative developments cause people to be more sensitive to water policies and even the right to water. The right 

to water is the right of people to access healthy and affordable water (Firidin 2015). In the third article of the Universal 

Declaration of Human Rights, it is stated that the individual has the right to life. The individual's right to life is directly 

proportional to the water he/she needs to consume daily. Since humans cannot live without water, the right to water becomes a 

fundamental human righ. In 1994, the Programme of Action of the Conference on Population and Development clearly states 

that the right to water and the right to protect one's health are included in the right to life (İlhan 2011). Five years after this 

programme, according to Article 175, paragraph 53 of the General Assembly Resolution 175, clean water is one of the 

fundamental human rights. According to General Statement 15, the international document was published by the United Nations 

Committee on Economic, Social and Cultural Rights in 2002. The Committee's report states that "Every individual living in the 

community has the right to adequate, safe, physically accessible and affordable water for personal and domestic use". However, 

the right to water cannot be demanded directly from the state. The state is obliged to provide clean and safe drinking water in a 

way that the society will pay for it (Kartal 2009). 

 

UNDP also defines water as a human right in international treaties. International human rights laws includes specific 

obligations regarding access to safe drinking water. These obligations require access to clean drinking water in quantities 

necessary for personal and living space uses, defined as drinking water, sanitation, food and personal; water for household 

hygiene. These obligations require states to maintain the quality of sanitation to ensure access to adequate sanitation (OHCHR 

2010). 

 

Narin (2016) discusses the right to water as a human right and the privatization of water. Water was recognized as a human 

right by the UN Committee on Economic, Social and Cultural Rights in 2002 with General Comment 15. In the following years, 

the right to water has been the subject of many international conferences as well as constitutionally recognized in national law. 

Today, the right to water has been recognized by more than 160 countries and constitutionally protected by 28 countries. Since 

water is essential for life, the demand for the right to water in terms of access to sufficient water is not so different from the 

demand for the right to life. For this reason, it is crucial that the regulations of the right demand, which have started in national-

international law, are reflected in constitutional and legal regulations. 

 

In Narin's (2016) article, the right to water was included in human rights law with General Comment No. 15, which was 

introduced at the 29th session of the UN Committee on Economic, Social and Cultural Rights in Geneva (Topçu 2009). 

Accordingly, the right to water is an integral part of the right to adequate housing and adequate nutrition under Article 11 and 

the right to health under Article 12. In General Comment No. 15, it is stated that water is a basic public good for life and health, 

a prerequisite for the realization of other rights, and the right to water is defined as follows: "The right to water as a human right 

stipulates that everyone has the right to adequate, safe, acceptable, physically accessible and affordable water." It is expressed 

as follows. 

 

The right, which is expressed as the embodied form of freedom, is the means of realizing freedom (Kaboğlu 1993). The 

powers recognized as "rights" in the Constitution and laws bring with them the "power to demand", which means that the person 

can demand the fulfilment of his/her rights by the state or individuals. In terms of the right to water as a human right, individuals 

can undoubtedly make some demands. However, for this, the basis of this "power to demand" of the person must be established.  
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In Narin's (2016) article, although it is a generally accepted thesis that international law norms are superior to all domestic 

law rules, including the constitution (Gözler 2010), some authors distinguish international law from domestic law and argue that 

the rules in international law cannot be directly applicable in domestic law. Therefore, in order for the right to water, which is 

widely recognized in international texts, to be claimable, its place in domestic law is important. Turkey has ratified the 

conventions and directives mentioned in this study. While some of these conventions directly include the right to water, in some 

texts it is considered among the obligations of the state. Aside from this, the right to water is also considered as a part of the right 

to life. Therefore, a normative justification can be made in terms of the right to water in all cases; however, what is important 

here is the impact of these international texts on Turkish law. According to Article 90 of the Turkish Constitution, international 

treaties have at least the force of law in domestic law. In this respect, the right to water as a human right is not a foreign concept 

to Turkish law (Şirin 2010). Moreover, when water is considered within the right to life, it imposes both positive and negative 

obligations on the state. In this case, the state is obliged to fulfil the acts necessary to ensure the use of the right to water as well 

as eliminating the factors that prevent the use of the right to water (Çiçek 2009).  

 

Constitutions are the fundamental texts that provide the strongest protection for fundamental rights and freedoms. If a 

guarantee is to be mentioned in terms of the right to water, constitutional protection must be provided first and foremost. Although 

it is stated that there are many constitutions that include provisions on the right to water in their constitutions, it is stated that the 

Uruguayan Constitution is the first constitution that recognizes water and sanitation as a human right and explicitly guarantees 

it (Narin 2016). 

 

2. Animal welfare and rights 
 

2.1. Animal welfare  

 

Animal welfare discipline originates from animal rights and animal protection philosophy. It was only in the later period of time 

that the subject was handled within the scope of positive animal sciences (Fraser 1999). 

 

Today, many factors play a role in the adoption of legal regulations on animal welfare as a social consensus text. Animal 

welfare or welfare is a field that has been carried out as a task by practitioners in line with social needs. On the other hand, animal 

welfare is an issue that concerns all areas and persons related to animals. All kinds of studies on the subject will continue as long 

as people "need" animals. Considering that the needs of humans and other animal species for each other as parts of the world 

ecosystem (although the contribution of humans to the functioning of the world ecosystem is not known) will not end, it is clear 

that studies on the subject will not end (Savaş et al. 2009). 

 

The concept of animal welfare is defined in various ways by many people and organizations. The first official definition of 

animal welfare was defined as the physical and emotional well-being of the animal by the Brambell Committee (Thorpe 1965) 

established by the British government in 1965. In another definition, welfare includes not only the physical conditions of the 

animal but also its emotional state (Duncan 2002; Fidan 2012). 

 

If we look at animal welfare from a more general perspective, it can be said that it is a complex definition that includes all 

components of animal life.  

 

In Bilgili's (2021) article, the Animal Welfare Committee established in 1993 within the UK government listed the 5 freedoms 

that should be given to animals as follows (FAWC 1993):  

 

1- Animals should not be deprived of their needs in the form of hunger, thirst, etc.,  

 

2- Animals should not be disturbed by the environmental conditions they are in,  

 

3- Protection of animals from bumps, injuries and diseases that cause pain and suffering, 

 

4- The ability of animals to exhibit normal behavior and  

 

5- Protection of animals from activities or situations that cause fear and stress 

 

As can be concluded all animals should have access to the appropriate water source and feed at intervals appropriate to their 

physiological needs. The water to be consumed should be clean and of good quality, and animals should be able to access the 

water source at liberty. 

 

Similarly, there are provisions regarding access to water in the existing laws in Turkey. For example; as can be observed in 

Article 13 of the "Regulation on the Welfare of Farm Animals" prepared on the basis of Article 9 of the Veterinary Services, 

Plant Health, Food and Feed Law No. 5996 dated 11/6/2010 and numbered 5996, "All animals are provided with access to fresh 

water in sufficient quantities and their daily fluid intake needs are met" (Anonymous 2010). 
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Regulation on the Welfare of Farm Animals 

 

(This Regulation has been prepared based on Article 9 of the Veterinary Services, Plant Health, Food and Feed Law No. 5996 

dated 11/6/2010). 

 

Feed, water and other substances 

 

ARTICLE 13  

 

(1) Farm animals are fed in sufficient quantities to maintain their health and meet their nutritional needs and with a suitable 

feed adapted to their age, weight, behaviour and physiological needs. No animals shall be given food or liquids containing any 

substance which may cause unnecessary suffering or injury. 

 

(2) All animals are given access to feed at intervals appropriate to their physiological needs. 

 

(3) All animals are provided with access to fresh water in sufficient quantities to meet their daily fluid intake needs. 

 

(4) Feeding and drinking water equipment is designed, constructed and installed in such a way as to prevent contamination 

of food and water and to minimize the harmful effects of competition between animals. 

 

(5) Except for substances authorized for use by the Ministry for treatment, protection or zootechnical treatment, no other 

substance shall be administered to animals unless it is shown by scientific studies or experience that the effect of the substance 

in question is not harmful to the health or welfare of the animal (Anonymous 2010).  

 

Human beings have different abilities to understand, interpret and question the universe and life. This situation causes 

perceptual differences in analyzing, thinking and reasoning in mental activities. Therefore, scientific approaches are also affected. 

 

2.2. Animal rights 

 

According to Arslan & İlgili (2022), the concept of animal rights is defined in a wide range of ways, from views that oppose the 

use of animals in any way to approaches that approve their use with certain limitations. The main arguments are shaped in 

contexts such as animals' ability to feel, to feel pain and pleasure, to have interests, to be subjects of life, their moral status and 

speciesism. Based on these contexts, rights such as the right to life, to be respected, not to be exploited, to be well cared for, to 

be looked after, to be protected, to benefit from the knowledge of humanity, not to be mistreated, not to be made to suffer, to be 

killed painlessly and without fear when death is mandatory, to live and reproduce in an environment suitable for its nature, to 

complete its natural life, not to be abandoned, rest, nutrition, limitation of workload for animals used in various jobs, not to be 

made the subject of human entertainment, protection of honour and protection of habitats are mentioned (Neumann 2012; Phillips 

& Kluss 2018). 

  

Sinmez (2022), in his article entitled “The Current Constitutional Position of Animal Rights in the World and Turkey”, 

analyzed the constitutional texts and identified a total of 15 countries (Germany, Austria, Bolivia, Brazil, Gambia, South Sudan, 

India, Switzerland, Iceland, Libya, Malaysia, Mexico, Egypt, Papua New Guinea, Slovenia) that protect animal rights and include 

articles that protect these rights in principle. 

 

It is only possible for people to protect and develop their material and spiritual assets by ensuring that they live in a healthy 

and balanced environment with all other living and non-living things. In this context, the most fundamental duty of humans is to 

leave a habitable world for future generations by protecting nature and all living and non-living things that are part of it from 

existing dangers (Akbulut & Çobanoğlu 2020).  

 

Among legal systems, there are three main views on whether animals should be accepted as a subject of law, and these are 

listed as follows (Koçhisarlıoğlu & Erişgin 2013);  

 

- The view that animals are recognized as property (object),  

 

- The view that animals are recognized as person-like,  

 

- The view that animals are recognized as persons.  

 

The view that accepts animals as things (objects) positions animals within the human-centered understanding of 

environmentalism. In anthropocentric environmentalism, humans are placed at the center of the environment and everything in 

nature is positioned according to humans. In this understanding, the human being is considered as an entity that is at the top of 
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the species in a hierarchy, separate from nature, and independent from the natural relations to which other species are connected 

(Keleş et al. 2012).  

 

The human-centered understanding of environmentalism reveals the justification for the protection of the environment based 

on human beings. Although the necessity of protecting the environment is emphasized in this understanding, this necessity is not 

based on a conception of nature that deserves to be protected for its own sake, apart from human purposes. As such, 

environmental policy based on anthropocentric environmentalism aims to protect only those assets that need to be protected in 

terms of instrumental values corresponding to human goals. An ecological problem is considered as a policy problem to the 

extent of the negativities, threats and dangers it poses for human beings. In cases where there is no benefit for human beings, 

such an environmental policy neither identifies an ecological problem nor resorts to any protective measures (Keleş et al. 2012). 

 

According to those who proceed from this idea, animals should be accepted as goods by legal systems and there is no concept 

of animal rights. Therefore, it is impossible for animals to be subjects of law (Akbulut & Çobanoğlu 2020).  

 

Today, it is frequently stated that the legal status of animals is not property, in other words, they should not be subject to 

similar provisions as tables, clothes, automobiles. It is even argued that animals can also have rights within the framework of 

certain principles (Akbulut & Çobanoğlu 2020).  

 

This view proposes to create a special legal personality for animals instead of recognizing a personality by likening animals 

to humans as a method to be applied. This is because the characterizations based on the concept of person refer to the animal 

being the subject of rights, while the characterizations based on the concept of property refer to the animal being the object of 

rights. In attempts to define animals based on the concepts of "person" and "thing", which are two important concepts of law, 

animals are referred to with terms such as "person-like" or "atypical thing" (Cumalıoğlu 2017).  

 

The view that recognizes animals as persons is based on theories based on the animal rights approach. It can be said that the 

animal rights movement emerged as a result of sensitivity towards the suffering of animals. The living conditions imposed on 

cattle, sheep and poultry in order to obtain more meat, more milk and more eggs in animal farms, the slaughter of lambs in the 

early period, and the use of animals for sports purposes causing pain to humans (Ünder 1996). 

 

The proponents of this view proceed from the criterion of "suffering" and state that all living beings with a nervous system 

and a brain can suffer. Since animals, just like human beings, have an interest in not suffering, it is stated that humans and 

animals have equal rights. According to this understanding, every living being that can enjoy pleasure and feel pain should be 

recognized as a subject of law, without any distinction between human or animal. Otherwise, if the interests of animals are 

ignored or deemed insignificant just because they are not of the same species as humans, a racist and sexist logic is adopted 

(Özgür 2010).  

 

In Turkey, efforts to make a law on the protection of animals were first initiated in the 1980s, and it was not until 2004 that 

the idea in question was realized. When the historical process is analyzed, while the activities related to stray animals were within 

the duties and responsibilities of municipalities until 1991, with the establishment of the Ministry of Environment, the 

responsibility was divided between these two institutions. While the Ministry of Environment was tasked with the preparation 

of the legal framework, making strategies and plans related to stray animals and supervision issues, the responsibility for the 

implementation of the law to be enacted was left to the municipalities. In 1995, two separate draft laws of the protection of 

animals were prepared, one by the General Directorate of Environmental Protection and the other by the State Ministry 

responsible for human rights, but neither of these two drafts was enacted (Menteş & Osmanağaoğlu 2009). This objective could 

only be realized with the adoption of the Animal Protection Law No. 5199 on 24.06.2004.  

 

Article 4/1-(a) of the Law states that "All animals are born equal and have the right to live within the framework of the 

provisions of this Law" and Article 4/1-(b) states that "domestic animals have the freedom to live in the living conditions specific 

to their species. The lives of stray animals should be supported just like owned animals", and in Article 4/1-(c); "Necessary 

measures should be taken for the protection, care and care of animals and to keep them away from maltreatment" (Cumalıoğlu 

2017). Article 14 of the Law titled "Prohibitions" regulates the acts considered as misdemeanors within the scope of the Law, 

and these acts include; intentionally mistreating animals, cruel treatment, beating, starving, exposing to extreme heat and cold, 

neglecting their care, causing physical and psychological pain, forcing animals to perform acts that are clearly beyond their  

strength, giving animals addictive food or drinks such as alcohol, cigarettes, drugs, distributing animals other than animals raised 

for slaughter as prizes, bonuses or premiums, and torturing animals.  

 

When evaluated in general, it can be said that in addition to the results that can be perceived as animal rights in Law No. 

5199, there are approaches to the continuity of biological and physical phenomena specific to the species of animals in the 

ecosystem 

 

Similarly, Law No. 5996 on Veterinary Services, Plant Health, Food and Feed published in the Official Gazette No. 27610 

dated 13 June 2010 sets out the provisions on the protection and welfare of animals. Article 9 of the Law No. 5996 contains the  
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following provisions (Anonymous 2010);  

 

(1) Animal owners or persons responsible for animal care are obliged to meet the shelter, care, nutrition, health and other 

needs of animals in order to ensure animal welfare, and to take the necessary measures against the negative effects that the 

animals under their responsibility may have on human, animal and environmental health.  

 

Environmental Law (Anonymous, 1983) No. 2872 contains some provisions protecting endangered species. In Article 9/1-

(f) of the Environmental Law titled "Protection of the Environment"; "f) In order to ensure the sustainability of biological 

diversity, it is essential to protect threatened or endangered species and rare plant and animal species and it is forbidden to trade 

them in violation of the legislation". 

 

Article 181 of the Turkish Penal Code regulates the act of polluting the environment intentionally, in other words, knowingly 

and willingly, while Article 182 of the Turkish Penal Code regulates the act of polluting the environment negligently. The 

aforementioned article is as follows (Anonymous 2004);  

 

(1) A person who negligently causes waste or residues to be discharged into the soil, water or air in such a way as to damage 

the environment shall be punished with a judicial fine. If these wastes or residues leave a permanent effect on soil, water or air, 

imprisonment from two months to one year shall be imposed.  

 

In the Turkish legal system, it should not be forgotten that it is necessary to develop laws on the protection and rights of 

animals, to revise the current situation according to new needs and to raise awareness in individuals and wider society within a 

hierarchical and systematic scientific discipline. 

The lexical meaning of the concept of animal; 

 

Şengül (2019) made the definition of the word animal in his thesis as follows; Sahihi is in the meter of "ḥalecân" with the 

conquest of ya. It belongs to the classification of words in which a vowel drop is seen as the reason for falling into a galat state. 

Today it is used as an "animal".  

 

Kamus-ı Türkî gives the meaning of "vitality, life, vitality, ab-ı animal, ab-ı hayat".  

 

In the Ottoman-Turkish Encyclopaedic Dictionary, it has four meanings: The first meaning is "vitality". This meaning almost 

matches the meaning in Kamus-ı Türkî. The second meaning is "living thing" and the third meaning is "all living things, including 

human beings". These meanings evoke the concept of human being, which is a part of life, and the meaning event of name 

transfer is experienced with the part-whole relationship. In the fourth meaning, it is clear that the word has expanded its meaning 

by adding a semantic element in the form of "foolish man".  

 

There are four meanings of the word in the Grand Turkish Dictionary: The first meaning is explained as "a living creature 

with the ability of feeling and movement, acting with instincts", the second meaning is "mindless, emotionless, rude, harsh 

(person)", and there is a transition to grammatical meaning by giving the meaning of "mindless, emotionless, rude, harsh 

(person)". (noun→adjective) by changing the word type (noun→adjective), meaning expansion occurred in the lexeme with the 

change of live→mindless. The third meaning is "a word said to someone who is angry", which can be considered as an insult. 

Although slang generally covers the uses of a language outside the written language, we can observe this meaning in the 

dictionary since these uses are one of the sources that dictionaries feed on in terms of words and meaning. The fourth meaning 

is stated to mean "a creature used in various services such as horse, donkey, mule". 

 

While scientists have made many definitions concerning animal welfare, it has been emphasized that animals have emotions 

and the importance of both physical health and mental health. 

 

In the Protocol on the Protection and Welfare of Animals (Amsterdam Treaty 1997), animals are recognized as "sentient 

beings" (Antalyalı 2007; Ünal 2007). 

 

In an article entitled "An evaluation on the protection and welfare of animals in hadiths" published by Sinmez et al. (2015); 

there are provisions (albeit in small numbers) about animals in the Torah, Psalms and the Bible that animals have rights as living 

beings (Armutak 2008a). The fact that seven sūrahs in the Qur'an, which consists of one hundred and fourteen sūrahs, have 

animal names and deal with animals, and that this constitutes 6.14% of the total of the holy book, is considered among the reasons 

for the importance given to animals and the compassion shown towards them in the Islamic religion and Islamic societies 

(Armutak 2008b). According to the above, it is concluded that there are provisions about animals in all divine religions, but more 

importance is given in Islam and the Qur'an.  

 

Körbalta (2019) in his article, in terms of Turkey's national security, food, environment, economic and social security in the 

future may threaten this process can be reversed by stopping. Ensuring that water resources are more usable and sustainable in 

terms of quality is possible through effective environmental management. Within the scope of the presentation of water resources, 
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which are conserved in terms of quantity and quality, to users, water should be presented as a "human right" without forgetting 

that water is a basic requirement for life. Therefore, it can be said that water is a fundamental right and need for all living things. 

 

3. Conclusions  
 

In recent years, environmental problems have become one of the most discussed issues in public opinion as the effects of natural 

events, which are estimated to threaten humanity, are observed. The life of all living things is also endangered in nature whose  

balance is disturbed. If necessary, precautions are not taken, it is inevitable that water resources will also be affected.  

 

Considering that the majority of people in many countries today face water shortage, it can be observed how important the 

dimensions of the danger are. Failure to take action and plan accordingly in terms of the efficient use of water as well as ensuring 

easy access to water now will ensure that we lack the necessary water sources and water availability for the continually growing 

global population. Therefore, people should be made aware of the importance of protecting the ecological balance with all 

stakeholders, the necessity of the rights of all living beings to access and use water without discrimination, the necessity of 

protecting existing water resources, and the understanding of animal welfare and animal rights. 

 

From the point of view of the responsibility and competence of the universe, it should never be forgotten that the rights of 

each of the living species sharing the world with all their formations should be respected in accordance with their own biological 

characteristics - balanced - understanding behaviour. We have to be more careful about the cosmos to be bequeathed to future 

generations. For this reason, the concepts of the right to water, animal welfare, and animal rights should be evaluated in a 

multidimensional manner with a holistic approach within the framework of equality and respect. 
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ABSTRACT 
Global warming and climate change put excessive pressure on the use of 

groundwater resources. As the demand for water consumption in fields 

such as agriculture and industry increases worldwide, the need for the 

modeling and evaluation of groundwater potential and quality efficiency 

increases accordingly. Nowadays, methods based on multi-criteria 

decision-making techniques such as geographic information systems 

(GIS), analytical hierarchy process (AHP), fuzzy analytical hierarchy 

process (F-AHP) and ELECTRE have begun to be used rapidly in the 

field of groundwater. These methods are of great importance because they 

reveal information faster. They are also a tool for the communication and 

meaning of information. In the light of this information, this study was 

carried out in order to model and evaluate the groundwater potential and 

quality of Van, Türkiye. In order to evaluate the groundwater potential of 

the Van province basin, remote sensing data with AHP and Fuzzy AHP 

methods, which are GIS-based MCDM programs, were used. Eight 

thematic maps such as precipitation, slope, soil texture, land use/land 

cover, geology, geomorphology, drainage density, drainage density and 

fault density were created. These thematic parameters were graded and 

weighted in the AHP method according to their effects on the 

groundwater potential. Then, five different groundwater recharge 

potential regions were classified as very good (8%), good (17%), 

moderate (43.37%), poor (23.03%) and very poor (9.6%). The evidence 

obtained by validating the results is in line with flow calculation studies 

showing that groundwater flows from the south to the northeast, middle 

and north to the southwest of the basin. The evidence obtained by 

validating the results is consistent with the flow calculation values 

showing that the groundwater basin flows from south to northeast, center 

and north to southwest of the study area. The validation shows that the 

method applied for the study area gives a meaningful and reliable result.

 

Keywords: AHP, Fuzzy-AHP, GIS, Groundwater Potential, MCDM

 

 

1. Introduction 
 

Groundwater, one of nature's most valuable resources, is found in underground rocks, sediments, cracks and pore spaces. This 

groundwater plays an important role in economic growth as well as human welfare and maintaining the ecological balance (Zekai 

2008; Naghibi et al. 2015). About 30% of the fresh water in the world is groundwater, of which only 0.3% is surface water, lakes, 

marshes, reservoirs and rivers (Senanayake et al. 2016). Rainwater seeping into the aquifer through soil pores and snowmelt are 

the two main sources of groundwater. The consumption of groundwater is more dependable and fresher than that of surface 

waters since it is more practical and less prone to pollution. Groundwater, which is more reliable and pure than surface water, 

has emerged as a global concern in the last century as the demand for fresh water increased with rapid industrialization and 

population growth (Manap et al. 2014). For this reason, groundwater extraction is crucial for water management and planning, 

particularly in rural areas (Das & Pardeshi 2018). In order to build a large irrigation system that uses sustainable resources, it is 

crucial to identify any possible groundwater locations. Groundwater formation in the region might be referred to as prospective 

groundwater in terms of groundwater exploration (Pathak 2017). 

 

Although there is not enough groundwater in the world, excessive consumption and uncontrolled water use cause a further 

decrease in groundwater. Remedial procedures at the national, regional, and local levels should therefore be identified in advance 

and then used in order to ensure the sustainability and protection of groundwater and surface waters. 

 

Groundwater movement; Lithological variation is defined by topographic condition, slope, geology, precipitation patterns, 

soil texture, etc., through soil pores (Mallick et al. 2014). This knowledge is an important link between the conservation and 

management of regional, national and international biodiversity, and the extensive exploration of local water resources. The use 

of Remote Sensing (RS) and Geographıcal Informatıon System (GIS), which are powerful tools, is very valuable in determining 

possible groundwater potential regions of arid and semi-arid regions (Rahmati et al. 2015). Analytical Hierarchy Process (AHP), 
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which is one of the multi-criteria decision-making methods in various fields such as water, natural resources method, 

environmental impact analysis and regional planning, is widely used as well as being applied effectively (Rahaman et al. 2015). 

 

In multiple data set analysis, the geometric mean of the parameters and the comparison matrix AHP technique is used in 

normalized weight calculation (Chowdhury et al. 2010). 

 

The Van basin depends on groundwater, which is a reliable and vital natural water source. Currently, groundwater constitutes 

the majority of the city's annual water demand for agricultural, domestic and industrial needs. In addition to the rapid population 

growth, the excessive water demand of sectors such as agriculture, industry, and tourism poses a significant problem for the city 

of Van (DSI (State Hydraulic Works) 2015). 

 

There are not many studies on the determination of potential groundwater resources in Van province. Therefore, this study 

provides a broader view of the potential groundwater distribution of the basin by using multi-criteria decision analysis (MCDA) 

and other variables in the evaluation of groundwater potential regions (Aslan & Celik 2021). 

 

AHP, one of the multi-criteria decision making techniques, has been widely used by Saaty in the field of water resources 

engineering. In various water resource management studies, the AHP method has been successfully applied by integrating it with 

MCDA, RS and GIS techniques (Machiwal et al. 2011; Pinto et al. 2017). 

 

For this reason, GIS supported AHP and Fuzzy-AHP methods were used to evaluate the groundwater potential resources of the 

Van basin and to integrate parameters such as hydrogeology, geology, geomorphology, soil texture, drainage density, and 

LU/LC. In addition to ensuring optimum and sustainable development and management of this critical groundwater resource, 

the purpose of designing potential sites is to develop a guide map for prospective groundwater exploration/operation (Das &  

Pardeshi 2018). Technologies such as remote sensing and GIS supported, AHP, TOPSIS, Fuzzy - AHP methods can be used 

with relatively accurate results in determining groundwater regions to solve the problems (whether there is groundwater or not). 

With these methods, it is possible to determine the boundaries of high potential regions in accessible areas. 

 

2. Material and Methodology 
 

2.1 Location and hydro-meteorology of the study area 

 

The drainage area (17861.2 km2) of Lake Van basin (The study area is located between 42° 40' and 44° 30 East longitudes and 

37o 43' and 39o 26' North latitudes) was calculated using GIS. The land surface area of the basin excluding the lakes is 14101.4 

km2 (Ozler 2005). In the Van basin, transitional climate characteristics are observed between the continental climate of the 

Central Anatolia and Southeastern Anatolia regions and the Mediterranean climate. In terms of temperature, the degraded type 

of the Mediterranean climate is dominant. The main factor of this climate change (humidity and precipitation) is Lake Van. 

According to the Thiessen Polygons Method, the annual average precipitation in the basin is 447.29 mm (Konyar et al. 2019). 
Van basin location map is shown in Figure 1. 

 

 
 

Figure 1- Van Basin Location Map 

 

There are sedimentary, magmatic and metamorphic rocks formed from the earliest times to the present in the study area. 

Generally, metamorphic rocks belonging to the Bitlis Massif in the south of the basin, volcanic and volcanic rubber rocks that 
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are the products of the young Nemrut and Suphan Mountains in the west and north, volcanic rocks belonging to the Yuksekova 

Complex and ophiolite components, current fluvial and lacustrine fragments and carbonates crop out in the east (Erdogan 2017). 

 

2.2 Establishment of geographical data for the groundwater potential assessment of the basin 

 

In the study, the Fuzzy Analytical Hierarchy Process (F-AHP) and Remote Sensing supported GWPI region mapping method 

were used along with ArcMap 10.2 program software (Jesiya & Gopinath 2020). 

 

In the Van basin study, hydrological, anthropogenic and geological factors were taken into account, as well as expert opinions, 

field observations and literature reviews in evaluating the groundwater potential. Factors such as slope, geology, and 

geomorphology are considered geological elements. Data such as fault density, drainage density, land use/land cover, topsak 

class, current aquifer status and proximity to water bodies were evaluated as anthropogenic features (Akter et al. 2020; Jesiya & 

Gopinath 2020). Thematic data such as geology, aquifer (hydrogeology) and soil type were obtained by digitizing in Arcmap 

10.2 software. The 1:50,000 scale drainage density map of the Van Basin was taken from the 17th Regional Directorate of State 

Hydraulic Works. Linear density analysis was performed to prepare the lineament and drainage density in km2 (Kumar et al. 

2016; Akter et al. 2020; Jesiya & Gopinath 2020). The map in Figure 2 was produced by Aslan & Çelik (2021), inspired by the 

groundwater potential mapping study with geographical information techniques for a sustainable environment in the Haliliye 

basin (Aslan & Çelik 2021). These 8 parameters considered in the ArcMap environment were first converted into raster thematic 

maps and then into reclassified maps. Finally, the groundwater potential index distribution map was produced (Figure 2). 

 

 
 

Figure 2- Hierarchical flow chart for groundwater potential area mapping of Van basin (Aslan & Celik 2021) 
 

2.3 AHP method 

 

The AHP method is an approach that evaluates Saaty's criteria in a certain order (according to the effects of parameters on 

groundwater), evaluates the weights of these criteria, compares the alternatives according to the criteria and provides ranking 

(Ozder et al. 2021; Munier & Hontoria 2021). The AHP method, which is based on three basic principles such as problem solving 

process decomposition, comparative judgments and synthesis of priorities, is a systematic approach that determines and 

represents the priority status of its multi-criteria elements in an order (Parameters or criteria) (Fedrizzi et al. 2018; Ly et al. 2018). 

Based on expert opinion through pairwise comparisons, the AHP method is widely used in situations such as setting priorities, 

reducing problem complexity, simplifying and planning decisions, choosing the best alternative, allocating resources, and 

conflict resolution (Samuel et al. 2017; Fattahi & Khalilzadeh 2018; Ozder et al. 2021). In pairwise comparison matrices, when 

comparing two criteria in relation to each other and each binary alternative according to any criteria, questions such as which 

one is more important and how important it is are asked (Di Bona et al. 2017). The implementation stages of AHP can be listed 

as follows (Pinto et al. 2017; Xingfeng 2017; Patra et al. 2018; Wang 2020); 

 

Stage 1: Establishment of the Model and Formation of the Problem: In the AHP approach, quantitative and qualitative factors 

affecting the decision process are determined by conducting a survey or consulting expert opinions. As a result of the information 

obtained, a hierarchical structure is created by determining the criteria, sub-criteria and alternatives (Ozder et al. 2021).  
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Stage 2: Creating the Pairwise Comparisons Matrix: After the hierarchical structure is created, the data are collected using 

the pairwise comparisons scale in Table 1 and the paired comparisons matrix is obtained (Ozder et al. 2021). 

 
Table 1- Importance level scale (Ozder et al. 2021) 

 

Importance level Definition 

1 Equally important 

3 Moderately important 

5 Strongly important 

7 Very strongly important 

9 Definitely important 

 

Stage 3: Determination of Criterion Weights and Scores of Alternatives: using pairwise comparison matrices, the weight of 

each decision alternative is calculated and accordingly, the matrix is normalized by dividing each column in the comparison 

matrix by the total column with its value. In the normalized matrix, the total value of each column is 1 and the eigen vectors are 

obtained by finding the average of the values in the row (Table 1). 

 

Stage 4: Calculating Consistency Ratio: The following formulas were used to calculate the Eligibility Ratio (CI). 

 

CI =
λmax−n

n−1
                                                                                                                                                                                 (1) 

 

In the formula, the CI Conformity Index is the largest eigenvalue in the λmax matrix, where n is the number of elements in 

each matrix. 

 

The Conformity Ratio (CR) is obtained by dividing the consistency index by the Random Index (RI) corresponding to the 

matrix of the same size; 

CR =
CI

RI
                                                                                                                                                                                       (2) 

 

The random index table made for matrices of different sizes is in Table 2 (Saaty 2000). 
 

Table 2- Randomness indexes (Saaty 2000) 

 

N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

RI 0.00 0.00 0.60 1.00 1.10 1.20 1.30 1.40 1.50 1.50 1.50 1.60 1.60 1.60 1.59 

 

2.4 Fuzzy AHP 

 

The Fuzzy AHP method is an effective tool that combines the fuzzy logic approach with the AHP method, and with this aspect, 

it cannot be digitized with precise data, and is an effective tool in decision-making processes where uncertainty and relativity are 

high. The decision maker is asked to verbalize his personal evaluation while determining of criterion weights. With this aspect, 

it is a more realistic evaluation method (Tu et al. 2020; Chaudhry et al. 2021). The ranking of alternatives is accomplished by 

means of linguistic variables. Each linguistic variable has a corresponding fuzzy logic. Equivalents of these expressions are 

triangular membership functions. There are 3 parameters that define the triangular membership function. If these parameters are 

taken as l, m, u, the components and shape of the triangular membership function are given below (Figure 1); 

 

μa(x; l,m, u) =

{
 

 1 ≤ x ≤ m    if    
(x−1)

(m−1

m ≤ x ≤ u     if    
(u−x)

(u−m)

        x > u or x < 1 if          0           

                                                                                                               (3) 
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Figure 1- Triangle Membership Function (Ahirwar et al. 2021) 

 

A triangular fuzzy number with A=1 is defined as the vertex m, and m need not be the midpoint between l and u (Mallick et 

al. 2019; Ahirwar et al. 2021; Singh et al. 2021). Fuzzy AHP steps ( Sener et al. 2018; Tiri at al. 2018);  

 

Step 1: The verbal comparison matrix between the criteria is obtained by using the fuzzy numbers given in Table 3 (Equation 

4). At this stage, for a problem where k decision makers evaluate n criteria, the fuzzy comparison matrix for each k decision 

maker is defined as follows (Chai & Wei 2001). 
 

Table 3- Verbal expressions and fuzzy triangular number equivalents in fuzzy AHP (Kaplan & Arikan 2012) 

 

Language scale in order of importance Triangular fuzzy scale Triangle fuzzy mutual scale 

Just equal (1, 1, 1) (1, 1, 1) 

Equally important (1/2, 1, 3/2) (2/3, 1, 2) 

Weakly more important (1, 3/2, 2) (1/2, 2/3, 1) 

Strongly more important (3/2, 2, 5/2) (2/5, 1/2, 2/3) 

Much more strongly important (2, 5/2, 3) (1/3, 2/5, 1/2) 

Very much more strongly important (5/2, 3, 7/2) (2/7, 1/3, 2/5) 

Definitely more important (3, 7/2, 9/2) (2/9, 1/5, 1/3) 

 

In this comparison matrix, the expression 𝑑𝑖𝑗
𝑘̃  is the 𝑖 of the decision maker 𝑘. criterion 𝑗. is the fuzzy triangular number 

corresponding to the verbal pairwise comparison with the criterion. 

 

A
~
k  =

[
 
 
 
 
 d11

~
k d12

~
k

d21

~
k ⋯

⋯ d1n

~
k

⋯ d2n

~
k

⋯ ⋯

dn1

~
k dn2

~
k

⋯ ⋯

⋯ dnn

~
k ]
 
 
 
 
 

                                                                                                                                            (4) 

 

Step 2: If the number of decision makers is K, these values are averaged. According to this; 

 

dij
~ =

∑ 𝑑𝑖𝑗
𝑘̃K

k=1

K
                                                                                                                                                                                        (5) 

 

The averaged matching matrix can be represented as follows. 

 

A =  [
d11
~ ⋯ d1n

~

⋮ ⋱ ⋮
dn1
~ ⋯ dnn

~
]                                                                                                                                                              (6) 

 
Step 3: The geometric mean of the fuzzy triangle numbers given for each criterion is found (Li, & Li 2009; Das 2017). 

 

𝑟𝑖
~  = (Π𝑗=1

𝑛 𝑑𝑖𝑗
~)

1

𝑛,       𝑖 = 1, 2, 3, ⋯ , 𝑛                                                                                                                                          (7) 

Step 4: The value of each criterion, whose fuzzy weights are given, is calculated as follows (Senko 2018). 
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Wi
~ = ⊕ (r1

~⨁r2
~      ⨁rn

~)−1 = (lwi, mwi, uwi)                                                                                                                              (8) 

 

Step 5: The fuzzy w̃𝑖 values are clarified with the help of the formula below. 

 

Mi =
𝐥𝐰𝐢+𝐦𝐰𝐢+𝐮𝐰𝐢

𝟑
                                                                                                                                                                                  (9) 

 

Step 6: In the last step, the 𝑀𝑖 value is normalized (Hossain & Thakur 2020). 

 

Ni  =
Mi                                                                                                                                                                                                         (10) 

 

3. Results 
 

3.1 Generating Raster and Classification Lines with GIS Program 

 

Firstly, raster maps of the parameters of precipitation, slope, soil texture, land use/land cover, geology, geomorphology, drainage 

density, drainage density and fault density to be used in the study were produced. Later these maps have been reclassified. 

 

 
 

Figure 3- Groundwater thematic (a. Rainfall, b. Slope, c. Soil, d. Land Use/Land Cover, e. Geology, f. Geomorphology, g. 

Drainage Density, h. Fault Density) maps of the Van province basin 

 

Rainfall: the most important parameter that ensures groundwater formation by filtration of the soil. As seen in Figure 3a, 

41.23% of the Van basin has a maximum precipitation rate of 468-517 mm/year and approximately 21% has a maximum 

precipitation rate of 577-698 mm/year. Only 6% of the area has a precipitation rate of 293-408 mm/year (Figure 3a). 

 

Slope: an effective parameter in obtaining the groundwater potential. In the parts where the slope is low, the flow of 

precipitation waters to the surface will be low and the underground infiltration will be high. This is an effective parameter in 

obtaining the groundwater potential. In places where the slope is low, the flow of precipitation waters to the surface will be low 

and underground infiltration will be high. Figure 3b shows that in about 35% of the basin the slope is 15% and close to 30% is 

above 30% (Figure 3b)(Batelaan & De Smedt 2001). 

 

Soil Texture: like other parameters, soil also allows precipitation to infiltrate underground, and the rate and amount of 

infiltration varies according to the grain structure (groundwater infiltration is more in coarse-grained porous structures, 

infiltration is slower and less in fine-grained soils such as clay), and porosity in groundwater movement and recovery. The 

parameter in which permeability plays an important role is soil. Approximately 10% of the Van basin is chestnut colored soil, 

52% limeless brown lands, 9% brown lands, 12% alluvial coastal marshes and 3% alluvial soils soil (Figure 3c). 
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Land Use: an important parameter for groundwater formation and is directly related to the infiltration of precipitation into 

the soil. Due to urbanization, low leakage and high surface flow rate, and wetlands and water bodies are considered to have the 

highest evaluation scores. Irrigated farmland also has high infiltration of water into the soil, and there is a high rate of seepage 

in plant areas, partly in the form of land, because the runoff is blocked by the fields. 

 

Geology: an important parameter and seen in Figure 3e, is important in terms of reflecting the aquifer status showing the 

storage of groundwater. The proportion of unweathered terrestrial clastics in the basin is approximately 41%, and metamorphic 

rocks are at the highest level with 24%. The water holding capacity in these formations is not very high. Unsorted neritic 

limestones in the region are 21% and their water holding capacity is quite high (Figure 3e). 

 

Geomorphology: (Figure 3f) the geomorphology map is the map describing the mountains, hills, plateaus, plains and plains 

in the basin. It states that the flat part of the basin has the highest groundwater potential and the lowest part of the groundwater 

is in the mountainous areas. The flat part of the field is approximately 39%, the plain 30%, the plateau 17%, the hill 10%, and 

the mountainous area 4% (Figure 3f) (Celik 2019). 

 

Drainage Density: Affects groundwater potential and quality. It is also the reason for the decrease in the flow rate of water 

(Singh et al. 2018). For this reason, the performance coefficient of the ratios with low drainage density was taken as a higher 

value and the drainage density is mostly seen as low in the Van province basin (Figure 3g). 

 

Fault Density: has a geological feature that shows the effect of precipitation on the ground. Feeding is more common in 

underground fractured areas. Although the cracked areas create discontinuity between the regions, they allow the precipitation 

to be fed to the underground aquifers in a shorter time. In areas with high lineament density, groundwater recharge is greater; in 

regions with low density, groundwater recharge is low (Magowe 1999). There is fault density in almost all of Van province 

(Figure 3h). 

 

 
 

Figure 4- Van province basin groundwater classified (a. Rainfall, b. Slope, c. Soil, d. Land Use/Land Cover, e. Geology, f. 

Geomorphology, g. Drainage Density, h. Fault Density) maps 

 

Rainfall (precipitation): in the Reclassify environment, the precipitation parameter is divided into 3 classes. Here, the best 

region is the area that scored 7 points and covers the south of the basin. The weakest part of the basin, rated as 4, is the north- 

eastern part of the city, which corresponds to the Siverek district (Figure 4a). 

 

Slope: slope data is divided into 5 classes in ArcToolbox →Spatial Analyst Tools → Reclass →Reclassify table due to both 

visuality and ease of calculation. The lowest value obtained in this table received 1 point and the highest value received 5 points 

(Figure 4b). 

 

Soil Texture: in this classification, the best area of the basin in terms of soil is the orange- colored areas (5), the weakest 

region of the basin, which was evaluated with 8 points, was the northern part, which received 4 points (Figure 4c). 

Land Use/Land Cover: This parameter is divided into 5 classes in the reclassification table. According to the result in the 

basin, it is the red colored area in the western region, which received 8 points. The weakest area is the 4-dot blue areas (Figure 

4d). 
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Geology: this parameter is also divided into 5 classes, and the parts evaluated with dark blue and evaluated with 7 points. 

The weakest part is the red area, which is evaluated with 3 points (Figure 4e). 

 

Geomorphology: is divided into 5 classes in Spatial Analyst Tools → Reclassify →Reclassify environment. In the 

classification, burgundy-colored (4) and almost the middle part of the basin is the most productive (in terms of groundwater) 

area. The yellow-colored (7) is weak in the southern parts of the basin, and the weakest part is the blue part in the west of the 

basin (Figure 4f). 

 

Drainage Density: This parameter is divided into 5 classes. The most valuable part of the basin in terms of drainage density 

receives 7 points, while the weakest part is the region with 3 points (Figure 4f). 

 

Fault Density: Like other parameters, this parameter is divided into 5 classes. While the yellow area in the basin, which has 

7 points and covers almost the entire region, is the weakest region, the region with 3 points is the best region in terms of high 

groundwater potential (Figure 4h). 

 

3.2 Application of the AHP method 

 

After these 8 parameters used in the AHP method were graded according to their effects on the groundwater potential and quality, 

the application of the AHP method could begin. 

 

The precipitation used in the study was accepted as the most important parameter and was weighted with 9 points from the 

values from 1 to 9 in Table 1. When the slope is low, it is easier and more for precipitation waters to seep into the ground (In 

other words, in areas with low slope, the soil allows rainwater to seep underground). The higher the slope, the easier it is for 

precipitation water to disperse and the harder it is for the water to seep into the ground. Therefore, the slope parameter was scored 

as 7 (at 1-9) from the values given in Table 1. The remaining 5 parameters were graded according to their impact on groundwater 

and used in the AHP method (Saaty 2000). 

 

In line with Saaty's suggestions in the AHP method, 8 parameters to be used in the study were graded according to    their 

effects on groundwater potential and quality and implemented (Table 4). 

 
Table 4- Pairwise comparison matrix table of eight thematic data selected in the study 

 

Criteria 
Assigned    

Weight 
Rainfall Slope 

Soil 

Type 
LU/LC Geology Geomorphology 

Drainage 

Density 

Fault 

Density 

k1 9 1.000 1.125 1.286 1.286 1.600 1.600 1.800 2.250 

k2 8 0.940 1.000 1.143 1.143 1.333 1.333 1.600 2.000 

k3 7 0.880 0.875 1.000 1.000 1.167 1.167 1.400 1.750 

k4 7 0.760 0.875 1.143 1.000 1.167 1.167 1.400 1.750 

k5 6 0.710 0.750 0.857 0.857 1.000 1.000 1.200 1.200 

k6 6 0.650 0.750 0.857 0.857 1.000 1.000 1.200 1.200 

k7 5 0.530 0.625 0.714 0.714 0.833 0.833 1.000 1.000 

88 4 0.410 0.500 0.571 0.571 0.667 0.667 0.800 1.000 

Total  5.880 6.500 7.571 7.428 8.867 8.867 10.40 12.40 

 

Table 5 contains the criteria ranges according to Table 4. For example; In the process performed here, the first and second.... 

eighth columns are completed by dividing the first weight by the total weight, then dividing the second weight by the total weight, 

starting from the first column. 

 

"Then the values in the rows are summed to calculate the normalized weight. The Geometric Average is also obtained   by 

dividing each of these summed values by eight (total number of parameters)." 

 
Table 5- Normalizing and geometric averaging of selected layers 

 

Criteria Rainfall Slope 
Soil 

Type 
LU/LC Geology Geomorphology 

Drainage 

Density 

Fault 

Density 

Geometric 

Mean 

Normalized 

weight 

k1 0.170 0.154 0.169 0.173 0.180 0.180 0.173 0.181 0.1725 1.380 

k2 0.159 0.145 0.151 0.154 0.150 0.150 0.154 0.162 0.1531 1.223 

k3 0.149 0.135 0.132 0.135 0.132 0.132 0.135 0.141 0.1364 1.091 

k4 0.129 0.117 0.151 0.135 0.132 0.132 0.135 0.141 0.1340 1.072 

k5 0.121 0.109 0.113 0.115 0.113 0.113 0.115 0.097 0.1120 0.896 

k6 0.111 0.100 0.113 0.115 0.113 0.113 0.115 0.097 0.1096 0.877 

k7 0.090 0.092 0.094 0.096 0.094 0.094 0.096 0.081 0.0921 0.737 

88 0.069 0.077 0.075 0.077 0.075 0.075 0.077 0.081 0.0664 0.531 
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Finally, the following values are obtained by following the formulas in the AHP method. 

 

Average λmax =
∑(Normalized weight)/(Geometric Mean)

8
 =8.12 

 

In the last step, the CR value is calculated as follows. The fact that the value of CR is less than 0.1 in AHP applications shows 

that the application is consistent, otherwise the process should be reviewed again (Saaty 2000). 

 

Consistency Index (CI)  =
8.12 − 8

7
= 0.01714 

 

CR =
CI (Consistency Index )

Randomness Indicator
=
0.01714

7
= 0.01224 < 0.1 

 

Since the result is < 0.1, it is within the limits of agreement. 

 

Table 6 was created after the raster thematic map of eight parameters was created in the GIS environment. Aslan and Celik 

(2021) examined the groundwater of the Harran Plain basin and mapped their modeling with the GIS supported AHP method. 

In addition, they created a groundwater database with the maps they obtained. Table 6 was created by considering this study 

(Aslan & Celik 2021). 

 
Table 6- Details of layer properties and ordering properties and normalized weights 

 

Sequence Layer Weighting 
Normalized  

total weight 
Sub-Feature 

Field 

Cover 

Groundwater 

Potential zone 
Evaluation 

Sum of 

normalized 

weight of soil 

is not 100 

1 Rainfall 9 3411 Brown field 257 Very very poor 3 %08 
    Dark blue field 577 Very poor 4 %17 

    Green field 1139 Very poor 4 %33 

    Blue field 846 Poor 5 %24 
    Purple field 592 Moderate 6 %18 

2 Slope 8 129795 The slope is too low 1931 Very good 7 %01 

    The slope is low 8557 Good 6 %07 
    Moderate slope 21525 Moderate 5 %17 

    High slope 42802 Poor 4 %33 

    The slope is too high 54980 Very poor 2 %42 

3 Soil 7 120442 Chestnut colored soil 60297 Very poor 3 %5 

    Limeless Brown lands 5097 Poor 4 %04 

    Brown Soils 35934 Poor 5 %30 
    Alluvial Coastal Marshes 228 Moderate 6 %02 

    Alluvial Soils 18886 Good 7 %16 

4 LU/LC 7 334710 Blue field 228373 Good 7 %68 
    Green field 29075 Good 6 %8 

    Red field 16969 Moderate 5 %5 

    Purple field 29593 Poor 4 %9 
    Brown field 30700 Very poor 3 %10 

5 Geology 6 38652 Unseparated terrestrial crumbs 519 Poor 2 %1 

    Metamorphic rocks 4698 Poor 3 %12 
    Unsorted neritic limestones 6954 Moderate 5 %18 

    Unseparated alluvium 7080 Good 7 %19 

    Audiolithic rocks 19401 Very good 9 %50 

6          Geomorphology             6              129765 

Mountain 26742 Poor 3 %21 

Hill 36088 Poor 4 %28 
Plate 32908 Moderate 5 %25 

Plain 23057 Good 6 %18 

Flat 10970 Good 6 %8 

7           Drainage Density          5                 46123 

Brown area 4106 Very poor 3 %9 

Green area 8724 Poor 4 %19 

Blue area 13727 Moderate 5 %30 
Turquoise area 11594 Good 6 %25 

Light brown area 7972 Very good 7 %17 

8             Fault Density                4               42468 
Blue area 455 Poor 7 %1 
Green area 447 Poor 6 %1 

    Red area 794 Moderate 5 %2 

    Brown area 2788 Very good 4 %7 
    Orange area 37984 Good 3 %89 

 

3.3 Distribution of the groundwater potential evaluation map of the region 

 

Groundwater potential index distribution map was produced in the ArcMap environment with 8 parameters (precipitation, slope, 

soil, land use/land cover, geology, geomorphology, drainage density, fault density). As seen in Figure 5, these data were classified 
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and weighted according to the values obtained in the AHP method and a precise map of the groundwater potential zone (GWPZ) 

was created (Dilekoglu & Aslan 2022). 

 

 
 

Figure 5- Groundwater Potential Area Distribution Map (GWPI_Zone ) 

 

As seen in Figure 5, the distribution values of the Groundwater Potential are between 406 and 683. According to the figure, 

it can be said that the groundwater potential is at a good level towards the center and partly to the south of the basin. The 

classification ranges of these GWPZ values and the total ratio of the basin are shown in table 7 (Aslan & Celik 2021). 

 
Table 7- Classification of Van Basin according to Groundwater Potential GWPI Values 

 

GWPZ value Explanation Rate (%) Covered area (km2) 

406 - 461 Very Good 8.000 1128.08 

462 - 517 Good 17.00 2397.17 

518 - 572 Moderate 43.37 6115.37 

573 - 628 Poor 22.03 3102.22 

629 - 683 Very Poor 9.600 1353.70 

 

3.4 Validity (Verification) 

 

The Groundwater Potential Index map obtained from 15 observation water wells in Figure 5 represents both the water well 

locations and the groundwater study area. The groundwater potential of the pump wells drilled for irrigation purposes was 

evaluated with the degrees of very good, good, moderate, poor, very poor. Only one of the reference wells is partially compatible, 

and 14 of the data are compatible (Table 8). 

 
Table 8- Groundwater Potential Index and Well Data 

 

R.N. Town X Y 
Depth 

(m) 

SWL 

(m) 

DWL 

(m) 

Yield 

m3/day 
GWPI Evaluation 

 

Notifications 

 

0 Kavuncular 383685 4265203 80 13.21 41.14 0.00 406 Poor Compatible 

1 Ercek 386375 4279150 75 8.95 32.73 0.00 417 Poor Compatible 

2 Cedel-ova 368366 4273846 100 15.92 68.00 0.42 420 Good Compatible 

3 Mollahasan 404724 4279217 178.2 1 8.15 1.40 426 Poor Compatible 

4 Taskonak 366200 4249080 132 13.13 51.08 0.85 428 Good Compatible 

5 S. Cavus hamlet 383875 4216966 100 60 90.00 0.05 430 Poor P.Compatible 

6 Elmalik 353125 4253075 56 49 54.00 0.32 438 Poor Compatible 

7 UI. Tunal 330892 4241674 77 6.57 38.12 0.22 509 Good Compatible 

8 Kusdagi Koyu 362500 4234750 141 56.13 51.00 0.00 515 Good Compatible 

9 Saray 427683 4279296 136 11.53 17.01 9.35 577 Good Compatible 

10 Kilimli K. 413243 4317686 119.5 4.7 15.29 3.27 419 Poor Compatible 

11 Kosk Koyu 389414 4310080 36.5 12.25 12.42 0.19 556 Good Compatible 

12 Unseli 379250 4316000 90 0.91 46.47 0.17 586 Poor Compatible 

13 Partak yolu 349570 4318439 200 30 37.0 0.20 622 Moderate Compatible 

14 Kockopru 355882 4331627 70 23.68 40.68 0.59 683 Moderate Compatible 

 

*: Where, Partially Compatible is P. Compatible, References Number are R.N., Urpinar Irrigation Tunnel is UI. Tunal 
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3.5 Fuzzy AHP 

 

In this method, named Chang's Fuzzy AHP Method, each object is taken and a degree analysis is applied for each purpose in 

order. 

 
Table 9- Comparison matrix and significance weighting values of eight parameters 

 

Criteria Rainfall Slope Soil Type LU/LC Geology 
Geomorp- 

hology 

Drainage 

Density 

Fault 

Density 

Fuzzy 

Geometric 

mean value 

ST (1 ,1, 1) (1, 3/2, 2) (3/2,2,5/2) (3/2,2,5/2) (2,5/2,3) (5/2,3,7/2) (5/2,3,7/2) (3,7/2,9/2) 1.56,1.85,2.06 

R (1/2,2/3,1) (1 ,1, 1) (1,3/2,2) (3/2,2,5/2) (3/2,2,5/2) (2, 5/2, 3) (5/2,3,7/2) (3,7/2,9/2) 1.33,1.59,1.89 

ST (2/5,1/2,2/3) (1/3,2/3, 1) (1 ,1, 1) (1,3/2,2) (3/2,2,5/2) (3/2,2,5/2) (2,5/2,3) (5/2,3,7/2) 1.04,1.31,1.56 

LU/LC (2/5,1/2,2/3) (2/5,1/2,2/3) (1/2,2/3,1) (1 ,1, 1) (1,3/2,2) 3/2,2,5/2) (3/2,2,5/2) (2,5/2,3) 0.90,1.10,1.32 

G (1/3,2/5,1/2) (2/5,1/2,2/3) (2/5,1/2,2/3) (1/2,2/3,1) (1 ,1, 1) (1, 3/2, 2) (3/2,2,5/2) (2,5/2,3) 0.78,0.85,1.13 

GM (2/7,1/3,2/5) (1/3,2/5,1/2) (2/5,1/2,2/3) (2/5,1/2,2/3) (1/2,2/3,1) (1 ,1, 1) (1, 3/2, 2) (3/2,2,5/2) 0.64,0.76,0.92 

DD (2/7,1/3,2/5) (2/7,1/3,2/5) (1/3,2/5,1/2) (2/5,1/2,2/3) (2/5,1/2,2/3) (1/2,2/3,1) (1 ,1, 1) (1, 3/2, 2) 0.63,0.64,0.90 

FD (1/3,2/5,1/2) (1/3,2/5,1/2) (2/5,1/2,2/3) (2/5,1/2,2/3) (2/3, 1, 2) (1/2,2/3,1) (1/2,2/3,1) (1 ,1, 1) 0.62,0.67,0.86 

 

Note; Abbreviations used in Table 9 and Table 10 GWPI: Groundwater Potential Index, R: Precipitation, S: Slope, ST: Soil Type, LU/LC: Land Use and Land 

Cover, G: Geology, GM: Geomorphology, DD: Drainage Density and FD: Fault Density, FGM: Fuzzy is the geometric mean value. In addition, FwW1: Wi are 

fuzzy weights, and the subscripts r and w: denote the degree and weight of the parameter, respectively. In addition, Weights are indicated by Wi, Wi and 

Normalized weight NW 

 

𝑟1 = (1 ∗ 1 ∗ 3/2 ∗ 3/2 ∗ 2 ∗ 5/2 ∗ 5/2 ∗ 3)
1

10. (1 ∗ 3/2 ∗ 2 ∗ 2 ∗ 5/2 ∗ 3 ∗ 3 ∗ 7/2)
1

10. (1 ∗ 2 ∗ 5/2 ∗ 5/2 ∗ 3 ∗ 7/2 ∗ 7/2 ∗

9/2)
1

10= (2.08, 2.38, 2.89) 

 
Table 10- Weighting of thematic layers using the fuzzy-AHP method 

 

 R S ST LU/LC G GM 

R (1 ,1, 1) (1, 3/2, 2) (3/2,2,5/2) (3/2,2,5/2) (2,5/2,3) (5/2,3,7/2) 

S (1/2,2/3,1) (1 ,1, 1) (1,3/2,2) (3/2,2,5/2) (3/2,2,5/2) (2, 5/2, 3) 

ST (2/5,1/2,2/3) (1/3,2/3, 1) (1 ,1, 1) (1,3/2,2) (3/2,2,5/2) (3/2,2,5/2) 

LU/LC (2/5,1/2,2/3) (2/5,1/2,2/3) (1/2,2/3,1) (1 ,1, 1) (1,3/2,2) 3/2,2,5/2) 

G (1/3,2/5,1/2) (2/5,1/2,2/3) (2/5,1/2,2/3) (1/2,2/3,1) (1 ,1, 1) (1, 3/2, 2) 

GM (2/7,1/3,2/5) (1/3,2/5,1/2) (2/5,1/2,2/3) (2/5,1/2,2/3) (1/2,2/3,1) (1 ,1, 1) 

DD (2/7,1/3,2/5) (2/7,1/3,2/5) (1/3,2/5,1/2) (2/5,1/2,2/3) (2/5,1/2,2/3) (1/2,2/3,1) 

FD (1/3,2/5,1/2) (1/3,2/5,1/2) (2/5,1/2,2/3) (2/5,1/2,2/3) (2/3, 1, 2) (1/2,2/3,1) 

 

Table 10 (Continue)- Weighting of thematic layers using the fuzzy-AHP method 

 

 DD FD FGM FwW1 Wi NW 

R (5/2,3,7/2) (3,7/2,9/2) 1.56,1.85,2.06 0.20,0.21,0.19 0.200 0.204 

S (5/2,3,7/2) (3,7/2,9/2) 1.33,1.59,1.89 0.18,0.18,0.18 0.180 0.184 

ST (2,5/2,3) (5/2,3,7/2) 1.04,1.31,1.56 0.14,0.15,0.15 0.146 0.149 

LU/LC (3/2,2,5/2) (2,5/2,3) 0.90,1.10,1.32 0.12,0.13,0.12 0.123 0.126 

G (3/2,2,5/2) (2,5/2,3) 0.78,0.85,1.13 0.10,0.10,0.11 0.103 0.105 

GM (1, 3/2, 2) (3/2,2,5/2) 0.64,0.76,0.92 0.11,0.09,0.09 0.097 0.099 

DD (1 ,1, 1) (1, 3/2, 2) 0.63,0.64,0.90 0.06,0.07,0.08 0.063 0.064 

FD (1/2,2/3,1) (1 ,1, 1) 0.62,0.67,0.86 0.05,0.08,0.07 0.067 0.068 

Total     0.979 0.999 

 

Weights are indicated by Wi and Normalized weight NW. 

 

Kaplan & Arikan (2012) studied the subject of Evaluation of Equipment Investment Projects in the Air Defense Sector with 

Fuzzy Analytical Hierarchy Process and Fuzzy AHP method (Kaplan & Arikan 2012). Table 10 was produced by making use of 

the literature and the studies of experts. 
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4. Conclusions and Recommendation 
 

In this produced map, very weak areas (GWPZ value: 629 - 683) are found in clayey, calcareous soils, and rocky areas. Areas 

classified as moderate in terms of GWPZ (518 and 572) constitute a significant portion of the basin, approximately 43.37% of 

the total basin area (as it includes some agricultural and barren lands, it has a wide catchment area). The improvement of this 

area classified as moderate offers broader opportunities for the implementation of groundwater resources development programs 

compared to the weak GWPZ category. Improvement in this moderately moderate category requires less effort compared to the 

weak GWPZ category. 

 

Areas identified as good level (462 – 517), corresponding to about 17% of the basin, not only offer productivity from an 

agricultural perspective but also present good opportunities for the improvement of irrigation facilities. Furthermore, this region, 

which is at a good level in terms of groundwater potential, provides a great opportunity for current research efforts, irrigation 

possibilities, and increased agricultural productivity. 

 

The part of the basin with the best GWPZ level (629 – 683) provides the best opportunities for research activities, irrigation 

and increasing agricultural productivity. In short, for the groundwater potential of the Van Basin, there is a need for rigorous and 

appropriate planning and management studies by state institutions, albeit partially. 

 

The well data obtained in order to determine the groundwater potential and quality of Van province with geographic 

information system supported AHP and Fuzzy AHP methods were updated in accordance with the purpose of the study. In this 

study, maps of selected wells representing the border regions of the basin and data on well yields were used and classifications 

were made accordingly. Then, thematic maps were created using GIS, IDW methods and other techniques in order to determine 

the formation of groundwater in the basin boundaries, where and in what proportion the groundwater is located, and usage 

possibilities. The thematic maps produced were applied by making the ratings suggested by Thomas L. Saaty to be used in AHP 

and Fuzzy AHP methods according to the potential effects of groundwater. The values obtained as a result of the application are 

given to the parameters suggested by Thomas L. Saaty (1, 2, 3, 4, 5, 6, 7, 8, 9). Since the result obtained in Table 9 is smaller 

than the value of 0.1 suggested by Saaty, a suitable solution was obtained according to the AHP method. Then, groundwater 

potential and quality analysis distribution map were created in ArcMap 10.2 environment. As a result of the application of the 

F-AHP method, the ideal order of the parameters was found. 

 

The thematic maps created with the aim of understanding the groundwater potential of the Van basin, and the possibilities of 

using groundwater effectively and the selection of the well location to be drilled can be used to give a better diea for those who 

work in related fields of study. In the future, if water needs cannot be met from alternative water sources, the need for the drilling 

of new wells may emerge. In this eventuality, the thematic maps created will be useful in determining suitable well locations. 

 

Limited surface and underground fresh water resources should be effectively protected with long-term programs for rapidly 

increasing urban drinking water, industrial and agricultural water needs. In order to protect and develop groundwater in 

accordance with different usage purposes, information about its potential status should be obtained from reliable units, 

institutions and organizations in a timely manner. Necessary plans should be made and implemented for the measures to be taken 

in case of negative effects on the work (such as excessive water withdrawal, illegal use, drought). 
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ABSTRACT 
The development of data-driven models in conjunction with the advances 

in technologies regarded as remote sensing in generating recorded data 

from satellites has guided water management studies towards using these 

technologies, especially in the regions dealing with drought, like the Lake 

Urmia basin, Iran. In this basin, the agricultural sector has been exposed 

to dryness due to a decrease in rainfall and uncontrolled water 

consumption. In the last decade, many studies have tried to brighten this 

arena of water knowledge. However, the relationship between 

meteorological variables and atmospheric circulation with the 

meteorological drought of Lake Urmia had never been determined. The 

relationship between meteorological variables and atmospheric 

circulation with Lake Urmia's meteorological drought has been 

determined. This study calculated Standardized Precipitation 

Evapotranspiration Index (SPEI) values based on meteorological 

variables. Then a combination of the meteorological variables and 

atmospheric circulation values was considered a data mining model input 

for estimating the droughts. The series of the SPEI values for 3-, 6-, 9-, 

12-, 24-, and 48-month time scales were obtained during 1988-2016. In 

this study, both the M5 Tree model and Associate Rules were used to 

predict and analyze the meteorological drought at six synoptic stations in 

the basin, considering both the atmospheric circulations (North Atlantic 

Oscillation (NAO), Southern Oscillation Index (SOI), Mediterranean 

Oscillation Index of Gibraltar-Israel (Mogi), Mediterranean Oscillation 

Index of Algiers-Cairo (MOac), Western Mediterranean Oscillation Index 

(WEMO), Mediterranean, Red, Black, Caspian, and Persian Gulf SSTs) 

and the meteorological variables (lagged relative humidity, 

evapotranspiration, average temperature, minimum-maximum 

temperature, and pressure). The results showed that using a combination 

of the atmospheric circulation indices and meteorological variables in the 

models increases the model's accuracy and improves the results in a long-

term period. The best result in the study of drought in the Lake Urmia 

basin is related to SPEI48 (R = 0.85, RMSE = 0.08, MAE = 0.11), and in 

the association rules, the value of the lifting index of the best rule is 1.32. 

Although both approaches provided acceptable results, the M5 Tree 

model had a comparative advantage due to simple and practical linear 

relationships. 

 

Keywords: SPEI, Associate Rules, M5 Tree Model, The Urmia Lake basin, Iran 

 

 

1. Introduction 
 

Drought, as a natural disaster, is one of the main aspects of the climate in Iran. There are a number of research studies involving 

atmospheric circulations in drought prediction potentials. The teleconnections between El-Niño Southern Oscillation (ENSO) 

and critical flood and drought events have been reported all over the world (i.e., Barlow et al. 2001; Kahya & Karabörk 2001; 

Lee & Julien 2017; Kuzay et al. 2022). The most frequently used drought indexes are Palmer Drought Severity Index (PDSI) 

(Palmer 1965), Standardized Precipitation Index (SPI) (McKee et al. 1993) and Standardized Precipitation Evapotranspiration 

Index (SPEI) (Stagge et al. 2015; Wang et al. 2015). 

 

In fact, various analysis methods have been proposed to monitor drought in two main categories: (i) statistical analysis (e.g., 

non-linear regression (Masocha et al. 2017), Geostatistical approach (Buttafuoco et al. 2018), log-linear (Moreira 2016) and 

Markov chain (Alam et al. 2017)) and (ii) data mining, which were developed to make a predictive decision based on the obtained 

knowledge. Data mining methods facilitate access to a large data set (Indurkhya & Weiss 1998), and allow the extraction of rules 

through pattern recognition technologies (e.g., neural networks, machine learning, and genetic programming). 
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Dracup & Kahya (1994) have examined the four regions for a relationship between streamflow and the cold (La Nifia) phase 

of the Southern Oscillation (SO). They pointed out a strong and significant connection between streamflow and La Niña in 

southwestern US. The results of this study show significant midlatitude streamflow responses to the tropical SO phenomenon 

but major limitation to this study is the limited length of records, which shows only nine El Nifio and La Nifla episodes occurring 

in the 41 years of streamflow data. Tadesse et al. (2004), who used data based approaches in drought analysis in the Nebraska 

for improve understanding of the characteristics and relationships of atmospheric and oceanic parameters that cause drought, 

examined a group of large-scale circulation the Results showed that the three indices have a stronger relationship with drought 

in the study area. The study suggests that data mining techniques can help us to monitor drought using oceanic indices as a 

precursor of drought but they did not investigate meteorological variables. Le et al. (2016) aims examining the lagged climate 

signals to predict SPEI at Khanhhoa province, using artificial neural network. They surveyed atmospheric circulations to predict 

SPEI using an artificial neural network method. Their results showed that adding more atmospheric circulations in the analysis 

could lead to better forecasting. The developed model can benefit developing long-term policies for reservoir and irrigation 

regulation and plant alternation schemes in the context of drought hazard. Nourani et al. (2017) proposed a hybrid application of 

Decision Tree and Associate Rule in SPI data in Tabriz and Kermanshah synoptic stations in Iran and de-trend SST data in the 

Black Sea, the Mediterranean Sea, and the Red Sea. They used classification, selection, and extraction to provide decision rules 

to monitor drought. Confidence and Heidke Skill Score (HSS) were used to evaluate the performance of the hybrid data mining 

methods, and thus, high Confidence was demonstrated between the monthly SPI values and the de-trend SST. This has resulted 

from the existence of a relative correlation between the three seas’ de-trend SSTs and drought in Tabriz but they only used two 

station in Iran and can be used other ocean-atmospheric climate phenomena as predictors to predict maximum MP of station 

through the proposed method. The purpose of the study by Sezen & Partal (2017) is determining the effects of NAO and NCP 

on the temperature and precipitation regime of Mediterranean region in Turkey. As a result, NAO and NCP have remarkable 

influences on temperature and precipitation regime of Mediterranean region of Turkey for either seasonal or annual. It can be 

concluded that when the value of aforementioned teleconnection rises, the temperature value reduces. Nam et al. (2018) 

developed a satellite-based hybrid drought index called the vegetation drought response index for South Korea (VegDRI-SKorea) 

that could improve the spatial resolution of agricultural drought monitoring on a national scale. Their results showed that the 

hybrid drought index put forwarded spatially more improved drought patterns as opposed to that of station-based drought indices. 

Meteorological droughts threaten human societies in many parts of the world that are struggling with the water crisis.   

 

Sattari et al. (2020) successfully predicted monthly precipitations at six meteorological stations in the Urmia Lake basin 

situated in north western Iran. They proved increased accuracy rate of models when using atmospheric circulation indices 

together with meteorological variables. Uzun & Ustaoglu (2022) examining current climatic conditions and atmospheric indices 

together on the Mediterranean crop yield. Hence, extreme weather conditions affect the yield of crops with high economic value 

in the Mediterranean Basin. Hosseini et al. (2022) determine the relationship between the NAO index and the precipitation of 

the APHRODITE base in Iran, to besides investigating the effect of these two phenomena in the country, the zones with positive, 

negative and no correlation to be identified with accuracy. The results in an analysis of North Atlantic Oscillation and monthly 

precipitation in Iran during the Last Half Century show that significant correlation is different between these two variables in 

time and space scale. In general, in more than 90% of Iran’s area, there is no direct correlation between rainfall and NAO. In 

9%, the correlation is negative and in only 1% of the Iranian zone, the correlation is positive. 

 

In this study, we aimed to explore the linkage between atmospheric circulations and meteorological variables in the Urmia 

Lake basin for the purpose of drought assessment and prediction. The mergences of meteorological variables and atmospheric 

circulations using the Association Rules and M5 model has important implications in analysing drought prediction in the study 

area. This study has, therefore, special relevance to the understanding of drought patterns within the Urmia Lake basin. For this 

purpose, it used two M5 tree and Association Rules models, one of them evaluates the data numerically and the other after the 

discrete data examines the relationship variables. Both of them identify effective variables on the SPEI of the area. 

 

2. Material and Methods 
 

2.1. Study area 

 

According to the Ramsar Convention, in 1971, Urmia Lake was declared an important international wetland. Urmia Lake, once 

the second largest saline lake in the world, is on the verge of complete desiccation. It has been suggested that the desiccation is 

caused by intensified human activities, and prolonged droughts in the lake basin. Finding the factors affecting the drought in this 

region is very important. In this study, we used from atmospheric circulations and meteorological parameters and data mining 

methods to investigate drought of Urmia lake basin. The closed catchment basin of Urmia Lake, which is considered as the main 

basin in the watershed division in Iran, has an area of 51 801 km2 (Figure 1). Urmia Lake, situated in northwestern Iran, is one 

of the largest hypersaline lakes all over the world. Mediterranean air mass provides the main source of rainfall to the Urmia 

Lake. In our study area, there are six meteorological stations (Table 1) having an observation period spanning from January 1988 

to December 2016; namely, Urmia, Tabriz, Sarab, Takab, Mahabad, and Maragheh. In this study, we used the meteorological 

station's local meteorological data in study area. The maximum statistical period was 28 (1988-2016) years and was available 

only for these six stations, which were provided to us by the Weather bureau. Only this number of stations were available in the 

area for the parameters of calculating evapotranspiration. 
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Figure 1- The geographic location of The Urmia Lake basin 

 
Table 1- The statistical characteristics of the meteorological variables of six meteorological stations used in the Urmia Lake 

basin 

Urmia Takab Tabriz Sarab Maragheh Mahabad Station 

0.00 0.00 0.00 0.00 0.00 0.00 min 

R (mm) 
147.54 165.72 114.84 102.24 114.81 155.92 max 

25.54 26.85 20.57 20.29 23.67 33.19 mean 

27.48 27.77 19.95 19.10 25.89 34.06 SD 

16.21 19.51 21.35 -30.00 17.91 19.50 min 

ET (mm) 
233.87 276.52 272.30 10.40 271.08 235.14 max 

109.77 117.15 126.05 -5.67 123.12 118.56 mean 

62.536 69.55 72.25 9.97 71.61 61.93 SD 

 

In this research, the input variables in the models including meteorological variables and atmospheric circulation indices are 

described in Table 2. 

 
Table 2- The Input variables used 

 

Atmospheric circulations Meteorological variables 

Mediterranean sea surface temperature (MSST) Minimum Temperature (Tmin) 

Black Sea surface temperature (BSST) Maximum Temperature (Tmax) 

Red Sea surface temperature (RSST) Rainfall (R) 

Persian Gulf surface temperature (PSST) Average Temperature (Tmean) 

SOI Average Relative Humidity (RH) 

NAO Average Wind speed (W) 

MOac Evapotranspiration (ET) 

MOgi ------ 

WEMO ------- 

 

In recent decades, drought has been affecting the Urmia Lake basin which can be seen in the average annual rainfall 

distribution (Figure 2). The Urmia Lake, which is the largest territorial lake in Iran and the second largest lake in the world, 

drying at an alarming rate. Therefore, various drought factors were studied to determine the causes of drought in the region in 

this study. 
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Figure 2- Annual and average rainfall distribution (mm) in The Urmia Lake basin 

 

2.2. Meteorological drought index 

 

Due to the vague and complex nature of droughts and the lack of identical definition of it, researchers often use drought indicators 

derived from hydrological variables to assess droughts and decide on drought management based on these indicators. So far, 

many indicators have been developed by researchers for drought monitoring. In this study, the SPEI was used, which is the multi-

scale index comprising of precipitation and evapotranspiration variables, to analyse the danger of drought. Vicente-Serrano et 

al. (2010) proposed using the SPEI involving specifically the values of precipitation differences and evapotranspiration as 

expressed in equation 1, representing water balance value. In this equation, with a value for 𝐸𝑇o𝑖, the difference between the 

precipitation (P) and reference evapotranspiration (ETO) will be measured for i-th month. 

 

𝐷𝑖 = 𝑃𝑖 – 𝐸𝑇o𝑖                                                                                           (1) 

  

Different methods have been proposed to calculate 𝐸𝑇o𝑖. Some studies have compared different ET calculation methods 

(Sheffield et al. 2012) and it has been shown that the Penman-Monteith method gives more accurate results because the formula 

is more based on the atmospheric evaporation demand. In 1998, in its publication No. 56, the FAO introduced the Penman-

Monteith method as the standard method for estimating the evapotranspiration of the reference plant (Allen et al. 1998): 

 

𝐸𝑇0 =
0.408∆(𝑅𝑛−𝐺)+𝛾[

890

𝑇+273
]𝑈2(𝑒𝑎−𝑒𝑑)

∆+𝛾(1+0.34𝑈2)
                                                                                                                                              (2) 

 

ET0 Evapotranspiration - Reference plant (mm / day), Rn :Net radiation at the vegetation level (mega joules per square meter 

per day), T: average air temperature (°C),: U2 wind speed at a height of 2 meters above the ground (meters per second), ea ed 

Lack of steam pressure at a height of 2 meters (kPa), ∆: Slope of vapour pressure curve (kPa), γ: The coefficient of psychometric 

(kilopascals per degree °C), G: is the heat flux into the soil (mega joules per square meter-day). 

 

Since the study area is semi-arid, SPEI index was preferred for drought analysis. SPEI also shows the effect of climate change 

on drought by considering precipitation and evaporation together. The advantage of SPEI over other multi-scalar drought indices 

(i.e., SPI) highlights the role of temperature on drought through potential evapotranspiration. In this case, SPEI is a reliable tool 

to assess global warming influences on drought events. Many studies have been done using the SPEI index, among the most 

recent of which Mehdizadeh et al. (2020), Inoubli et al. (2020), Danandeh Mehr & Fathollahzadeh Attar. (2021)’s articles can 

be mentioned.  

 

2.3. Selecting inputs 

 

Vicente-Serrano et al. (2011) found that drought prediction might be improved considering the lag impacts of ENSO events. In 

addition, other large scale atmospheric circulations (Sattari et al. 2020), namely SOI, NAO, the Mediterranean Oscillation Index 

of Algiers-Cairo (MOac), the Mediterranean Oscillation Index of Gibraltar-Israel (MOgi), and finally the Western Mediterranean 

Oscillation Index (WEMO). The last three indexes are all based on standardized pressure differences between the two preselected 

locations in the Mediterranean Sea. Following Sattari et al. (2020), we here included the following average sea surface 

temperature data observed in (i) Mediterranean Sea, (ii) Red Sea, (iii) Caspian Sea, (iii) Black Sea, and (iv) Persian Gulf.  The 

Pearson correlation method was adopted to determine the lag times of each input variable in relation to SPEI index and a probable 
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predictor was chosen if it has the highest correlation with SPEI among various lag values. The combined effects of meteorological 

variables and large-scale atmospheric circulation indices on drought in the Urmia Lake basin are of primary interest in this 

research. Meteorological variables include lagged observations of SPEI index and Rainfall (R), Wind speed (W), mean 

temperature (Tmean), Evapotranspiration (ET), Average Relative Humidity (RH), minimum temperature (Tmin) and maximum 

temperature (Tmax). 

 

2.4. Feature selection by RELIEF algorithm 

 

A number of algorithms exists in the efforts of feature selection, along with processing speed problems. Due to the advent of fast 

computers and large storage capacities, a large data series of new issues have led to the continuing invention of the fast algorithm. 

The RELIEF method uses statistical solutions to select a feature as well as a weight-based method inspired by sample-based 

algorithms (Sattari et al. 2020). The RELIEF algorithm is known to be an effective tool for a dataset with a small number of 

training samples. Therefore, we preferred to adapt in identifying effective parameters in rainfall predictions due to the short span 

of our data. 

 

2.5. Feature selection based on correlation (CFS) 

 

Selection of feature based on correlation introduced by Hall (1999) is a commonly used method for selecting input variables and 

reducing problems in dimensions. The correlation method shows the subsets that have the properties with the highest correlation 

coefficient with the sample class, and the variables with the highest scores are considered as the main variables. This algorithm 

has a high ability to quickly detect irrelevant, additional, and error-free data, which generally results in the removal of half the 

data. This feature increases the production of the models by reducing the dimensions of the problem. 

 

2.6. M5 tree predictions method 

 

This model relies on a binary decision tree in which there are linear regression functions in the terminal node, revealing a 

relationship between independent and dependent variables. Tree-based models, which can be used for qualitative and quantitative 

data, resemble to a divide-and-conquer method in constructing a relationship between independent and dependent variables. The 

use of M5 tree model combined with neural networks gives more accurate result than decision trees like the CART method. The 

superiority of M5 tree model against regression trees is being smaller than regression trees. In comparison to neural networks, it 

results in easily understandable rules (Etemad-Shahidi & Mahjoobi 2009; Sattari et al. 2020). The advantage of M5 model tree 

over other previous linear models is that model trees are generally much smaller than regression trees and have proven more 

accurate in the tasks investigated. (Nourani et al. 2019). The M5 model tree can learn efficiently and can control tasks with very 

high dimensionality. This ability has developed the popularity of the M5 model tree and caused more usage in different fields of 

engineering. (Nourani et al. 2019). The fundamentals of the tree models are based on decision-making and problem solving. The 

structure of decision tree resembles to a tree whose body includes a system of leave, node, branch and root. Drawing the tree 

starts from top to bottom in which the root is placed as the first node on top and successively the chain of branches and nodes 

with the leaf. In the M5 tree model, the split criterion maximizes in reducing standard deviation in the child node (Sattari et al. 

2020). In the case of reducing the standard deviation of the child node data impossible, the parent node do not branch out, instead 

reaching to final node or leaf. The first step in constructing a model tree is to calculate the standard deviation, which is expressed 

as in equation 3 (Quinlan. 1992). 

 

SDR = SD(T) -∑
|𝑇𝑖|

𝑇

𝑁
𝑖=1  SD(Ti)                                                                                                                                                      (3) 

 

Where; SD(T) is the standard deviation of the N input data points expressed as in equation 4. 

 

SD(T) = √
1

𝑁
((∑ 𝑌𝑖

2) −
1

𝑁

𝑁
𝑖=1 (∑  𝑌𝑖)𝑁

𝑖=1

2
)                                                                                                                                         (4) 

 

In these relations, T denotes a set of samples corresponding to each node as Ti does a subset of the subsample representing 

the sample. Our aim in this study is to evaluate the success of data mining methods which different from classical statistical 

methods. The M5 tree model offers practical, easier and more understandable solutions by generating linear relationships and if-

then rules between target attribute and others.  One of the major advantages of M5 model trees over  normal  regression  trees is  

that  normal  regression  trees can  never  predict  the  values  outside  the range of the trained model but the same is not the case 

with M5 model trees as they can extrapolate (Fayaz et al. 2022).  

 

2.7. Association rules 

 

Over the past years, among the methods of data mining, there has been a special interest in the algorithms of the discovery of 

patterns. As the name of these algorithms is known, we look for patterns existing in the dataset. In the meantime, the obtained 

algorithms of the repeated set of items have been discussed, which ultimately lead to the creation of Association Rules whose 

javascript:;
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purpose is to find the number of abundances in the series or a database, in which the events preceding and occurring take place 

together. Support (S) is a fraction of transactions that contains all of the objects in a set of specific objects (Eq. 5). 

Support (X → Y) = P(X∩Y)                                                                                                                                                            (5) 

 

Confidence (C) is the fraction of transactions containing all the objects of the conditional branch of the Association Rules 

that shows the accuracy of the rule. Unlike backup, an example for measuring the Confidence of a set of objects cannot be 

provided, because this criterion is only meaningful for associate rules (Eq. 6). 

 

Confidence (𝑋 → 𝑌)  =  
P(X∩Y)

P(X)
                                                                                                                                                         (6) 

 

Rules, which have a low limit of both Support and Confidence, are called strong rules of the Association Rules, and all 

algorithms are aimed to be associated with such rules. 

  

LIFT is a criterion, which shows the degree of independence between the objects A and B, which can be a numerical value 

from zero to infinity. Combining this benchmark with Support and Confidence is one of the best ways to explore associate rules. 

The LIFT criterion is obtained in accordance with equation 7. 

 

Lift (X → Y) =  
P(X∪Y)

P(X)P(Y)
                                                                                                                                                                   (7) 

 

All analytical steps in this study were processed using Weka, which is an open source tool collection of machine learning 

algorithms. Figure 3. illustrates analytical steps in our analysis. 

 

 

 
 

Figure 3- Analytical steps in drought predictions and forecasting 
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2.8. Model evaluation criteria 

 

This criteria measures error rate and determines patterns and structures, exhibiting the least rainfall forecasting error. In this 

study, we used three model evaluation criteria, namely (i) correlation coefficient (R) (eq. 8), (ii) root mean square error (RMSE)  

(eq. 9) and (iii) mean absolute error (MAE) (eq. 10). 

 

R =
∑ (xi−x̅)(yi−y̅)n

i=1

√∑ (xi−x̅)2 ∑ (yi−y̅)2n
i=1

n
i=1

                                                                                                                                                                                                                (8) 

 

RMSE = √
∑ (yi−xi)2n

i=0

N
                                                                                                                                                                                  (9) 

 

 

MAE =
1

n
∑ |Xi − yi|

N
I=0                                                                                                                                                                                          (10)  

 

In these relations, xi (yi) are observational (computational) values. The higher (lower) the correlation coefficient (RMSE and 

MAE) values are the more accurate the model is. In addition, we used Taylor diagram, which is useful in evaluating complex 

models to study geophysical phenomena, as a model evaluation tool in this study. It provides a concise statistical summary of 

how well patterns match each other in terms of correlation, RMSE, and the ratio of variances. Readers are referred to Taylor 

(2001) for further information about theoretical basis for the diagram.  

 

3. Results and Discussion 
 

In this study, an index, which includes both the information of precipitation and evaporation was used to study the phenomenon 

of meteorological droughts in the Urmia Lake basin. The SPEI index is a preferable tool to analyse droughts in warm and 

relatively dry regions such as Iran due to evaporation. For this purpose, predictions procedures using new data mining methods 

such as a decision tree and Association Rules were carried out. We examined droughts in the Urmia Lake basin using the SPEI 

index, which was calculated in the following sex steps: 3-, 6-, 9-, 12-, 24-, and 48-month (Figure 4). It is evident that drought 

events dominated after 1999, but much more after 2008 throughout all of the time scales. As the time scale gets higher, the spells 

of drought tend to unify in terms of the length of time but decrease in magnitude.  

 

We obtained correlation coefficients between the SPEI and large-scale atmospheric circulation indices and climate variables 

at different points in time. Numerical values denote simultaneous and lagged correlations from 1- to 6-month at the 5% of 

significance level. In predicting, SPEI3 exhibits significant correlations with SOI, NAO, WeMO, MOgi, and MOac in the short 

term time scale. The SOI and WeMO have significant correlations with all the SPEI timescales, with the highest SOI correlation 

for SPEI9 with 5 steps of delay (R = -0.440) and the highest WeMO correlation for SPEI6 without a delay step (R = 0.239). 

Among the climate variables, the maximum temperature, mean humidity, mean rainfall and mean wind speed appeared to be 

significantly linked to the SPEI in short time lags. The remaining variables did not show a meaningful relationship with SPEI. 

Sattari et al. (2016) pointed out that drought index prediction works only in the short-term (i.e., time-scale 1) and the model 

accuracy decreases as the prediction time increases. Therefore, the SPEI index was predicted only for a single point in time in 

this research. In forecasting, SPEI3 with SOI, NAO, and WeMO, there is a significant correlation in the short-term scale. SOI 

and WeMO have a significant correlation with all SPEI time steps, with the highest correlation between SOI in SPEI9 with 4 

steps of delay (R = -0.440) and the highest WeMO correlation in SPEI9 without a delay step (R = 0.199). Among the 

meteorological variables in the short-term scale, the maximum Temperature and average Relative Humidity and mean Rainfall 

and mean Wind speed are significantly correlated with 5% significance level.  
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Figure 4- The SPEI index time series at time scales: 3, 6, 9, 12, 24, and 48 months in the Urmia Lake basin 

 

In this research, after identifying the optimal combination by the RELIEF and correlation test, three input structures were 

determined to form an M5 tree model of possible combinations. In the first structure, the meteorological variables were used in 

addition to the SPEI with specific delays. In the second structure, atmospheric circulations were adopted in the model with the 

SPEI delays. In the third structure, a combination of these two groups of factors with the SPEI delays were considered. 

 

In addition, each structure was given as three combinations in the model. In the first combination, the optimal combination 

of RELIEF tests with the SPEI delays were considered as the combination of the model. In the second combination, the 

correlation test for input parameters was used with considering the SPEI delays. In the third combination, the correlation test for 

input parameters was used without considering the SPEI delays. The optimal final composition of the three structures and three 

compounds was obtained according to these structures and combinations. The results of optimal combinations and structures are 

presented in Table 3. The optimal structures were entered into the M5 tree model. In Table 4, the results of the evaluation of the 

M5 tree model for assessing meteorological drought at the time scale of 3, 6, 9, 12, 24 and 48 months are presented in three 

structures with optimal combinations. In most situations, the third structure appears to be the best model performance when the 

input set is a combination of large-scale atmospheric circulation indices and climate variables. In general, the climate variables 

are more effective in the short-term analysis, whereas the atmospheric circulation indices are more effective in the long-term 

analysis (Miley et al. 2020; Dehghani et al. 2020). 
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Table 3- Best input structure for M5 tree model for drought predictions and forecasting 

 

 
   

 Structure Input 
S

P
E

I3
 

Predicting Combinatorial SPEI3t-1 , SOIt-2 , MOgit , Wt-1, Rt-2 

Forecasting  Combinatorial SPEI3t-3, SPEI3t-2, SPEI3t-1, RHt, MOgit, Rt-1,ETt, Wt 

S
P

E
I6

 

Predicting 
Meteorological  

variables 
Tmaxt, Tmint, Tmeant, SPEI6t-1, SPEI6t-2, SPEI6t-3 

Forecasting  
Atmospheric 

circulations 
SPEI6t-3, SPEI6t-2, SPEI6t-1,WEMOt, SOIt-4, MOgit 

S
P

E
I9

 

Predicting 
Meteorological  

variables 
ETt, Tmeant, Tmint, SPEI9t-1, SPEI9t-2, SPEI9t-3 

Forecasting  
Meteorological  

variables 
RHt,Wt, SPEI9t-3, SPEI9t-2, SPEI9t-1 

S
P

E
I1

2
 

Predicting 
Atmospheric 

circulations 
WEMOt-4, MOact, MOgit , SPEI12t-1, SPEI12t-2, SPEI12t-3 

Forecasting  Combinatorial Wt , SOIt-4, SPEI12t-1, SPEI12t-2, SPEI12t-3 

S
P

E
I2

4
 

Predicting Combinatorial 
SOIt-6,Wt-6, Rt-1, MOgi, MOac, Tmax, SPEI24t-1, SPEI24t-2, 

SPEI24t-3 

Forecasting  
Meteorological  

variables 
Wt , RHt , SPEI24t-1, SPEI24t-2, SPEI24t-3 

S
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I4
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Predicting 
Atmospheric 

circulations 
MOact , WEMOt , SPEI48 t-1, SPEI48t-2, SPEI48t-3 

Forecasting  Combinatorial 
W t-6, Rt, RHt, Tmaxt, BSSTt , MOact , WEMO t-6, SPEI48 t-1, 

SPEI48t-2, SPEI48t-3 

 
Except the SPEI3 predictions (RELIEF + SPEI delays), in the rest, the second combination (SPEI delays+cfs) was best input structure. 

 
Table 4- Best results in the evaluation criteria for the M5 tree model for drought investigation and forecasting 

 

 

 

 

 

 

 

 

 

 SPEI3 SPEI6 SPEI9 SPEI12 SPEI24 SPEI48 

Predicting 

Structure Combinatorial 
Meteorological  

variables 

Meteorological  

variables 

Atmospheric 

circulations 
Combinatorial 

Atmospheric 

circulations 

R 0.6745 0.7866 0.7953 0.7574 0.8084 0.85 

RMSE 0.6901 0.3485 0.3777 0.2931 0.1926 0.0843 

MAE 0.5421 0.5221 0.2809 0.2153 0.1427 0.118 

Forecasting  

Structure Combinatorial 
Atmospheric 

circulations 

Meteorological  

variables 
Combinatorial 

Meteorological  

variables 
Combinatorial 

R 0.7086 0.7856 0.7917 0.7561 0.8049 0.8538 

RMSE 0.6654 0.528 0.2809 0.2144 0.1985 0.1168 

MAE 0.4921 0.3667 0.3794 0.2896 0.1503 0.0859 
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Figure 5- The correlation coefficients of M5 model for six stations between the years 1988–2016 

 

The correlation coefficients are one of the criteria found in the evaluation in the M5 model and were calculated for six stations 

between the years 1988–2016. Figure 5 shows the results derived from the SPEI predictions for each station. If the model input 

is not the same for each time step of SPEI, comparisons cannot be made. The lighter colours in Figure 5 show higher correlation 

coefficients whereas the darker colours indicate lower correlation coefficients. Our results demonstrated that better information 

in most cases could be obtained from the combination of atmospheric circulations and meteorological variables. Moreover, the 

distribution charts display the best model for each SPEI time scale (Figures 6 and 7). As the time scale approaches the highest 

value (48-month), the accuracy of the resulting model increases. In other words, the SPEI48 model outperformed over the 

remaining models.  

  
a) SPEI3 b) SPEI6 

  
c) SPEI9 d) SPEI12 

  

e) SPEI24 
f) SPEI48 
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Figure 6- Distribution diagrams of actual and predicted SPEI for predictions of drought 
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Figure 7- Distribution diagrams of actual and predicted SPEI for prediction of drought 

 

Taylor diagrams are often applied to measure the predictions performance in hydrology and climatology. Information was 

plotted on Taylor's charts in identifying the best predictions and forecasting results for SPEI48 (Figure 8). 
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Figure 8- Taylor diagrams for SPEI48 predictions and prediction 

 

Following to definition of drought index classification groups by the National Drought Reduction Center (Hayes 2003) 

we classified the monthly values of large-scale atmospheric circulation indices, climate variables and the drought index into 

seven discrete categories; namely, extremely dry (ED), severely dry (SD), moderately dry (MD), near normal (NN), 

moderately wet (MD), extremely wet (EW), and severely wet (SW). The classification threshold  for drought indicators is 

shown in Figure 9. There is a lot of similarity between the SPI and SPEI indices. That is why many studies use the 

classification illustrated in Figure 9.  

 

 
 

Figure 9- Drought index results in The Urmia Lake basin 

 

Atmospheric circulation indices were further divided into seven categories with thresholds based on their frequency 

distribution. The data split is also shown in Figure 9, which presents the drought in recent years, from 2007 to 2016. It also 

indicates wetness from 1992 to 1997. This was ruled out in the case study. Assuming a normal distribution fit in to the period of 

30-year observations, each circulation index and meteorological variable are divided with respect to magnitudes of 0.5, 1, and 

1.5 times the standard deviation (SD). Table 5 shows the division of the data based on SD for the classification of each variable. 

For example, the SOI data were divided into seven groups as follows: SOI1 (group 1) corresponds to the SOI values more than 

1.5 times its SD; SOI2 (group 2) for the range of 1 and 1.5 times its SD; SOI3 (group 3) for the range of 0.5 and 1 times i ts SD; 

RMSE
3

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 0.1 0.2 0.3 0.4

N
o

rm
a

li
ze

d
 S

D

Normalized SD

Observed

SPEI48

modeling

SPEI48 Predict

Extreme

ly wet 

(EW) 

Severely wet 

(SW) 

Moderately 

wet (MW) 

Near normal 

(NN) 

Moderately 

dry (MD) 

Severely dry 

(SD) 

Extre

mely 

dry 

(ED) 

Drou

ght 

Categ

ory 

≥2 
1.99≥SPEI≥1.

5 

1.49≥SPEI≥

1 

0.99≥SPEI≥-

0.99 

-1≥SPEI≥-

1.49 
-1.5≥SPEI≥-1.99 ≤-2 SPEI 



Sureh et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2024, 30(1): 61-78 

74 

 

SOI4 (group 4) with internal values is 0.5 and -0.5 SD; SOI5 (group 5) for the range of -0.5 and -1 times its SD; SOI6 (group 6) 

for the range of -1 and -1.5 times its SD; and finally SOI7 (group 7) for the range of less than -1.5 times its SD. The similar rules 

apply for the classification of all meteorological variables and atmospheric circulation indices and this method was used by 

Tadesse et al. (2004). 

 
Table 5- Classification of meteorological variables and atmospheric circulation indices 

 

Extremely 

low (EL) 

Very low 

(VH) 
Low (L) 

Near Normal 

(NN) 
High (H) 

Very high 

(VH) 

Extremely 

high (EH) 
Variables 

-1.5≥ -1≥X≥-1.5 -1≥X≥-0.5 0.5≥X≥-0.5 1≥X≥0.5 1.5≥X≥1 1.5≤ 

Meteorological 

variables and sea 

surface temperature 

-3≥ -2≥X≥-3 -1≥X≥-2 1≥X≥-1 2≥X≥1 3≥X≥2 3≤ NAO 

2≥ 1≥X≥2 1≥X≥0.5 0.5≥X≥-0.5 1 -≥ X≥0.5- 2 -≥ X≥1- 2≤- SOI 

-0.6≥ -0.6≥X≥-0.4 -0.4≥X≥-0.2 0.2≥X≥-0.2 0.4≥X≥0.2 0.6≥X≥0.4 0.6≤ MOac, MOgi 

 

After determining these rules, keeping the definition of three different scenarios in mind, the Association Rules between the 

SPEI and large-scale atmospheric circulation indices and climate variables were extracted in the Urmia Lake basin in the next 

step. At the first scenario, only the effects of meteorological variables on effective SPEI groups were examined to determine 

which meteorological variables will mostly affect the SPEI in the basin. In the second scenario for the effective SPEI, the 

influences of atmospheric circulations indexes were examined; and finally, the combined effects of atmospheric circulations 

indexes on all the SPEI timescales were analysed in the third scenario. The Association Rules algorithm was implemented for 

various SPEIs. In each case, an average of 100 community rules was obtained, including prefixes of one to five members of the 

indexes. The occurrence of drought could be verified based on the meteorological variables and atmospheric circulation indices. 

As stated earlier in the formation of the Association Rules, only sufficiently repeated rules are desired, that is to have the 

minimum amount of support (in this research 10%) and a high degree of certainty. In other words, the achieved rules, at least in 

34 cases occurred during the research period. That is to say, at least 10 percent of support is based on trial and error, implying 

that an increase in the amount of support will reduce not only the number of rules produced but also the increase in the rules so 

that their analysis becomes difficult to achieve. 

 

The selected patterns were then determined for the SPEI3, SPEI6, SPEI9, SPEI12, SPEI24, and SPEI48 time scales. An 

effective group for the SPEI was determined as NN by the Association Rules. Most influential variables in the predictions of 

SPEI timescales are specified in Table 6, which shows that the most effective clustering of meteorological variables (Structure 

1) for the SPEI3, SPEI6, SPEI9, SPEI12, SPEI24, SPEI48 are NN, VL, H, H, H, and VH, respectively. The most effective 

clustering of atmospheric circulations indices (Structure 2) is the H, NN, H, H, VL, and H, respectively. The most effective 

classification combination of the atmospheric circulation indices. And meteorological variables (Structure 3) on the SPEI time 

scales is NN, VH, VH, H, VL, and VH, respectively.  

 

The most influential variables for the forecasting of SPEI timescales are specified in Table 6, which shows that the most 

effective classification of meteorological variables (Structure 1) for the SPEI3, SPEI6, SPEI9, SPEI12, SPEI24, SPEI48 are NN, 

VL, VH, VH, H, and VH, respectively. The most effective Classification of atmospheric circulation indices (Structure 2) is the 

(H, H, L, EL, VL, H), respectively. The most effective classification combination of atmospheric circulation indices and climate 

variables (Structure 3) on the SPEI time scales is NN, VH, VH, VL, NN, VH, respectively. 
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Table 6- Best rule of parameters with SPEI in Association Rules 

 

SPEI Structure Combination 

SPEI3t 

Meteorological variables TMIN=NN, RH=NN  ==> SPEI3=near normal 

Atmospheric circulations MOgi=H  ==>  SPEI3=near normal 

Combinatorial W=NN, RSST=VH  ==>  SPEI3=near normal 

SPEI6t 

Meteorological variables TMAX= VL,  ET= VL   ==> SPEI6=near normal 

Atmospheric circulations NAO=NN , SOI =NN  ==>  SPEI6=near normal 

Combinatorial TMAX=VH, CSST=VH, MOac=EH  ==>  SPEI6=near normal 

SPEI9t 

Meteorological variables W=H  ==> SPEI9=near normal 

Atmospheric circulations SOI= L   ==> SPEI9=near normal 

Combinatorial TMAX=VH ,MOac=EH 46 ==> SPEI9=near normal 

SPEI12t 

Meteorological variables W=H  ==> SPEI12=near normal 

Atmospheric circulations SOI= L   ==>  SPEI12=near normal 

Combinatorial TMAX=VH ,CSST=VH, MOac=EH 40 ==>  SPEI12=near normal 

SPEI24t 

Meteorological variables W=H  ==> SPEI24=near normal 

Atmospheric circulations RSST= VL, MSST= VL ==>  SPEI24=near normal 

Combinatorial R=NN, BSST= VL   ==>  SPEI24=near normal 

SPEI48t 

Meteorological variables Tmean=VH, ET=VH==>  SPEI48=near normal 

Atmospheric circulations MOac=H==>  SPEI48=near normal 

Combinatorial Tmax=VH, PSST=VH,RSST=VH==>  SPEI48=near normal 

SPEI3t+1 

Meteorological variables Tmax=NN,RH=NN, ET=NN==> SPEI3=near normal 

Atmospheric circulations MOgi=H==> SPEI3=near normal 

Combinatorial RH=NN,MOgi=NN==> SPEI3=near normal 

SPEI6t+1 

Meteorological variables Tmax = VL, ET= VL==> SPEI6=near normal 

Atmospheric circulations MOgi=H==> SPEI6=near normal 

Combinatorial Tmax =VH, CSST=VH,MOac=EH==> SPEI6=near normal 

SPEI9t+1 

Meteorological variables Tmean=VH, ET=VH==> SPEI9=near normal 

Atmospheric circulations SOI= L ==> SPEI9=near normal 

Combinatorial ET=VH, MOac=EH==> SPEI9=near normal 

SPEI12t+1 

Meteorological variables Tmax =VH, RH= VL==> SPEI12=near normal 

Atmospheric circulations WEMO=EL==> SPEI12=near normal 

Combinatorial RH= VL, CSST=VH==> SPEI12=near normal 

SPEI24t+1 

Meteorological variables RH=H==> SPEI24=near normal 

Atmospheric circulations BSST= VL==> SPEI24=near normal 

Combinatorial R=NN, MSST= VL==> SPEI24=near normal 

SPEI48t+1 

Meteorological variables Tmean=VH, ET=VH==> SPEI48=near normal 

Atmospheric circulations SOI=H==> SPEI48=near normal 

Combinatorial Tmax =VH, PSST=VH==> SPEI48=near normal 

 

For each of the three structures, the values of confidence and Lift indexes computed with respect to the Association Rules 

are given in Figure 10. The confidence indicator for a fixed limit on the threshold is used to compare the SPEI time scale results. 

As evident in Figure. 10, with an increase in the SPEI time increment, the index of ascending Association Rules increases 

between the third scenario and SPEI, which indicates the high efficiency of the combined method in this study for the drought 

assessment in terms of SPEI. For example, the value of Lift index for Association Rules based on the SPEI48 and combination 

of large-scale atmospheric circulation indices and climate variables. Came out to be 1.32 and 1.24 for the SPEI24 and 1.1 for the 

SPEI12, indicating that the first combination is more relevant than other two alternatives. 

 

Atmospheric circulations can be also used solely as predictors without using meteorological variables – in longer horizons 

of SPEI (e.g.48-month). Due to Lake Urmia is close to the seas, it has been determined that the meteorological drought in this 

basin is more dependent on SOI and SST variables than other variables (Alizade Govarchin Ghale et al. 2018; Alizadeh‐Choobari 

et al. 2016; Arkian et al. 2018). The Urmia Lake basin is one of the most important basins in Iran, facing many problems due to 

poor water management and rainfall reduction. Under current circumstances, it becomes critical to have an advanced 

understanding of rainfall patterns in the basin, setting the motivation of this study. 
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(a) Confidence Index values for SPEI time steps (present) (b) LIFT index values for SPEI time steps (present) 

 

 
 

(c) Confidence Index values for SPEI time steps (predict) (d) LIFT index values for SPEI time steps (predict) 

Figure 10- Confidence and Lift indicators of best rules 

 

4. Conclusions 
 

The drying of Lake Urmia and its socioeconomic side effects is one of Iran's major emerging environmental problems. This 

tragic phenomenon attracts the attention of many researchers in water resources and agricultural scientific communities. Many 

studies have used meteorological models to predict droughts in the Lake Urmia basin. However, the relationship between 

meteorological variables and atmospheric circulation and Lake Urmia's meteorological drought had never been determined. 

Therefore, this study focused on examining the droughts in this basin to develop predictive models in conjunction with large-

scale atmospheric circulation indices and climate variables. The data mining algorithms were used to identify drought episodes 

associated with large-scale atmospheric circulation indices and climate variables. This study considered the meteorological 

drought in the Lake Urmia basin based on the SPEI index. SPEI index considers the effects of evapotranspiration with 

precipitation in drought. For the first time, in this study, a combination of meteorological variables, atmospheric circulations, 

and sea surface temperatures in the surrounding seas using data mining prediction methods provided a more comprehensive 

understanding of droughts. However, due to free access to the atmospheric circulations index data, the study area is limited to 

the Urmia basin. Our evaluation depends on three scenarios: the first included only the climate variables, the second with the 

atmospheric circulation indices, and finally, the third with a combination of both set variables. In the M5 tree model, forecasting 

was done for the next time step. The results showed that both methods are highly reliable and can be used for drought index 

modeling.  

 

According to the results, atmospheric signals effectively forecast long-term drought. However, it was determined that the 

meteorological variables are more effective in forecasting short-term drought. Previous studies showed that atmospheric signals 

effectively forecast long-term precipitation and drought (Tadesse et al. 2004; Nikzad et al. 2013). Confidence and Lift indicators 

were computed to evaluate the rules extracted via the association rules method. A relationship was found between large-scale 

atmospheric circulation indices and climate variables and a combination of both with the SPEI index at different time steps. 

However, this relationship and efficiency vary regarding the delay time. The results revealed that regional atmospheric 

circulations have long-term impacts on weather patterns, and meteorological variables also play a significant role in short-term 

impacts. Therefore, it is plausible to use both sets of variables to reach acceptable results. Considering the recent droughts in the 
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catchment area of the Lake Urmia and the other lakes with similar climatic characteristics, the availability of data on regional 

atmospheric circulations via satellite imagery and the use of introduced methods, including Association Rules and M5 tree 

models facilitate providing simple and understandable rules and relationships; therefore, it may be suggested as a new approach 

in forecasting droughts with relatively high precision. The approach outlined in this paper can be used in any earth region with 

a relatively similar climatic characteristic to the Lake Urmia basin. It is suggested that other indicators be used to study drought 

in the region. Considering that in this research, the Thiessen averaging of the region has been used to study the drought, it is 

suggested that other methods be used in the research for averaging the stations in the region (such as is pluvial line) and the 

results obtained with the results. It is suggested that other data mining methods, such as support vector machines or gene 

expression, be used to study and predict drought indicators. The effect of meteorological data on rainfall and drought of each 

station can be examined one by one. Also, it is suggested to use more stations in similar studies. 
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ABSTRACT 
Chestnut (Castanea sativa) blossoms are natural resources that are not 

put to economic use. They are completely mixed with soil as waste. 

Thus, this extensive study was designed and remarkable results were 

found showing the potential usefulness of chestnut blossoms. In addition 

to the phenolic capacity and antioxidant capacity of the aqueous and 

ethanolic extracts of dried chestnut flowers, the anti-urease activity of 

these extracts was studied to demonstrate their therapeutic value. The 

binding interaction of phenolic substances present in chestnut blossom 

with urease was shown using molecular docking research. The aqueous 

extract, with most effect, had total phenolic content of 46.67 ± 0.37 mg 

GAE/g and total flavonoid content of 6.14 ± 0.40 mg QUE/g. The 

antioxidant activity was determined by FRAP (648.47 ± 5.27 µmol 

FeSO4.7H2O/g for aqueous extract and 347.53 ± 2.09 µmol 

FeSO4.7H2O/g for ethanolic extract) and DPPH (0.05 ± 0.01 mg/mL for 

SC50 of aqueous extract and 0.11 ± 0.01 mg/mL for SC50 of ethanolic 

extract) assays, and rutin was found to be the dominant phenolic 

compound according to HPLC. IC50 values for urease in aqueous and 

ethanolic extracts were 2.55 ± 0.09 mg/mL and 4.57 ± 0.24 mg/mL, 

respectively. According to the docking experiments, which were 

important to support the hypothesis of anti-urease activity, myricetin and 

luteolin showed different and effective bonding degrees to the target 

protein when compared with the reference molecule acetohydroxamic 

acid. In summary, chestnut flowers are rich in phenolic compounds 

which are responsible for a wide range of biological activities including 

antioxidant features and urease inhibition. These blossoms could be 

evaluated as potentially important raw materials for food. 

 

 

Keywords: Chestnut, Blossom, Antioxidant, Phenolics, Molecular docking, Anti-urease 

 

 

1. Introduction 
 

Chestnut trees are highly valuable forest plants providing many benefits. In addition to wood and lumber, they also provide 

important non-wood products such as fruit and blossoms. Honeybees also directly benefit from these natural products (Carocho 

et al. 2015; Kolayli et al. 2016; Caleja et al. 2019; Rodrigues et al. 2020). The high antioxidant and other biologically active 

properties of chestnut honey, pollen, and propolis are due to high amounts of polyphenols in their composition (Comandini et 

al. 2014; Sahin et al. 2019; Karkar et al. 2021). Türkiye, a country rich in chestnut forests, is also the world's largest producer 

of chestnut honey. This type of honey, also known as medicinal honey, is one of the most valuable honeys in the world, with 

dark color, non-crystalline structure, and high antimicrobial and antiviral value. It is frequently used for asymptomatic 

treatments and wound healing therapies. Chestnut bee pollen and propolis are reported to be rich in polyphenols and tannins 

(Comandini et al. 2014; Carocho et al. 2015; Rodríguez-Flores et al. 2023). Tannins are complex polyphenols produced by a 

variety of plants, including chestnut trees (Aimone et al. 2023). Recent studies showed that chestnut blossoms should be 

evaluated as functional foods. The studies also indicated that in addition to chestnut honey and bee pollen, chestnut blossoms 

contain high levels of polyphenols (Barreira et al. 2008; Peng et al. 2022). 

 

Comparisons of chestnut honey, blossoms, barks, leaves, and fruits showed that each product exhibits different antioxidant 

activities, with the highest levels being observed in blossoms (Barreira et al. 2008). Moreover, coumarins, flavonoids and their 

derivatives, proanthocyanidins, and sterols were found in horse chestnut seeds (Dudek-Makuch & Studzińska-Sroka 2015). 

Dried chestnut blossoms are also rich in oil, protein, sugar, antioxidants, polyphenols, and mineral and fiber substances, and 

they are used as natural ingredients in the bakery industry (Carocho et al. 2015). 
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Although there have been many studies about the chemical and biochemical properties of chestnut fruit, the studies 

involving chestnut blossoms are limited. The purpose of this study was to assess the usefulness of chestnut blossom extracts 

for the food industry, identify their biologically active properties, and describe their potential benefits to the economy. In brief, 

aqueous and ethanolic chestnut blossom extracts were tested for phenolic content, antioxidant activity, and anti-urease activity. 

 

2. Material and Methods 
 

2.1. Chemicals 

 

Phenolic standards were obtained from Sigma-Aldrich (St. Louis, MO, USA). Daidzein was supplied by Cayman Chemical 

(Michigan, USA), and other chemicals required for current assays were purchased from Sigma-Aldrich (St. Louis, MO, USA) 

and Merck (Darmstadt, Germany). 

 

2.2. Samples 

 

Chestnut blossoms were collected from natural chestnut trees (Castanea sativa) on private land in Samsun, Türkiye, in June 

2019. The fresh blossoms were collected, dried at room temperature, and powdered in a grinder. Then, the samples were 

extracted with distilled water and ethanol. For the aqueous extract, 6 g of dry sample was mixed with 60 mL of distilled water 

and brewed at 100 °C for 10 minutes. This extraction method is also known as infusion. The extract was filtered and stored at -

20 °C until use. The second extract was prepared with 70% ethanol. For this purpose, 6 g of sample was added to 60 mL of 

70% ethanol, shaken for 24 h, and filtered and evaporated under a vacuum evaporator (Heidolph, Schwabach, Germany) at 40 

ºC, after which the extract was finally dissolved in a small amount of 70% ethanol. 

 

2.3. Determination of total phenolic content (TPC) 

 

The TPC of the extracts was determined using the Folin-Ciocalteu method (Singleton & Rossi 1965) with gallic acid as the 

standard. TPC is expressed as mg gallic acid equivalent (GAE)/g dry sample using a standard curve. 

 

2.4. Determination of total flavonoid content (TFC) 

 

TFC of both extracts was measured using a spectrophotometric method with quercetin as standard (Fukumoto & Mazza 2000). 

TFC is expressed as mg quercetin equivalent (QUE)/g base on the curve.  

 

2.5. Analysis of ferric reducing/antioxidant power (FRAP)  

 

The ferric reducing/antioxidant power assay (FRAP) method described by Benzie & Strain (1999)  was used to calculate the 

total antioxidant capacity of the extracts. For FRAP values, the results are given as µmol FeSO4.7H2O equivalents/ g dry 

matter. 

 

2.6. DPPH•-free radical scavenging assay   

 

The DPPH• assay was developed using a spectrophotometric method described previously by Brand-Williams et al. (1995). 

All DPPH• assay results are given with SC50, which is the sample concentration that causes 50% radical scavenging.  

 

2.7. Analyses of phenolic composition by HPLC-UV 

 

To prepare the extract for chromatographic analysis, 10 mL of blossom extract was evaporated (Heidolph, Schwabach, 

Germany) at 40 °C to dryness. The residue was then dissolved in 10 mL distilled water (pH: 2), and the resulting aqueous 

solution was extracted three times with 5 mL diethyl ether (15 min, 200 rpm, room temperature). Following each extraction, 

the upper organic phase was collected. After that, the aqueous solution was extracted three times with 5 mL ethyl acetate (15 

min, 200 rpm, room temperature). After these extractions, the organic phases were mixed and evaporated (Heidolph, 

Schwabach, Germany) at 30 ºC to dryness. The residue was dissolved in 2 mL methanol, filtered through 0.45 µm filters, and 

analyzed using an HPLC device. 

 

Calibrations were also performed for HPLC using 19 standard phenolic compounds at 280 and 340 nm (Elite La Chrome; 

Hitachi, Tokyo, Japan) on a device fitted with a reverse phase C18 column (150 mm, 4.6 mm, 5 μm; Fortis). The R2 values for 

each compound were between 0.998-1.000. The program employed was described in previous studies, with acetic acid, water, 

and acetonitrile being used as the mobile phase (Malkoç et al. 2019). The mobile phase was composed of (A) 2% acetic acid in 

water and (B) acetonitrile: water (70:30). Finally, 20 μL of the sample was injected individually at 25 °C, and the flow rate was 

set to 0.75 mL/min.  
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2.8. Anti-urease activity 

 

The anti-urease activity test is based on urease inhibition of the indophenol method (Weatherburn 1967), and jack bean urease 

is used for the test. The absorbance was recorded at 625 nm (Thermo Scientific Spectrophotometer, Waltham, MA). The 

results for the samples and for acetohydroxamic acid (AA), which was used as a standard inhibitor compound, are expressed as 

IC50, the level producing 50% inhibition of maximal activity. 

 

2.9. In silico methods (Protocol for molecular docking study) 

 

To analyze the interactions of four ligands, molecular docking experiments were performed using Autodock 4.2 software. The 

crystal structure of jack bean urease (Canavalia ensiformis) (PDB ID: 4GY7, Res: 1.49 Å) was downloaded from RCSB 

Protein Data Bank (https://www.rcsb.org/). In general, binding free energies (ΔG) for crystal structures and docking models are 

determined to assess the accuracy of binding affinity prediction between ligands and target proteins. The structures of the 

ligands were obtained from the Pubchem Database (pubchem.ncbi.nlm.nih.gov) and converted to a pdf file with BIOVIA 

Discovery Studio Visualizer 2018. The prepared ligands and proteins were used as input files for AutoDock 4.2 software 

(Morris et al. 2009). With the help of the software, a Lamarckian genetic algorithm technique was used. After minimizing the 

energy, the water molecules were removed, and a rigid protein and a flexible ligand were docked using the standard docking 

method with 100 independent runs for each ligand's torsion angle. In the catalytic site of the protein, Autodock 4.2 was used 

for all docking experiments. With a grid spacing of 0.375 Å, a grid was constructed with 126, 126, and 126 points in the x, y, 

and z directions. All other parameters were left at their default settings. The ligand-protein docked complexes were analyzed 

based on minimum binding energy values and ligand interaction (hydrogen/hydrophobic) patterns to predict the binding 

strength of four ligands. BIOVIA Discovery Studio Visualizer 2018 (Dassault Systèmes BIOVIA 2016) was used for the final 

visualization of the docked structures. 

 

2.10. Statistical analyses 

 

SPSS version 11.5 software was used for statistical analysis (IBM SPSS Statistics, Armonk, New York, USA). Mean and 

standard deviation are used to express descriptive statistics. Correlation analysis was performed using the Mann–Whitney U 

test. The significance level was set at P<0.05. 

 

3. Results and Discussion 
 

3.1. TPC and TFC results for chestnut blossoms 

 

The relevant values are shown in Table 1. The total amount of phenolic substance was 46.67 ± 0.37 mg GAE/g in the aqueous 

extract and 25.78 ± 0.15 mg GAE/g in the ethanolic extract. These data were statistically significantly different (P<0.05). The 

higher amount of polyphenols in the aqueous phase indicates that the polyphenols found in chestnut blossom are rich in polar 

or hydrophilic compounds. Almost all phenolic acids are such compounds and are soluble in water. Flavonoids, the largest 

member of the polyphenol family, were determined at higher levels in the aqueous extract (6.14 ± 0.40 mg QE/g) than in the 

ethanolic extract (mg QE/g), although the statistical difference was significant (P<0.05). Even though there was a statistically 

significant difference between the present values, the coefficient difference between the extracts was not as high as the 

difference for the total phenolic substance findings. The principal reason for this is that flavonoids are relatively non-polar in 

character, because ethanol has a lower polarity than water and, conversely, are more non-polar in character. Similar to the 

results of the present research, a previous study using the heat-assisted extraction method to extract total phenolic substances 

from chestnut blossoms reported rich water-soluble tannin (hydrolyzed tannin) and flavonoid contents (Caleja et al. 2019). 

When TPC and TFC values were compared with those of previous studies, this study clearly illustrates the bio-efficiency of 

chestnut blossoms. In a study using fresh chestnut flowers, TPC and TFC values were confirmed as 298 mg GAE/g and 160 

mg catechin equivalent (CE)/g, respectively (Barreira et al. 2008). Another comprehensive study in the literature analyzed 

different parts of chestnut except the blossom in terms of some bioactivity assays (Silva et al. 2020). In this study, each part of 

the chestnut separately had value in terms of total phenolic substances. Although the study used a different unit than the current 

study, it was emphasized that the leaves (385.4 g of epicatechin equivalents per mg of residue) had higher total phenolic 

content than the inner and outer shells and burs of chestnut (Silva et al. 2020). In addition to this study, other indirect studies 

were carried out related to chestnut honey made from chestnut blossom nectar. Kolayli et al. (2016) determined the range of 

TPC and TFC in chestnut honey was 76.20-94.05 mg GAE/ 100 g and 4.20-6.50 mg QUE/ 100 g, and Can et al. (2015) found 

the mean value of TPC and TFC in chestnut honeys was 98.26 mg GAE/ 100 g and 8.10 mg QUE/100 g, respectively.  
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Table 1- Antioxidant properties of the chestnut blossom extracts 

 

Analysis Parameters Aqueous Extract Ethanolic Extract 

Total Phenolic Content (mg GAE/g ) 46.67 ± 0.37a 25.78 ± 0.15b 

Total Flavonoid Content (mg QE/g)    6.14 ± 0.40a   5.02 ± 0.30b 

Total Antioxidant Capacity- FRAP (µmol FeSO4.7H2O/g) 648.47 ± 5.27a     347.53 ± 2.09b 

DPPH Radical Scavenging-SC50 (mg/mL)     0.05 ± 0.01b    0.11 ± 0.01a 
 

a, b: letters in the same lines are significantly different at the 5% level (P<0.05). 
 

3.2. Antioxidant activity of chestnut blossoms 

 

FRAP and DPPH• radical scavenging activities were utilized to evaluate the antioxidant properties of the chestnut blossoms. 

The FRAP method, which is based on the reduction of Fe (III)-complex in the presence of antioxidants, is used to calculate 

total antioxidant capacity. In general terms, a high FRAP value indicates high antioxidant capacity, and these values were 

approximately two times higher in aqueous extract than in ethanolic extract (648.47 ± 5.27 µmol FeSO4.7H2O/g for aqueous 

extract and 347.53 ± 2.09 µmol FeSO4.7H2O/g for ethanolic extract; P<0.005). 

 

The DPPH• radical is an unnatural, synthetic radical, and the method based on it is a very sensitive, reliable, and simple test 

measuring the radical-scavenging ability of natural products. Any antioxidant scavenging this radical has high potential to 

eliminate dietary radicals, hydroxyl, superoxide, and nitric oxide formed by oxidative stress in the body. The amount of 

substance that cleanses half of this radical is defined as SC50 (scavenging activity); the lower this value, the higher the activity. 

The DPPH• scavenging ability of the aqueous extract in the present study was approximately twice as high as for the ethanolic 

extract (0.05 ± 0.01 mg/mL SC50 for aqueous extract and 0.11± 0.01 mg/mL SC50 for ethanolic extract; P<0.005). In short, the 

results of both antioxidant tests showed that the aqueous extract had significant antioxidant capacity. This is mostly because 

the aqueous extract contains many phenolic compounds, which was also confirmed by HPLC-UV in this study. Some previous 

studies also confirmed that aqueous extracts of chestnut blossoms have high antioxidant value (Tuyen et al. 2017; Caleja et al. 

2019).  

 

3.3. Evaluation of the phenolic profile of chestnut blossoms 

 

According to studies in the literature, the profusion of phenolic compounds present in the composition of chestnut flowers 

allows for combination of their remarkable bioactive properties. Moreover, these studies highlighted that the phenolic 

compounds in chestnut flowers are promising agents as natural food preservative in the food industry (Carocho et al. 2014; 

Caleja et al. 2019; Alaya et al. 2021). 

 

The phenolic compositions of the current samples, extracted with two different extract polarities, are summarized in 

Table 2. The primary phenolic compounds in the aqueous extract, which analyzed 19 phenolic standards using HPLC-UV, 

were rutin, gallic acid, and myricetin, and the main phenolic compounds in the ethanolic extract were rutin, luteolin, and 

resveratrol. The ethanolic extract contained more rutin (1228.93 ± 2.76 µg/g) than the aqueous extract (1117.72 ± 2.92 

µg/g) (P<0.005). Also, gallic acid values were approximately 10 times higher in the aqueous extract (979.47 ± 2.01 µg/g) 

than in the ethanolic extract (60.61 ± 0.88 µg/g)  (P<0.005). A previous study also reported that chestnut blossoms are very 

rich in gallic acid (Tuyen et al. 2017). Luteolin, a flavonoid derivative and a flavone exhibiting wide biological activity, was 

detected at the highest level in the ethanolic extracts but not in the aqueous extracts. Rutin, also known as quercetin -3-O-

rutinoside (α-L-rhamnopyranosyl- (1→6) -β-D-glucopyranose), is a product of glycosylation of the flavanol quercetin with 

a disaccharide and was detected at similar amounts in both extracts since it is amphipathic in character (Gullón et al. 2017). 
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Table 2- HPLC-UV analyses of the chestnut blossom extracts 

 

Phenolic Compounds (µg/g) Aqueous Extract Ethanolic Extract  

 Gallic acid 979.47 ± 2.01b 60.61 ± 0.88a 

 

Protocatechuic acid 77.60 ± 0.51b 35.75 ± 0.44a 

p-OH benzoic acid N.D. 4.85 ± 0.09 

Catechin 104.22 ± 0.78b 42.65 ± 0.31a 

Caffeic Acid N.D. N.D. 

Syringic Acid 3.38 ± 0.07b 2.03 ± 0.06a 

Epicatechin N.D. N.D. 

p-coumaric acid 45.01 ± 0.39b 37.86 ± 0.27a 

Ferulic acid N.D. N.D. 

 Rutin 1117.72 ± 2.92a 1228.93 ± 2.76b 

 Myricetin 334.59 ± 1.01b 51.97 ± 0.56a 

 Resveratrol 14.91 ± 0.16a 104.42 ± 0.96b 

 Daidzein 6.82 ± 0.17b 2.42 ± 0.08a 

 Luteolin N.D. 918.24 ± 1.31 

 

t-cinnamic acid 1.79 ± 0.09 N.D. 

Hesperetin N.D. 15.04 ± 0.38 

Chrysin N.D. N.D. 

Pinocembrin N.D. N.D. 

CAPE N.D. N.D. 
 

N.D. Not Detected; a, b letters in the same line are significantly different at the 5% level (P< 0.05) 

 

3.4. Urease inhibition activity of chestnut blossoms 

 

The other biological activity test for both samples was urease inhibition. Urease enzyme inhibitors are particularly important 

for Helicobacter pylori inhibition, and bacteria survive with this enzyme secreted into the extracellular environment. Both 

chestnut blossom extracts were found to inhibit the enzyme, but the aqueous extracts (IC50: 2.55 ± 0.09 mg/mL) caused greater 

inhibition than the ethanolic extracts (IC50: 4.57 ± 0.24 mg/mL). The statistical difference was confirmed at P<0.005. (Table 

3). Urease enzyme inhibition is thought to be caused by polyphenols; even so, it was shown that natural products with high 

phenolic acid and flavonoid contents exhibit higher activity in some urease inhibition studies (Al-Rooqi et al. 2023; Kataria & 

Khatkar 2019a). Aside from that, previous reports about natural compounds defended a close synergistic effect between urease 

inhibition activity and phenolic agents, which is similar to our claim (Uddin et al. 2011; Paun et al. 2014; Can et al. 2022). 

Moreover, in this study, the molecular docking properties of some compounds abundantly found in chestnut blossom extracts 

are presented to show the binding interaction of these compounds as a reason for urease inhibition.  

 
Table 3- Urease inhibitions of the chestnut blossom extracts 

 

Samples Inhibition IC50 (mg/mL) 

Aqueous Extract 2.55 ± 0.09b    

Ethanolic Extract 4.57 ± 0.24a 

Acetohydroxamic acid (AA) (μg/mL) 25.09 ± 0.02c 
 

a, b, c: letters in the same column are significantly different at the 5% level (P<0.05) 

 

3.4. Molecular docking assessment of major phenolics found in chestnut blossoms 

 

The results for successful docking of all ligands used in these docking experiments revealed significant interactions of the 

ligands with the target receptors. The target protein was more effectively bonded by four ligands (myricetin, gallic acid, rutin, 

and luteolin) than by the reference molecule. The ligand myricetin was strongly bound to jack bean urease with a binding 

energy of -7.30 kcal/mol. With a binding energy of -7.21 kcal/mol, the ligand luteolin also effectively docked with the target 

receptors. The ligands rutin and gallic acid were bound to the target protein with binding energies of -6.75 and -5.48 kcal/mol, 

respectively. Table 4 contains additional information. Figures 1-4 depict docked position in the target receptor for each ligand, 

as well as the residues with which each ligand interacts and the interactions. The molecular binding of some ligands, including 

phenolic compounds, with the urease enzyme was reported in the literature. In one study, some synthesized ligands showed 

significantly higher binding result to the active cavity of jack bean protein, and there was consistency between in silico and in 

vitro results (Kataria & Khatkar 2019a). Kataria & Khatkar (2019b) studied molecular docking with natural phenolic 

compounds as possible urease inhibitors. According to that study, five compounds -diosmin, morin, chlorogenic acid, 

capsaicin, and resveratrol- showed remarkable affinity towards the receptor.  
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Table 4- Summary of ligands against Urease enzyme from Jack Bean with binding energy, Ki and interacted residues in the 

binding site 

 

No 
Receptor 

Name 

Receptor 

PDB ID 
Ligand Name 

Binding 

Energy  

(kcal/mol) 

Ki Interacted Residues with Ligand 

1 

Urease from 

Jack bean 

(Canavalia 

ensiformis) 

EC: 3.5.1.5 

4GY7 

Myricetin (3,3′,4′,5,5′,7-

Hexahydroxyflavone) 
-7.30 4.44 µM 

Thr740, Val81, Ala80, Val36, Tyr32, Val744, Asp730, 

Glu718, Phe712, Lys716, Glu742 

2 

Luteolin (2-(3,4-

Dihydroxyphenyl)- 5,7-

dihydroxy-4-

chromenone) 

-7.21 5.18 µM Arg835, Phe840, Glu34, Arg29 

3 
Rutin (Quercetin-3-

rutinoside hydrate) 
-6.75 11.28 µM 

Val744, Phe840, Phe838, Glu418, Lys745, Met746, Pro717, 

Ser421, Lys716 

4 
Gallic acid (3,4,5-

trihydroxybenzoic acid) 
-5.48 95.88 µM Lys709, Glu742, Gln82, Ala80, Leu77 

5 
*Acetohydroxamic acid 

(N-hydroxyacetamide) 
-4.51 491.58 µM Leu833, Asn836, Val831, Ser834, Asp295 

 

*: Reference compound 

 

 
 

Figure 1- Binding pose profile of Rutin (Quercetin-3-rutinoside hydrate) in the target protein (A), blue shaped molecule 

represents the ligand and yellow shaped molecule indicates the receptor. The two-dimension (2D) (B) and three-dimension 

(3D) (C) interactions analysis of Urease from Jack bean with compound Rutin. (Representation of docked structures with 

BIOVIA Discovery Studio Visualizer software) 
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Figure 2- Binding pose profile of Luteolin (2-(3,4-Dihydroxyphenyl)- 5,7-dihydroxy-4-chromenone) in the target protein (A), 

blue shaped molecule represents the ligand and yellow shaped molecule indicates the receptor. The two-dimension (2D) (B) 

and three-dimension (3D) (C) interactions analysis of Urease from Jack bean with compound Luteolin. (Representation of 

docked structures with BIOVIA Discovery Studio Visualizer software) 
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Figure 3- Binding pose profile of Gallic Acid (3,4,5-trihydroxybenzoic acid) in the target protein (A), blue shaped 

molecule represents the ligand and yellow shaped molecule indicates the receptor. The two-dimension (2D) (B) and 

three-dimension (3D) (C) interactions analysis of Urease from Jack bean with compound Gallic Acid. (Representation 

of docked structures with BIOVIA Discovery Studio Visualizer software) 

 



Sahin et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2024, 30(1): 79-89 

           87 
 

 
 

Figure 4- Binding pose profile of Myricetin (3,3′,4′,5,5′,7-Hexahydroxyflavone) in the target protein (A), blue shaped molecule 

represents the ligand and yellow shaped molecule indicates the receptor. The two-dimension (2D) (B) and three-dimension 

(3D) (C) interactions analysis of Urease from Jack bean with compound Myricetin. (Representation of docked structures with 

BIOVIA Discovery Studio Visualizer software) 

 

4. Conclusions 
 

Thousands of tons of chestnut blossoms fall into the soil every year, and unfortunately, they rot spontaneously. However, it is 

well known that chestnut blossoms are a natural product with high biological activity that can be used as a natural food 

additive with numerous useful bio-properties. The current findings corroborate this assertion, especially the analysis of enzyme 

inhibition and antioxidant effects of the aqueous extract, which showed a nearly two-fold effect based on quantitative data. 

Furthermore, attempts were made to explain both antioxidants and urease inhibition by the phenolics found in each extract. 

Especially, rutin, which was the dominant phenolic in both chestnut blossom extract types, was a significant reason for the 

level of antioxidants; moreover, myricetin and luteolin were evaluated as excellent urease inhibitors due to having an effective 

response on molecular docking analysis at micromolar (µM) concentrations of 4.44 and 5.18, respectively. Even though this 

study explains some of the bioactive properties of chestnut blossoms, it is obvious that further research is needed to learn more 

about them. 
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ABSTRACT 
The natural regeneration of vegetation in areas of marly soils is 

restricted due to drought and soil erosion. For the ecological restoration 

of eroded areas, the selection of suitable plant species is critical. The 

aim of this study is to assess specific plant species and their ecological 

characteristics for their ability to thrive under drought in eroded areas 

with marly soil. The study was conducted on 36 sampling locations in 

the marly areas of Eskisehir-Bozan, Türkiye, during the most drought-

prone months, August and September, in 2011 and 2012. Vegetation 

sampling was conducted according to the Braun-Blanquet method. 

Fifteen plant taxa with the highest coverage and frequency were 

identified. Relationships between plant species and environmental 

factors were determined using Spearman’s correlation analysis. 

According to the results of numerical analysis, there were correlations 

between ecological parameters including nitrogen, phosphorus, organic 

matter, lime, slope, altitude and plant taxa. The resistance rate of fifteen 

plant taxa in marly areas is quite high even in the driest months. These 

plant taxa, possessing properties essential for soil protection, may be 

used for revegetation practices of marly areas exposed to soil erosion. 

This study’s findings will provide useful guidance for vegetation 

programs. 

 

Keywords: Eroded area, Growth form, Vegetation, Spearman’s correlation 

 

1. Introduction 
 

Marl rocks are widespread in many countries and marl derived soil is a mixture of clay and calcium carbonate and is very 

susceptible to erosion (Bouma & Imeson 2000; Sokouti & Razaki 2015). It has been determined that the source of sediment 

yield in arid areas is marly soils with high erodibility (Thoms et al. 2004). Steep slopes and low vegetation lead to further 

erosion. Soil erosion affects all natural and cultivated areas around the world and causes significant soil loss (Burylo et al. 

2011) and is known to be significant threat to sustainability in the context of ecosystem services. In particular, it is primarily 

responsible for land degradation in the cultivated areas located in fragile ecosystems (FAO & ITPS 2015). There is a consensus 

that ecosystem restoration should be scientifically reliable and reflect an accurate understanding of ecological principles 

(Stokes et al. 2014). Data regarding vegetation dynamics and some ecological characteristics of an area can help us assess the 

vulnerability of degraded soils due to soil erosion and the effectiveness of restoration activities (Burylo et al. 2011). In 

Türkiye, water erosion is a major problem and the predicted average soil loss rate is higher than 5 t ha-1 y-1 in the 26.4% of 

agricultural lands (Erpul et al. 2020). In particular in the wheat production areas, which constitute 67% of the agricultural areas 

in which field crops are cultivated, it leads to a significant reduction in production potentials at the national scale. But, wheat 

demand tends to increase due to rising population density (Anonymous 2019). Therefore, accurate estimation of land 

productivity under the accelerated soil erosion dynamics has great importance in terms of conservation natural resources 

(Saygın 2021). 

 

The Central Anatolian Region of Türkiye is a mountainous Mediterranean climate, and semiarid climatic conditions prevail 

in this region (Akman 1999). The main anthropogenic pressures affecting the forest resources in this region are 

overexploitation and overgrazing (Kahveci 2017). Relict forests are essential for ecological restoration in such degraded 

semiarid regions (Kahveci 1998). The Anatolian black pine woodlands in the marl areas of Eskişehir on the eastern foot slopes 

of the Sündiken Mountains are one of the relict forests. In addition, plants in these areas can be evaluated as seed source 

reserves for plant species used in revegetation efforts. The plants in these areas can adapt to changing environmental conditions 

(Loreau et al. 2001).  
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Vegetation degradation leads to soil erosion that decline in vegetation cover and floristic composition (Guerrero‐Campo & 

Montserrat‐Martí 2000), and water erosion and drought conditions in marly fields prevent the regeneration of vegetation 

(Cerda 1999; Breton et al. 2016). The relationships between soil erosion on marly soils and the plant or vegetation 

characteristics have been widely studied (Cerda 1999; Guerrero‐Campo & Montserrat‐Martí 2000; Guerrero‐Campo & 

Montserrat‐Martí 2004; Guerrero‐Campo et al. 2008; De Baets et al. 2007; Burylo et al. 2009; Varavipour et al. 2010; Burylo 

et al. 2011; Breton et al. 2016). Ecological studies have indicated that it is crucial to understand the environmental conditions 

and past rehabilitation projects to minimise erosion in marly soils. The selection of suitable species in studies of ecological 

restoration is also critical (Bochet & García-Fayos 2004; Bochet & García-Fayos 2015). Plant studies in the marly areas in 

Türkiye have to date generally focused on plant communities (Çetik 1985; Akman 1995). These vegetation studies are 

insufficient to reveal relevant site factors in detail. The aim of this study is to determine the plant species and some properties 

of eroded extremely limy soils in semiarid land, and to record growth forms of the plant species. This assessment will allow, 

for the first time, a determination of the plant species that can be used in the revegetation practices of highly limy and alkaline 

(marly) soils in semiarid areas.  

 
2. Material and Methods 

 
2.1. Site descriptions 

 

This study was conducted in areas surrounding Bozan, Eskisehir, Türkiye (Table 1), in areas of degraded Anatolian black pine 

(Pinus nigra J.F.Arnold subsp. pallasiana (Lamb.) Holmboe) and anthropogenically degraded oak-juniper and steppe that 

developed after forest destruction in the eastern foot slopes of the Sündiken Mountains. It is in the Irano-Turanian 

phytogeographical region (Davis 1965). Vegetation cover has been destroyed due to long-term animal grazing pressure (Figure 

1), which has resulted in soil and water erosion and the destruction of the areas vegetation. Marly soils are common and 

dominant in the research area. Generally, the upper soil layer in the area is lost because of erosion. As a result, surface erosion 

is generally observed in the area. 

 
Table 1- Sampling areas, habitat and environmental variables  

 

Sampling 

location  
Date Locality 

Latitude 

(36S) 
Longitude 

Sampling 

location 
Date Locality 

Latitude 

(36S) 
Longitude 

1 05.07.2011 Bozan-Circir 339327 4410312 19 10.07.2012 Circir-Agachisar V. road 339935 4412696 

2 05.07.2011 Bozan-Circir 339328 4410226 20 10.07.2012 Circir-Agachisar V. road 339810 4412499 

3 02.09.2011 Northern of Bugduz V. 337487 4418965 21 25.06.2015 
4 km to Tasliburun wood 

storage 
339589 4415712 

4 02.09.2011 Southern of Ozdenk V. 329683 4417670 22 11.07.2012 Easthern of Bugduz V. 336555 4414325 

5 02.09.2011 Southern of Ozdenk V. 329722 4417795 23 11.07.2012 Bugduz V. 337203 4415574 

6 03.09.2011 Southern of Ozdenk V. 330057 4418877 24 11.07.2012 Bugduz V. 337030 4417567 

7 03.09.2011 Southern of Ozdenk V. 330099 4417911 25 26.06.2015 Eastern of Derekoy V. 330126 4420066 

8 03.09.2011 Bozan-Mihaliccik 4. km 340789 4409553 26 12.07.2012 Bozan-Mihaliccik road 346325 4410578 

9 03.09.2011 
Eastern part of Asagi Dudas 

V. 
349093 4408892 27 12.07.2012 Asagi Dudas V. 348970 4408772 

10 03.09.2011 Bozan-Circir 339904 4411838 28 12.07.2012 Asagi Dudas V. 348474 4408399 

11 04.09.2011 
Southeastern of 

A.Doganoglu V. 
344636 4411530 29 12.07.2012 İlme farm 343095 4408100 

12 04.09.2011 2 km east of Karageyikli V. 352529 4411977 30 12.07.2012 
Southern of Asagi 

Doganoglu V. 
346482 4408847 

13 04.09.2011 2 km east of Karageyikli V. 352593 4411967 31 12.07.2012 Yukari Doganoglu V. 346888 4409057 

14 04.09.2011 2 km east of Karageyikli V. 352593 4411967 32 13.07.2012 
Between Ozdenk-

Cukurhisar V. 
330410 4416942 

15 09.07.2012 Tasliburun wood storage 339876 4419335 33 13.07.2012 
Between Agachisar-Ozdenk 

V. 
330485 4417530 

16 09.07.2012 Tasliburun 339664 4418684 34 13.07.2012 Circir 340901 4411107 

17 09.07.2012 Between Circir-Tasliburun 339873 4414055 35 13.07.2012 Agachisar V. road 339540 4415828 

18 09.07.2012 Tasliburun-Kalınagil 339469 4418790 36 20.05.2015 Ozdenk V. 330157 4418041 

 

V: Village 

 

https://tureng.com/tr/turkce-ingilizce/rehabilitation%20works
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Figure 1- Animal grazing pressure in the study area 

 

2.2. Climate of the study area 

 

We used climatic data from meteorological stations in the Eskisehir-Region (1960–2015) and Alpu-Region (1984–2002) taken 

from the Meteorology General Directorate which were the stations closest to the study area. The data were evaluated according 

to the Emberger method (Akman & Daget 1971; Akman 1999). Based on these data from the weather stations, the Eskişehir 

region is located in a semiarid and cold winter Mediterranean bioclimate and the Alpu region is located in a semiarid and 

extremely cold winter Mediterranean bioclimate (Table 2). The precipitation regime of the Alpu and Eskisehir stations is 

respectively spring, winter, autumn, and summer with the least precipitation in the summer season. According to the 

precipitation-temperature graph (Walter & Lieth 1967), there is a dry period from June to October in the study area (Figure 2). 

 
Table 2- Bioclimatic classification of the research area 

 

Meteorological station 
P M m PE Q S Bioclimate type 

Locality Alt. (m) 

Alpu-Region 765 376.8 30.4 -4.2 53.7 38.04 1.77 
Semi-arid, extremely cold winter 

Mediterranean bioclimate 

Eskişehir- 

Region 
801 286.0 29.1 -3.0 44.0 31.13 1.51 

Semi-arid, cold winter Mediterranean 

bioclimate 

 
P: Average annual precipitation total (mm); M: Maximum temperature average of the warmest month (°C); m: Minimum temperature average of the coldest 

month (°C); PE: Sum of summer precipitation (mm); S: Drought index = PE/M; Q: Precipitation-temperature equal =
2000P

(𝑀 + 𝑚 + 546.4)(𝑀 − 𝑚)
 

 

         
 

Figure 2- Climate diagrams of the nearest meteorological stations from the study area 

 

2.2. Data collection and methods 

 

The taxa studied were collected from 36 different locations where erosion had been observed. The sampling areas were within 

degraded forests, shrublands, and steppe areas (Figure 3). The size of the sampling areas is according to the smallest area 

method, which is 200 m2 in wooded and bushy areas and 50 m2 in steppe vegetation (Akman et al. 2001).  

https://tureng.com/tr/turkce-ingilizce/meteorological%20station
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Figure 3- Degraded forest (a), shrublands (b), and steppe areas (c) 

 

The study area is under intense anthropogenic pressure. However, the sampling areas were selected so that the vegetation 

was as representative as possible. The studies were carried out in August and September when the drought was most severe in 

2011–2012, and all vascular plants were recorded on vegetation scorecards. The Braun-Blanquet (1932) method was used for 

vegetation measurements. Physiographic factors such as slope (degree), exposure (degree) and elevation (m) were determined. 

For the purpose of determine soil properties of each sampling area, 72 soil samples were taken from the depth of 0–10 cm and 

10–30 cm. Growth forms of plant species were also recorded. The high-frequency species were determined by the vegetation 

table. Following this, plant species that formed bunches and colonies, shrubs and plants in tree form were identified. 

 

2.3. Laboratory analyses 

 

The collected plant specimens were identified according to Davis (1965–1985). Soil samples brought to the lab for analysis 

were air-dried, ground and sifted through a 2-mm sieve. Physical soil analyses included texture [sand (%), silt (%) and clay 

(%)], and chemical soil analyses included soil pH, organic matter (%) lime (CaCO3, %), total nitrogen (%) and available 

phosphorus (P, ppm). Soil pH was determined using an electrometric method in a solution ratio of 1:5 (soil/water) in distilled 

water (TS ISO 10390 2013). The texture was measured using the Bouyoucos hydrometer method (Kroetsch & Wang 2008). 

Total lime (CaCO3) and nitrogen were determined by Scheibler calcimeter (Kacar 2009) and the Kjeldahl method (Jackson 

1962), respectively. Organic matter content was determined using the Walkley‒Black wet oxidation method (TS 8336 2008). 

Available phosphorus in alkaline soils was measured using the Olsen method (Kacar 2009).  

 

2.4. Statistical analysis 

 

In the statistical analysis, the presence/absence (1/0) data of plant species and numerical data of environmental variables were 

evaluated. Relationships between environmental factors and plant taxa were calculated using Spearman’s correlation 

coefficient from non-parametric tests in SPSS program, because the data were not normally distributed. 

 

3. Results and Discussion 
 

In marly areas, different forms of soil erosion, are one of the prominent features (Thoms et al. 2004). Land erosion is clear ly 

seen in the marl soils that are the subject of the study. For the purpose of reduce soil erosion, the soil loss preventive clonal and  

ligneous plant species could be used in planting studies in marl areas. 
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The plant taxa with the highest frequency and the growth forms were as follows (frequency of plant taxa are given in 

parentheses):  

 

3.1. Bunched plants 

 

Festuca valesiaca Schleich. ex Gaudin (26), F. callieri (Hack.) Markgr. subsp. callieri (14) and Bromus tomentellus Boiss. 

(29). 

 

3.2. Batch plants (clonal plants) 

 

Alyssum sibiricum Willd. (27), Convolvulus phrygius Bornm. (27, endemic), Thymus leucostomus Hausskn & Velen. (30, 

endemic), Globularia orientalis L. (22). 

 

3.3. Chamaephyte and shrub 

 

Salvia tchihatcheffii (Fisch. & C.A.Mey.) Boiss. (17, endemic), Genista aucheri Boiss. (16, endemic), Jasminum fruticans L. 

(11), Rhamnus thymifolia Bornm. (18, endemic), Berberis crataegina DC. (28), Juniperus oxycedrus L. subsp. oxycedrus (34) 

and Quercus pubescens Willd. (24). 

 

3.4. Small tree and tree species 

 

Quercus pubescens and Pinus nigra subsp. pallasiana (16). 

 

The majority of these plant species, which are frequently seen in the study area, have a strong life energy even in the driest 

season. Notable among these species are: Festuca sp., Convolvulus phrygius, Genista aucheri, shrub and tree species. 

The results for some physiographic variables of the study area were presented in Table 3. 

 

All identified plant taxa in this study were within the area formed by marly soil. All examined taxa demonstrated a natural 

distribution on both sunny and shady aspects. The altitude of the study area is between 860 and 1125 meters with steep slopes 

(Table 3). 

 
Table 3- Environmental factors of the study area 

 

Sampling 

location 

Altitude 

(m) 

Exposure 

(°)  

Slope 

(°) 
Bedrock 

Sampling 

location 

Altitude 

(m) 

Exposure 

(°) 
Slope (°) Bedrock 

1 870 270 30 Marl 19 927 270 45 Marl 

2 898 270 47 Marl 20 928 90 37 Marl 

3 996 115 55 Chlorite schist 21 1047 90 3 Marl 

4 946 135 15 Marl 22 905 90 10 Marl 

5 959 135 10 Marl 23 917 315 37 Limestone 

6 1026 225 30 Limestone 24 965 90 25 Limestone 

7 1023 315 30 Limestone 25 966 270 50 Claystone 

8 863 180 30 Marl 26 902 270 30 Marl 

9 932 20 22 Marl 27 936 45 23 Limestone 

10 938 200 35 Marl 28 957 315 13 Marl 

11 904 110 35 Limestone 29 901 200 28 Marl 

12 979 20 3 Marl 30 940 90 16 Marl 

13 980 270 20 Marl 31 925 135 28 Marl 

14 976 90 22 Marl 32 968 200 37 Limestone 

15 1123 270 40 Marble 33 987 270 25 Limestone 

16 1086 270 8 Marl 34 880 270 30 Limestone 

17 991 270 30 Marl 35 1030 70 4 Marl 

18 1046 45 20 Claystone 36 1022 250 28 Marl 

 

When considering the soil characteristics of the species, it can be seen that the soil texture of the study area is clay on the 

marl, on different bedrocks, is sometimes clayey loam and rarely sandy. All plants were generally distributed on soils that had 

high pH and lime levels. The soils were moderately and strongly alkaline (Table 4). The lime content in the soil is greater than 

25%, except for areas with chlorite-schist and claystone bedrock. The plants can be grown in soils with extremely high lime 

conditions. The quantity of organic matter, N, and P were found to be 0.27–5.88 %, 0.04–0.31 % and 5–70 ppm, respectively 

(Table 4). 

 
 

http://www.theplantlist.org/tpl1.1/record/kew-204997
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Table 4- The chemical properties of soils and soil texture 

 

Sampling 

location 
Lime_1 Lime_2 pH_1 pH_2 OM_1 OM_2 N_1 N_2 P_1 P_2 

Soil texture 

(0-10 cm) 

Soil texture 

(10-30 cm) 

1 42.43 46.89 7.84 7.84 3.58 2.10 0.25 0.16 20 12 Clayey Clayey 

2 35.04 38.75 7.86 8.02 3.26 1.54 0.23 0.12 19 10 Clayey Clayey 

3 6.08 2.12 8.44 8.55 0.43 0.27 0.05 0.04 10 7 Clayey Clayey 

4 39.52 32.18 8.34 8.32 1.99 1.52 0.13 0.13 12 10 Clayey Clayey 

5 39.97 47.54 8.37 8.54 1.68 0.91 0.13 0.08 11 9 C. loam Clayey 

6 25.16 22.71 8.42 8.56 1.23 0.76 0.10 0.06 11 9 Clayey Clayey 

7 25.21 15.07 8.48 8.55 0.96 0.97 0.07 0.05 10 9 Clayey Clayey 

8 50.11 51.55 8.17 8.24 1.99 2.06 0.13 0.14 13 13 Clayey Clayey 

9 65.76 88.72 8.41 8.57 3.25 1.90 0.20 0.11 16 12 C. loam C. loam 

10 79.32 87.83 8.89 9.05 1.38 0.70 0.09 0.06 9 7 Clayey Clayey 

11 75.22 81.37 8.74 8.83 2.76 1.78 0.15 0.09 19 14 Loamy Loamy 

12 79.24 90.77 8.59 9.05 1.70 0.80 0.10 0.05 11 7 Clayey Clayey 

13 63.58 65.59 8.48 8.83 2.22 1.30 0.13 0.07 14 9 Clayey Clayey 

14 78.69 78.15 8.66 8.43 0.62 0.47 0.04 0.04 7 5 Clayey Clayey 

15 31.40 47.67 8.51 8.50 2.72 1.07 0.13 0.06 22 11 Clayey Clayey 

16 32.22 46.76 8.18 8.48 4.19 1.52 0.18 0.08 24 12 Clayey Clayey 

17 65.37 74.83 8.38 8.83 2.27 0.89 0.14 0.07 18 7 Clayey Clayey 

18 6.32 13.62 8.13 8.32 3.25 0.83 0.19 0.08 20 9 Clayey Clayey 

19 78.83 84.32 8.81 9.01 0.98 0.93 0.06 0.05 9 9 Clayey Clayey 

20 49.40 51.25 8.54 8.46 3.47 3.49 0.20 0.20 20 19 Clayey Clayey 

21 34.93 43.44 8.31 8.28 5.77 2.73 0.25 0.16 32 18 C. loam C. loam 

22 59.65 71.35 8.29 8.44 2.22 1.00 0.15 0.08 15 10 Clayey Clayey 

23 50.68 55.65 8.47 8.45 2.06 0.90 0.09 0.06 13 10 Clayey Clayey 

24 27.73 27.11 8.72 8.42 1.91 0.81 0.14 0.08 15 10 Clayey Clayey 

25 12.87 4.44 8.67 8.64 0.64 0.41 0.07 0.05 12 8 Clayey Clayey 

26 79.47 86.79 8.62 8.87 1.10 0.55 0.08 0.05 14 8 Clayey Clayey 

27 49.63 68.04 8.31 8.32 3.92 2.72 0.30 0.19 19 16 C. loam Clayey 

28 31.19 38.36 7.75 7.96 4.81 3.76 0.31 0.25 21 16 C. loam Clayey 

29 34.17 30.88 7.94 8.18 2.54 5.88 0.16 0.31 19 70 C. loam S.C. loam 

30 90.18 90.33 8.78 8.79 0.44 0.44 0.04 0.03 8 8 Clayey Clayey 

31 74.38 72.12 8.53 8.65 1.32 0.68 0.09 0.05 8 7 Clayey Clayey 

32 35.35 37.24 8.42 8.43 0.66 0.65 0.07 0.06 9 8 Clayey Clayey 

33 33.06 35.29 8.39 8.41 1.87 1.20 0.12 0.09 11 8 Clayey Clayey 

34 51.43 40.24 8.38 8.11 2.50 1.74 0.16 0.13 16 9 Clayey Clayey 

35 8.53 34.58 8.28 8.18 3.85 2.78 0.28 0.16 18 11 Clayey Clayey 

36 69.69 60.89 8.65 8.67 0.46 0.47 0.04 0.04 6 5 Clayey Clayey 
 

1: 0-10 cm; 2: 10-30 cm; Lime (%); pH: Potential of Hydrogen; OM: Organic matter (%); N: Nitrogen (%); P: Phosphorus (ppm); C: Clayey; S: Sandy 

 

The statistical analysis revealed that N, P and soil organic matter were the significant environmental variables associated 

with the plant taxa (Table 5). There was no significant correlation between lime content at 0-10 cm soil depth, exposure, pH 

and plant species. J. oxycedrus and F. valesiaca were positively correlated with N, P and organic matter in soil (P˂0.05). 

Quercus pubescens preferred soil in which the phosphorus was higher. The positive variables were N and OM, and P at a depth 

of 10–30 cm for G. orientalis. While J. fruticans preferred steeper slopes, G. orientalis was located on the side with only a 

slight slope. Compared to the other species in this study, G. aucheri preferred relatively lower lime, P and OM. At depths of 0–

10 cm, C. phrygius presence was negatively correlated with N, P, and organic matter. R. thymifolia was negatively correlated 

with the amount of lime at 10–30 cm soil dept and elevation. Compared to other taxa, J. oxycedrus, G. orientalis and F. 

valesiaca preferred soils containing more organic matter, and J. oxycedrus, Q. pubescens, G. orientalis and F. valesiaca 

preferred soils containing higher P. No correlation was found between the remaining 7 taxa (P. nigra subsp. pallasiana, A. 

sibiricum, T. leucostomus, F. callieri, B. tomentellus, S. tchihatcheffii and B. crataegina) and their site factors. It can be said 

that ecological tolerance of these taxa is slightly wider considering the ecological conditions of the study area. 

 

Soil erosion control studies are very difficult to conduct in areas with high anthropogenic impact and extreme site 

conditions. Water deficiency is the most important factor affecting plant development in semiarid climates. The increase in 

rainfall and decrease in temperature that occurs with altitude increase in this region positively affects the water economy 

(Kahveci 1998; Güner et al. 2016). This elevation limit was determined to be 1000–1200 m in black pine plantations in the 

Central Anatolia region (Güner et al. 2016). The elevation of our study area is below 1150 m, and the summer season receives 

the least amount of precipitation in this region. For this reason, the summer season is quite dry in the region. Fifteen plant taxa 

in the study area have adapted to dry conditions and marly soils during the vegetation period when the water deficit reaches its 

maximum. 
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Table 5- Spearman’s correlations between plant taxa and environmental variables  

 

Species  N_1 N_2 Lime_2 P_1 P_2 OM_1 OM_2 Altitude Slope 

Junoxy 
rs 0.409* 0.385* 0.026 0.435** 0.429** 0.451** 0,408* -0.213 0.017 

p 0.013 0.020 0.883 0.008 0.009 0.006 0.013 0.213 0.921 

Quepub 
rs 0.225 0.188 -0.170 0.379* 0.354* 0.272 0.222 -0.082 0.259 

p 0.186 0.273 0.321 0.023 0.034 0.109 0.193 0.633 0.127 

Gloori 
rs 0.465** 0.416* 0.099 0.294 0.373* 0.406* 0.379* 0.038 -0.482** 

p 0.004 0.012 0.567 0.082 0.025 0.014 0.023 0.824 0.003 

Jasfru 
rs 0.105 0.105 0.030 0.102 0.078 0.078 0.030 -0.143 0.372* 

p 0.543 0.542 0.863 0.555 0.650 0.653 0.863 0.404 0.026 

Fesval 
rs 0.540** 0.425** -0.034 0.486** 0.254 0.573** 0.355* 0.170 -0.322 

p 0.001 0.010 0.844 0.003 0.134 0.000 0.034 0.321 0.056 

Genauc 
rs -0.337* -0.222 -0.334* -0.496** -0.361* -0.466** -0.371* 0.124 0.065 

p 0.044 0.193 0.047 0.002 0.031 0.004 0.026 0.472 0.707 

Conphr 
rs -0.350* -0.196 0.133 -0.415* -0.296 -0.361* -0.250 -0.275 0.292 

p 0.037 0.253 0.440 0.012 0.080 0.030 0.141 0.105 0.084 

Rhathy 
rs 0.260 0.301 0.353* 0.102 0.240 0.195 0.289 -0.471** 0.032 

p 0.126 0.074 0.035 0.554 0.159 0.254 0.088 0.004 0.852 
 

rs: Spearman correlation coefficient; p: Significance level; 1: 0-10 cm; 2: 10-30 cm; OM: Organic matter; N: Total nitrogen; P: Avaible phosphorus; significant 

at the level of *p<0.05; **p<0.01; Junoxy: Juniperus oxycedrus subsp. oxycedrus; Quepub: Quercus pubescens; Gloori: Globularia orientalis; Jasfru: 
Jasminum fruticans; Fesval: Festuca valesiaca; Genauc: Genista aucheri; Conphr: Convolvulus phrygius; Rhathy: Rhamnus thymifolia 

 

Much of the soils across the semiarid and arid forested regions of Türkiye commonly have high lime content (Çalışkan & 

Boydak 2017). In the study, the lime content in the soils was quite high, generally over 30%. Compared to other species, G. 

aucheri was found in the areas where the lime in the soil was lower. However, these taxa grow in soils where lime reaches 90%. 

The same results were also reported by Balpınar et al. (2019). The lime rate in the soil varied from 6.32% and 90.77%, (Table 4).  

 

The decrease in soil organic matter reduces soil fertility and increases erosion in some soils (McCauley et al. 2009). In 

vegetation recovery, the major variable is organic substances in the soil (Romero-Díaz et al. 2017). The amount of organic matter 

in the soil of the study area varied between 0.27% and 5.88% (Table 4). The study area is generally poor in terms of organic 

matter in the soil. The plant taxa in this research are tolerant of soils poor in organic matter. However, according to numerical 

analysis, some of the plant species in our study area, J. oxycedrus, G. orientalis and F. valesiaca prefer soils in which organic 

matter is slightly higher. These species are also tolerant of poor soils. 

 

Soil reaction (pH) strongly affects the chemical solubility and availability of essential plant nutrients (Çepel 1995; McCauley 

et al. 2009), and the greatest intake of plant nutrients is in the pH range of 6.5–7.5 (Güneş et al. 2007). According to the statistical 

analysis, no relationship was found between the soil pH and the plant species. The soil pH of the study area varied between 7.75 

and 9.05 (moderate to strongly alkaline) (Table 4). The soil reaction of all plant taxa was generally medium alkaline, with an 

average soil reaction of approximately 8.50. However, it was determined that all plant taxa grow in soil with a pH of 9 at a depth 

of 10-30 cm. The development of woody species has been observed to decrease slightly as the reaction in soil increased. 

 

Pinus nigra subsp. pallasiana showed deformed development (short form) in the study area. Although the study area soils 

were not shallow, it is possible to clearly see the lateral root system of P. nigra subsp. pallasiana. Similarly, Atalay & Efe (2012) 

stated that the lateral root systems developed well in hard and less weathered serpentines and marly deposits. This observation 

may be explained by the fact that the level of pH and lime in marl soils was slightly lower in the upper layers of the soil. 

 

It has been observed that the first colonised plants after land restoration and environmental degradation are herbaceous species 

(Cammeraat et al. 2005; Burylo et al. 2007). In marly soils, the most suitable plant forms in terms of soil reinforcement are shrubs 

and herbaceous species (Burylo et al. 2011). In a study conducted in soils developing on different bedrock, woody sub-shrub, 

root-sprouts and clonal species were identified as suitable forms for eroded lands (Guerrero‐Campo et al. 2008). Our study 

indicated that the identified fifteen taxa are clonal, bunch and woody species could retain their vitality in the driest conditions as 

well. In woody species, these taxa can be considered as having a significant role in preventing erosion in marly areas via their 

aboveground and underground organs. The grasses and shrubs with high root density have the highest potential to reduce soil 

erosion rates (De Baets et al. 2007). Grasses and shrubs show greater resistance to loss of the topsoil than tree seedlings. After the 

first growing season, the roots of tree seedlings can fix the upper layers of soil to the bedrock, and they can act as restraint piles 

firmly anchoring the root-permeated soil to the bedrock (Styzcen & Morgan 2005; Burylo et al. 2011). 

 

It is known that in the study region, with a decrease of soil depth in Pinus nigra subsp. pallasiana plantation areas, water 

and nutrient economy held in the soil are negatively affected (Güner et al. 2016). The eroded marly sites in this region have 

clay, alkaline and highly calcareous soils. Due to extreme conditions that limit plant growth in the marly areas, Pinus nigra 

subsp. pallasiana, Quercus pubescens and Juniperus oxycedrus subsp. oxycedrus do not grow normally, and therefore, grow to 

a shorter height than expected. Vegetation plays an essential role in the regulation of hydrological processes and soil 
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properties. Plant cover decreases the destructive forces of rainfall that cause soil erosion (Vásquez-Méndez et al. 2010). In our 

study, in the eroded marly areas where soil depth is sufficient, other plant forms should be considered in addition to tree 

species for revegetation. Clonal plant species are more advantageous than tree seedlings in highly eroded areas (Guerrero-

Campo et al. 2008) and seed germination is more limited in the badlands (Guàrdia et al. 2000). 

 

4. Conclusions 
 

The rate of regeneration is very low or insufficient in studies of marly soil revegetation. The first issue in revegetating marly 

soils is selecting which plant species must be used in developing vegetation. The second issue is determining which plant 

species are best for preventing erosion. In this study, the plant species that survived the drought phase and their ecological 

requirements were determined. The species utilised on degraded marly soils must be able to adapt to soils with high pH and 

lime in semiarid climatic conditions subject to drought. In the eroded marly areas, vegetation cover can be supported by 

planting seedlings of groundcover and woody species adapted to marly field conditions. The best plant species are those grown 

with the least loss in the redevelopment of vegetation and erosion in the marly areas. In areas with excessive erosion and, 

consequently, shallow soil, bunching and clonal plants, as well as chamaephytes, are preferable for the development of 

vegetation.  
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ABSTRACT 
The tomato (Solanum lycopersicum (Solanaceae)) is particularly 

susceptible to Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), a pest 

that directly and profoundly influences tomato yields. Consequently, the 

early detection of T. absoluta damage intensity on leaves using machine 

learning or artificial intelligence-based algorithms is crucial for effective 

pest control. In this ground-breaking study, the galleries generated by T. 

absoluta were examined via field images using the Decision Trees (DTs) 

algorithm, a machine learning method. The unique advantage of DTs over 

other algorithms is their inherent capacity to identify complex and vague 

shapes without the necessity of feature extraction, providing a more 

streamlined and effective approach. The DTs algorithm was meticulously 

trained using pixel values from the leaf images, leading to the 

classification of pixels within regions with and without galleries on the 

leaves. Accordingly, the gallery intensity was determined to be 9.09% and 

35.77% in the test pictures. The performance of the DTs algorithm, as 

evidenced by a high precision and an accuracy rate of 0.98 and 0.99 

respectively, testifies to its robust predictive and classification abilities. 

This pioneering study has far-reaching implications for the future of 

precision agriculture, potentially informing the development of advanced 

algorithms that can be integrated into autonomous vehicles. The 

integration of DTs in such applications, due to their unique ability to 

handle complex and indistinct shapes without the need for feature 

extraction, sets the stage for a new era of efficient and effective pest 

control strategies.   

 

Keywords: Convolutional neural networks, Decision trees, Image processing, Pest management, Precision agriculture

 

 

1. Introduction 
 

The tomato (Solanum lycopersicum) is a plant belonging to the Solanaceae family, and is widely cultivated worldwide due to its 

high nutritional value. Production is significantly increased, especially in countries such as China, India, Türkiye, Italy, the 

United States, and Spain. Therefore, economically, the products obtained from the tomato plant are precious, and minimizing 

product loss is a primary objective (Viggiani et al. 2009; González-Cabrera et al. 2011; Urbaneja et al. 2012; Veres et al. 2020). 

Invasive insect pests of crops cause considerable losses in agriculture (Veres et al. 2020). Tuta absoluta (Meyrick) (Lepidoptera: 

Gelechiidae), commonly called the tomato leaf miner (Lietti et al. 2005), is one of the most widely invasive pest species and has 

been recorded on every continent except Antarctica (Cely et al. 2010).  This pest is oligophagous but is best known for the 

damage it causes to tomatoes (Solanum lycopersicum (Solanaceae), where it can cause yield losses of up to 100% (Biondi et al. 

2018).  T. absoluta damages the leaves, buds, branches, and stems, but the most important damage is the galleries formed between 

the two epidermis tissues (Viggiani et al. 2009). Chemical control is the most common method to manage this pest. The harmful 

effects of pesticides on non-target organisms have been identified by studies conducted in recent years (Urbaneja et al. 2012; 

Erdoğan et al. 2023). This research addresses machine learning-based T. absoluta gallery density as an aid to early-stage pest 

control. Thus, pesticides may be applied to the right location instead of the whole plant and prevent excessive use of pesticides. 

Early detection plays an essential role in successful pest management (Li et al. 2021). For example, yellow sticky traps are used 

for early detection, but this requires a lot of labour and time in the need to count the pests over the traps (Aliakbarpour & Rawi 

2011). The increased use of technology in agriculture has provided new methods to acquire such data (Wolfert et al. 2017; 

Weersink et al. 2018; Şahin et al. 2023). In this context, the use of image processing techniques based on machine learning is an 

effective way to obtain agricultural data (Vibhute & Bodhe 2012; Singh et al. 2016). For instance, Ozguven & Adem (2019) 

employed deep learning algorithms to detect leaf spot disease in sugar beet with an accuracy rate of 95.48%. Similarly, Gerdan 

https://orcid.org/0000-0002-2121-3529
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et al. (2023) have achieved accuracy values of up to 99.82% by employing deep learning algorithms for the detection of certain 

diseases observed in tomato plants. 

 

The objective of this study was to calculate the damage intensity caused by T. absoluta on the tomato plant through image 

processing techniques based on machine learning. This is because training machine learning-based algorithms that allow data to 

be classified and described can provide faster, more accurate and real-time pest detection than human observation (Finger et al. 

2019). Allowing us to control pests at an early stage may also contribute to the development of algorithms that can be integrated 

into autonomous vehicles designed within the scope of precision agriculture. In summary, this study aims to provide a faster and 

more accurate solution for the early-stage detection of pests and prevention of excessive pesticide use by calculating the damage 

caused by Tuta absoluta using machine learning-based image processing techniques, specifically employing the Decision 

Trees (DTs) method. 

 

2. Material and Methods 
 

2.1. Image acquisition 

 

The study was carried out on tomato plants produced in the farmland of Bursa Uludağ University, Faculty of Agriculture (Figure 

1). Adults and larvae of T. absoluta were collected and identified using the morphological characters (size, scale pattern, shape, 

colour, etc.) determined by Nayana & Kalleshwaraswamy (2015). Images of T. absoluta larvae damage on leaves (galleries) 

were recorded using a Canon EOS 700D camera with a resolution of 5184 x 3456 pixels. A total of 1000 infested leaf pictures 

were taken in 1 week to train the DT algorithm. Pictures were taken about 40 cm from the leaf surface. 20% of the images were 

allocated for training the DTs algorithm and the rest for testing. 

 

 
 

Figure 1- A: Tomato cultivation area. B: The location of the cultivation area.  

Location: 40°13' 38.6'' N, 28° 51' 55.8 ''E, 50 m asl 

 

2.2. Classification by decision trees (DTs) 

 

DTs are a non-parametric supervised machine learning algorithm (Vishnoi et al. 2021). The Classification and Regression Tree 

(CART) decision tree algorithms that are commonly used for detecting plant pests and disease were utilized in this study (Bhatia 

et al. 2020; Daniya et al. 2020; Gallardo-Romero et al. 2023; Liu et al. 2023). The matric values of the soil, galleries, healthy 

leaves, stems, and weeds in the original images were recorded to detect gallery intensity by DTs (Figure 2). These matrix values 

are made up of square pixels (image elements) arranged in columns and rows. Each digital image may contain pixel colors of 

different intensities. The combination of red, green, and blue creates the perception of color.  
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Figure 2- Matrix values of the healthy leaf (A), gallery (B), stems (C), soil (D), and weeds (E) 

 

Matrix values were used to train and test the DTs. The classification was performed using the DTs algorithm and the precision 

and accuracy rate were calculated. The classification is started by creating a root node, after which the entropy value is calculated 

for all the data trained on the node (Adi et al. 2017; Liu et al. 2023). Galleries created by T. absoluta were visualized with a black 

tone in the test images, while a light grey tone was chosen for healthy leaf tissues. Grayscale values of the soil surface, weeds, 

healthy leaves, stems, and galleries from field pictures that are used for DTs training were set as in Table 1. 

 
Table 1- Grey colours in RGB 

 

Classifications R (Red) G (Green) B (Blue) 

Soil surface 90 90 90 

Weeds 120 120 120 

Stems 240 240 240 

Healthy leaves 180 180 180 

Galleries 0 0 0 

 

2.3. Working diagram of decision trees algorithm 

 

The process of using the Decision Trees (DTs) algorithm to classify matrix values in pictures of a tomato field infested by T. 

absoluta, to determine the intensity of damage caused by the pest, can be illustrated as follows: 

 

I. Collect a dataset of images from a tomato field infested by T. absoluta (Figure 3) 

II. Convert the images into matrix values representing the pixels in the image, including the values of the soil, galleries, healthy 

leaves, stems, and weeds. 

III. Use the matrix values to train a DTs algorithm, in which the algorithm learns to recognize patterns in the matrix values that 

correspond to the presence of galleries and healthy leaves in the images. The algorithm starts by using the matrix values of 

the soil, galleries, healthy leaves, stems, and weeds as input features. 

IV. The algorithm then builds a tree-like model by iteratively selecting the feature that best separates the data into different 

classes (in this case, the different matrix values of soil, galleries, healthy leaves, stems, and weeds) (Figure 4). 

V. At each node of the tree, the algorithm compares the matrix values of the input feature to a threshold value and makes a 

decision based on whether the values are greater or less than the threshold. This splits the data into two or more subsets, 

each represented by a child node. 
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VI. The process is repeated for each child node until a stopping criterion is met, such as reaching a maximum depth or a 

minimum number of samples in a node. 

VII. The resulting tree can be used to predict the class of new samples by traversing the tree from the root node to a leaf node. 

 

 

 
 

Figure 3- Collecting a dataset of images from a tomato field infested by T. absoluta. Regions with galleries are  

shown in a red circle 
 

In the context of detecting gallery areas, the algorithm would use the matrix values as input features and the pixel values as 

the output. The algorithm would then build a tree-like model that uses the matrix values to predict the pixel values. Once the 

gallery areas are identified, the algorithm calculates the number of pixels in those areas, which would give you the total area of 

the galleries in pixels.  

 

 
 

Figure 4- Selecting the feature that best separates the data into different classes 

 

2.4. Determination of gallery intensity 

 

T. absoluta damage intensity was determined using the DTs algorithm. The intensity was estimated by determining the pixel 

numbers of the areas with and without a gallery in the field images. It was calculated by the ratio of the total pigment number of 

the gallery-containing regions to the total pigment number of the healthy leaf regions (Goncalves et al. 2021). The intensity rate 

and precision are calculated by Equation (1) and Equation (2) respectively (G: Gallery area, H: healthy leaf area, I: Intensity rate 

(%), True Positive (TP): A True Positive is a correct identification of a positive instance in a classification task, where both the 
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actual and predicted classes are positive. False Positive (FP): A False Positive is an incorrect identification of a negative instance 

as positive, where the actual class is negative, but the predicted class is positive. 

 

𝐼 =  [
𝐺

𝐺+𝐻
× 100]                                                                                                                                    (1) 

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃+𝐹𝑃
                                                                                                                      (2) 

 

3. Results  
 

The matrix values of the soil, stems, weeds, galleries, and healthy leaves taken from the original images in the field were used 

in the training of DTs, which is a non-parametric supervised machine learning algorithm. During the training process, these 

matrix values are clustered to make comparisons on the X, Y, and Z axes using the K-Nearest Neighbor (K-Nn) method (Hamdini 

et al. 2021). Clustering is visualized on the X, Y, and Z-axis (Figure 5). 

 

 
 

Figure 5- Clustering of RGB matrix values of healthy leaf, gallery, stems, soil, and weeds as in the original images from the 

field along the X, Y and Z-axes 

 

The confusion matrix, representing the evaluation of a classification model on five distinct classes (galleries, weeds, stems, 

soil, and leaves), provides key insights into the model's performance. The galleries class is excellently classified with 282 577 

correct predictions, while the weeds class is highly accurate but misclassified in some instances as stems (215) and soil (2,151). 

The stems and soil classes exhibit confusion with 239 557 and 215 108 correct predictions, respectively, and the leaves class 

shows high accuracy with 343 798 correct predictions. Some misclassification is observed, notably between stems and soil. The 

aggregate precision across these classes is 97.5%, reflecting the model's overall accuracy and highlighting areas for potential 

refinement in training and feature engineering (Figure 6). 
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Figure 6- Confusion matrix of the classification model for the five classes (galleries, weeds, stems, soil, and leaves) 

 

The classification model was trained and evaluated using a diverse dataset encompassing distinct classes. The evaluation 

metrics, including training accuracy, test accuracy, precision, recall, and F1-Score (Table 2), provide an essential understanding 

of the model's capability in predicting the correct classes. These metrics collectively affirm the model's robustness and predictive 

accuracy, reflecting a harmonious balance between the true positives and the overall number of actual positives and predictions. 

In this investigation, a DTs was utilized to classify various elements within an image, and the computational aspects of the 

methodology were assessed. The training process of the model was completed in a time of 3.08288 minutes, aligning with the 

theoretical time complexity of 𝑂(𝑛 ⋅ 𝑚𝑙𝑜𝑔𝑚), where 𝑛 represents the number of samples and 𝑚 represents the number of 

features. The image prediction phase was executed in a remarkably brief span of 0.076231 seconds, corresponding to a time 

complexity of 𝑂(𝑝), with 𝑝  denoting the total number of pixels in the image. These findings underscore the efficiency of the 

approach, highlighting its potential for real-time applications in the domain of image-based object recognition and categorization 

(Table 2). 

 
Table 2- Evaluation metrics for the classification model, including training accuracy, test accuracy, precision,  

recall, and F1-Score 

 

Training Accuracy 99% 

Test Accuracy 98.7% 

Precision 98% 

Recall 97.54% 

F1-Score 97.50% 

Training Time for the Model 3.08288 minutes 

Time Required for Test Image-Based Prediction 0.076231 seconds 

Time Complexity for Prediction Based on Test Image 𝑂(𝑝) 

 

Figure 7. shows the pictures used as test data in the training of the DTs algorithm; In “B”, the grayscale of image “A”, the 

total pixel values of Galleries and healthy leaves are 12101 and 121007, respectively. The precision and accuracy rate were 

determined as 0.98 and 0.99, respectively. In “D”, the grayscale of image “C”, the total pixel values of galleries and healthy 

leaves are 29764 and 53454, respectively. The precision and accuracy rate was determined as 0.98 and 0.98, respectively. 

According to the test results based on gallery intensity, 9.09% of tomato leaves were infested by T. absoluta in “A” while 35.77% 

of tomato leaves were infested by T. absoluta in “C”.  
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Figure 7- The test image changes to grayscale by clustering matrix values of soil, galleries, weeds, stems and healthy leaves  

(I = Intensity rate of galleries) 

 

4. Discussion 
 

Artificial Intelligence algorithms, specifically those based on Convolutional Neural Networks (CNNs), have a demonstrable 

effectiveness in various studies for identifying invasive pests. These methodologies offer rapid and accurate detection of 

agricultural pests, often surpassing the accuracy and speed of human observation (Li et al. 2022). Such algorithms facilitate the 

categorization and identification of data gleaned from images (Wolfert et al. 2017, Yan et al. 2021; Kiobia et al. 2023). However, 

the effectiveness of CNN-based models may be impeded by non-distinct object shapes in the images used for training. This 

complication could necessitate a larger data set for training and extend the training process (He et al. 2016; Lin et al. 2023). For 

instance, pests like Cydia pomonella and Tuta absoluta cause damage on leaves and fruits that may lack a distinct and stable 

structure. However, machine learning models like DTs are capable of classifying and learning from all the pixels of objects in 

images, even if those objects lack a clear shape. This property suggests that DTs might be able to discern complex shapes more 

effectively (Pedregosa et al. 2011; Collado & Tumibay 2023; Lin et al. 2023). Consequently, this study opted to employ the 

Decision Trees model, a supervised learning algorithm, instead of CNN-based models. Drawing from the work of Goncalves et 

al. (2021), CNN-based algorithms have shown promising results in the segmentation of necrotic leaf lesions caused by several 

plant disease agents, such as Phakopsora pachyrhizi (Soybean rust: SBR), Pyrenophora tritici-repentis (wheat tan spot: WTS), 

and Leucoptera caffeina (the coffee leaf miner: CLM). In the 2021 study of Goncalves et al., images were manually annotated 

and divided into three classes: injured leaf, healthy leaf, and leaf background. When comparing the annotated severity with the 

estimates, the concordance coefficients were found to be greater than 0.96, 0.98, and 0.95 for SBR, WTS, and CLM, respectively, 

after the leaf background was manually removed. The present study, however, approached this task from a different perspective. 

Rather than manually removing the background, the background elements (soil and weeds) in the field images were incorporated 

into the training of a Decision Trees (DTs) algorithm. This machine learning approach was employed to identify the gallery 

intensities created by T. absoluta larvae. Significantly, the algorithm was capable of detecting gallery intensities of 9.09% and 

35.77% in the test images, eliminating the need for manual background removal. The precision was calculated as 0.98, indicating 

a high level of predictive accuracy. This suggests that machine learning models like DTs may offer a viable alternative to CNNs 

for pest detection, particularly in scenarios where manual background removal is impractical or undesirable. The relative 

strengths and weaknesses of these methods should be considered in future research and application in the field of precision 

agriculture. Diverse methodologies have been utilized in the context of image-based plant disease detection, as evinced by the 

studies conducted by Sabrol & Kumar (2016), Zou et al. (2021), and Sriwastwa et al. (2018). The approach taken by Sabrol & 
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Kumar (2016) enabled the determination of 78% of disease intensity in tomato plants using the Decision Trees (DTs) algorithm. 

The machine learning-based algorithm developed by Zou et al. (2021) facilitated the calculation of the wormhole areas ratio in 

broccoli seedling leaves, achieving a precision of 0.85 after manually separating the leaves from the background. Furthermore, 

Sriwastwa et al. (2018) deployed Otsu (1979) method’s, a technique for automatic image thresholding, to perform insect 

detection via color-based segmentation. In contrast to these studies, the research currently under consideration embodies several 

distinguishing aspects. Firstly, a markedly higher precision of 0.98 was achieved, indicative of a superior predictive capability 

when compared to the performance reported by Zou et al. (2021). Secondly, an important deviation from prior research lies in 

the strategy of directly introducing background features, such as soil and weeds, into the DTs algorithm, thereby eliminating the 

need for manual background removal. This streamlined approach offers potential advantages over the methodologies employed 

by Zou et al. (2021) and Sriwastwa et al. (2018), which required manual pre-processing. In conclusion, the potency and utility 

of AI algorithms, notably those leveraging CNNs and DTs, have been corroborated through their crucial role in identifying and 

categorizing invasive pests. However, while CNNs have shown potential in similar studies, their dependence on distinct shapes 

within images can sometimes introduce limitations. This research spotlights the capability of DTs to tackle complex shapes more 

efficiently, removing the necessity for manual background elimination - an aspect that often hinders CNNs. A noteworthy 

achievement of this research, in comparison to previous studies, is the attainment of an exceptional precision of 0.98, indicating 

high predictive accuracy. This enhancement is made possible through the direct incorporation of background elements into the 

DTs algorithm, thereby eliminating the requirement for manual pre-processing and potentially streamlining the pest detection 

process. The current investigation provides an innovative viewpoint on the application of machine learning in pest detection, 

setting the groundwork for subsequent research. It reemphasizes the significance of choosing the most suitable algorithm, one 

that aptly addresses the unique challenges and requisites of each distinct case. As this exploration of varied methodologies 

progresses, it is expected to catalyse advancements in precision agriculture, ultimately encouraging the development of improved 

pest detection and disease control strategies.  

 

5. Conclusions 
 

This study sought an innovative method to address the problem of invasive pest detection in agriculture. Utilizing DTs as a 

supervised learning algorithm, the study diverged from conventional CNN-based methodologies, recognizing their limitations 

in handling non-distinct object shapes. By incorporating background elements, such as soil and weeds, directly into the training 

of the DTs algorithm, the research achieved a remarkable precision of 0.98. This indicated a high predictive accuracy, surpassing 

prior studies and eliminating the requirement for manual background removal, a step often essential in CNNs. The study's 

approach offered not only a viable alternative to CNNs for pest detection but also heralded potential advancements in precision 

agriculture. Significantly, this work contributes to the broader academic discourse by presenting an innovative method that aptly 

tackles unique challenges in pest detection. The success in utilizing DTs to detect complex shapes efficiently reemphasizes the 

need to consider diverse methodologies in pest detection. It sets a solid foundation for further research to develop more effective 

pest detection and disease control strategies. 
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ABSTRACT 
The aim of this study is to evaluate changes in variance components for 

dairy cows under heat stress conditions using a random regression model. 

The daily milk yield and pedigree records used in the research were 

obtained from a dairy farm in Sanliurfa, Türkiye. The records were from 

Holstein dairy cows registered between 2017 and 2019 at the farm. A total 

of 690 lactations from 690 healthy dairy cows were used in the study and 

the total number of cow-days was 207,003. In order to evaluate heat stress 

on animals meteorological data were used and collected from a public 

weather station located 15.04 km away from the farm. In the study, 

variance components were separately estimated for the comfort period 

(CP) and the heat stress period (HSP) using a random regression test-day 

model and six-knot linear spline function was used. In the study, it was 

observed that heat stress resulted in an increase in additive genetic,  

 

permanent environmental, and consequently, phenotypic variance. 

During the lactation period, the average heritability was determined to be 

0.13±0.007 for CP, while it was found to be 0.18±0.010 for HSP. 

According to the findings obtained from the study, it was concluded that 

the time periods for selection should coincide with the peak milk yield 

under heat stress conditions, while for the period without heat stress, it 

should be around the 120th day of lactation. These results indicate that 

climatic factors such as temperature and humidity should be included in 

the models used for genetic parameter and breeding value estimation. 

Thus, it may be possible to identify dairy cattle that are genetically more 

tolerant to hot conditions. In this way, more successful outcomes can be 

achieved in selection studies.  

 

Keywords: Dairy cattle, Genetic analyses, Temperature-humidity index, Eigenfuction, Weather station 

 

 

1. Introduction 
 

It has been reported in many studies that heat stress negatively affects milk production and reproduction in dairy cattle (Bryant 

et al. 2007, Ravagnolo & Misztal 2002; Jordan 2003; Garcia-Ispierto et al. 2007; Polsky et al. 2017). Moreover, the adverse 

effects of global warming will only lead to more serious problems for dairy farmers.  

 

According to Ravagnolo et al. (2000), since daily yields are impacted by weather conditions and reflect the effect of 

temperature and humidity, meteorological data obtained from public weather stations contain useful information for studies on 

heat stress in dairy cattle. This means that when weather conditions, such as temperature and humidity, prior to the test days are 

recorded, the effect of heat stress on animals can be predicted. Similarly, Freitas et al. (2006) reported that public weather data 

are reliable sources of information, as they have been found to be consistent with on-farm weather measurements. Misztal (1999) 

suggested a method for examining the genetic basis of heat stress in dairy cows, which involved utilizing performance records 

and publicly available weather data. In this method, unlike heat stress studies that rely on body temperature or respiration 

information (Gonzalez-Rivas et al 2018; Osei-Amponsah 2020), individual animal measurements are not required, allowing for 

the use of large datasets required for genetic evaluation. There is a significant genetic component to heat tolerance in first-

lactation cows, particularly for milk, fat, and protein production, and the level of additive genetic variance at a high temperature-

humidity index (THI) was observed to be comparable to the additive variance observed under non-stressful conditions 

(Ravagnolo & Misztal 2000). In addition to this, Aguilar et al. (2009) reported a substantial increase in the additive genetic 

effects associated with heat stress and yield traits from the first to third parity. Furthermore, female calves of bulls that possessed 

high genetic merit for heat tolerance exhibited lower milk yields, higher milk solids contents, more robust body types, better 

udders, longer productive lives, and higher pregnancy rates in comparison to the female calves of bulls with low genetic merit 

for heat tolerance. The heat tolerance of dairy cattle can be impacted upon by intensive sire selection, especially in temperate 

climates. If there is a negative genetic correlation between production and heat tolerance, ongoing selection for production will 

lead to a gradual decline in heat tolerance (Ravagnolo & Misztal 2000). 
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Random regression models (RRM) are frequently employed for the analysis of longitudinal data in animal breeding 

(Schaeffer 2004). These models can incorporate various functions to capture the (co)variance structures across days in milk 

(DIM). One common approach is to use splines to model the (co)variances in test-day models (White et al. 1999; Druet et al. 

2003; Silvestre et al. 2005; Bohmanova et al. 2008). According to Misztal (2006), the numerical properties of linear splines are 

advantageous, and they exhibit localized effects, making them a favourable choice for modelling (co)variance structures in 

longitudinal data. Moreover, their ease of interpretability adds to their utility for data analysis. 

 

Sanliurfa province is situated in the Southeastern Anatolia Region of Türkiye and is recognized as one of the country's hottest 

provinces. The weather in this area is characterized by hot and dry conditions between July and October, with temperatures 

occasionally soaring to 46.8 °C. The region experiences an annual average of 459.3 mm of precipitation and a relative humidity 

of 51% (Anonymous 2023a). For this reason, milk production in Sanliurfa, especially in summer, is adversely affected due to 

heat stress. This raises the possibility that, in addition to milk yield losses, the impact of the important environmental factor of 

temperature and humidity could lead to errors in estimating breeding values. 

 

In previous studies on this region and nearby provinces (Yazgan 2017; Demir & Yazgan 2023) milk yield losses due to heat 

stress were detected, but no study was conducted on the effect of heat stress on variance components. The aim of this study is to 

evaluate changes in variance components for dairy cows under heat stress conditions using a random regression test-day model.

   

2. Material and Methods 
 

2.1. Data  

 

The daily milk yield and pedigree records used in the research were obtained from a dairy farm in Sanliurfa, affiliated with The 

General Directorate of Agricultural Enterprises (TIGEM), a public institution. The farm is located at 36°48’46” N latitude and 

39°51’57” E longitude, with the altitude of 408 meters. Records were from Holstein dairy cows registered between 2017 and 

2019 at the farm. The cows were housed in an open free-stall barn system, provided with ad libitum access to feed and water, 

and milked twice daily using an automated milking system that recorded their milk yield. In the dataset used for the study, each 

lactation record belongs to a different animal. There are no multiple lactation records for the same animal in the dataset. In other 

words, the number of lactations and the number of animals in the dataset are equal to each other. All lactation records were 

restricted to those between 5 and 305 DIM and number of minimum daily records for a lactation were 299. A total of 690 

lactations from healthy 690 dairy cows were used in the study. Among these lactations, 278, 130, 135, and 147 were the first,  

second, third, and fourth or higher lactations, respectively. In addition to this, the total number of cow-days was 207,003 (The 

number of daily milk yield records in total lactations). The milk production data and pedigree information are summarized in 

Tables 1 and 2. 

 
Table 1- Descriptive statistic of milk production data 

 
          Milk yield (kg) 

OLP N  n   𝑿̅ ± 𝑺𝒙̅ 

1 278  83 400  17.65 ± 0.015 

2 130  39 004  17.44 ± 0.022 

3 135  40 497  17.01 ± 0.024 

≥ 4 147  44 102  16.09 ± 0.025 

Total 690  207 003  17.15 ± 0.010 
 

OLP: Order of lactation parity (Each animal has only one lactation record), N: Number of lactations (at the same time, the number of animals), n: The number 

of daily milk yield records in lactations 

 
Table 2- Pedigree information of animals used in yield records 

 

Item          n 

The total number of animals in the pedigree file   1316 

Number of animals with milk yield records;   

 Animals  690 

 Sire  80 

 Dams  634 

 Animals with unknown sire  9 

 Animals with unknown dam  - 

  Animals with unknown parents   - 

 

The daily maximum, minimum, and average temperature and humidity data were collected from a public weather station in 

Sanliurfa, which is operated by the Turkish State Meteorological Service authorized by the Ministry of Environment, 

Urbanization, and Climate Change of the Republic of Türkiye. The location of the meteorological station is 36°50’26.2” N 

latitude and 40°01’50.5” E longitude, with an altitude of 363 meters. While the distance between the public weather station and 
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the farm was 15.04 km as a straight line (crow flies), the altitude difference between the farm and the public weather station was 

only 45 m. 

 

 
 

Figure 1- Three-year (2017-2019) average of THI values 

 

According to a previous study (Demir & Yazgan 2023), using the maximum temperature and minimum humidity in the THI 

formula better represents the stress conditions that animals are exposed to as a result of temperature and humidity in the hot-dry 

Southeastern Anatolia Region of Türkiye. Similarly, Ravagnolo et al. (2000) stated that the most crucial variables for measuring 

heat stress were the maximum daily air temperature and minimum daily humidity for calculation of THI. For this reason, in our 

study, the THI formula proposed by Ravagnolo et al. (2000) was used to determine heat stress, which includes maximum 

temperature and minimum humidity values (Eq. 1): 

 

THI=(1.8t + 32)-(0.55 - 0.0055×rh)(1.8t - 26.8)                                                                   (1) 

 

 Where; t is temperature in degrees Celsius and rh is relative humidity, expressed as a percentage. For this, heat stress in dairy 

cattle begins at a THI value of 72, which is equivalent to 22 °C at 100% humidity, 25 °C at 50% humidity, or 28 °C at 20% 

humidity. Figure 1 shows calculated THI values for each day of the year (averaged over 3 years) for the present data set. Each 

daily milk yield record was assigned the daily THI values of the previous days and put together with the daily milk production 

data. 

 

2.2. Models and statistical analyses 

 

The following model was used to calculate the least squares means for milk yield according to THI values (Eq. 2): 

 

Yijklmno=cy
i
+csj+cak+olp

l
+ dimm+thin+eijklmno                                             (2) 

 

Where; Yijklmno: least square mean of daily milk yield for calving year i, calving season j, calving age k, parity l, days in milk 

class m and THI class n, cy
i
: effect of calving year (i=2018, 2019 and 2020), csj:  effect of calving season (j=spring, summer, 

autumn and winter), cak: effect of calving age (k=1 for ≤ 24, k=2 for 25-30, k=3 for 31-36, k=4 for 37-42, k=5 for 43-48, k=6 

for 49-54, k=7 for 55-60, k=8 for 61-66, k=9 for 67-72, k=10 for 73-78 and k=11 for ≥ 79 month), olp
l
:  effect of order of 

lactation parity (Each animal has only one lactation record and l=1, 2, 3 and ≥4), 𝑑𝑖𝑚𝑚: effect of days in milk class (m=1 for 

≤60, m=2 for 61-120, m=3 for 121-180 and m=4 for 180-305 days), 𝑡ℎ𝑖𝑛: effect of temperature humidity index (n=48, 49, 50, 

51, 52, … and 95) and eijklmno: random residual effect. 

 

Following this stage, the dataset used in the study was divided into two parts based on the THI=77 values (The point where 

milk yield starts to decline continuously), including the period before the onset of heat stress, which is referred to as the comfort 

period (CP), and the term covering the heat stress period (HSP). In this case, the number of daily milk yield records for CP and 

HSP was 123,291 and 83,712, respectively. These data sets were analyzed with the RRM (Random Regression Model) for two 

thermal period (CP and HSP), and the six-knot linear spline function was used in the model. Linear spline parameters are 

calculated between 2 knots adjacent to the milk yield record and take the value 0 among all other knots. If T is a knot vector, the 

parameters of the line constructed for the milk yield record at time t between knots T i and Ti+1 can be calculated as given in Eq. 

3 and 4 (Bohmanova et al. 2008): 

 

Zi(t)=
t-Ti

Ti+1-Ti
                                                       (3) 
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Zi+1(t)=
Ti+1 -t

Ti+1-Ti
=1-Zi(t)                                                                    (4) 

 

However, the parameter value for yield records at the ith knot is set to Zi=1 and 𝑍1… 𝑖−1,𝑖+1 … 𝑞 = 0. For example, in an instance 

with six knot points, there are at least two non-zero parameter values and their sum is always equal to 1. In this study knot points 

were selected at the 5th, 65th, 125th, 185th, 245th and 305th days of a 305-day lactation period based on milk yields, the vector 

containing the function parameters that for instance include the milk yield record at t=36 calculated as follows (Bohmanova et 

al. 2008): 

 

𝑍(36)= {
36-5

65-5
,
65-36

65-5
,0, 0, 0} ={0.5166, 0.4833, 0, 0,0} 

 

As seen above, the sum of parameter values is equal to 1. In addition to this, the following RRM model (Eq. 5) is provided 

for estimating daily additive genetic, permanent environmental, and error variances for CP and HSP in the study: 

 

Ytijklmnr=cy
i
+csj+cak+olp

l
+ dimm+ ∑ br

6

r=1

∅ntr+ ∑ anr

6

r=1

∅ntr+ ∑ pe
nr

6

r=1

∅ntr+ etijklmnr                                                                          (5) 

 

Where; Ytijklmnr : milk yield record of cow n recorded on t within subclass calving year i, calving season j, calving age k, 

parity l, days in milk class m, br: fixed regression coefficients, anr and pe
nr

: rth (In this study, since a six-knot linear spline 

function was used, six random regression coefficients for additive genetic effect and six random regression coefficients for 

permanent environmental effect were calculated for each animal.)  random regression for animal and permanent environment 

effects, respectively, for animal n: ∅ntr is the is the vector of the rth spline function for the daily record of cow n recorded on day 

t, etijklmnr : random residual (which was heterogeneous in this study) was calculated separately for the intervals of 5, 6-30, 31-60, 

61-90, 91-120, 121-180, 181-210, 211-240, 241-270, and 271-305 days. In matrix notation, the model (Eq. 5) can be written as 

below (Eq.6): 

 

𝑦 = 𝑿𝑏 + 𝒁𝑎 + 𝑾𝑝𝑒 + 𝑒                                                        (6) 

 

Where; y, vector of observations (records) and b, a, pe and e:  vectors of fixed, additive genetic, permanent environmental 

and random residual effects, respectively. X, Z and W are incidence matrices which relate records to effects. 

 

𝑣ar |

a

pe

e

| ≅ [

G⨂A 0 0

0 Iσpe
2 0

0 0 R

]                                                   (7) 

 

The (co)variance matrices for the additive genetic and permanent environmental random regression coefficients, denoted as 

G and P, respectively (Eq. 7), are both 6×6 matrices (⨂ is the Kronecker product). Additionally, A represents the additive genetic 

relationship matrix, while I denotes the identity matrix and 𝑹=Iσe
2. In addition, heritability (h2) estimates were calculated based 

on the formula given in Eq. 8. 

 

h
2 =

σa
2

σa
2 + σpe

2  + σe
2                                                                   (8) 

 

Where; σa
2, σpe

2  and  σe
2 are additive genetic, permanent environmental and random residual variances respectively. The 

following equation (Eq.9) was used in order to obtain eigenfunctions: 

 

𝑓𝑖 = 𝑬 × 𝑺                                                      (9) 

 

Where; 𝑓𝑖  represents the vector containing the values of ith eigenfuctions, E is the matrix consisting of 6×6 eigenvector values 

obtained from the covariance matrix, and S is the 301 × 6 matrix containing the parameters of the linear spline function with six 

knots. In this study, to obtain least squares means using Eq. 2, SAS (2000) software was used, and for random regression analyses 

represented by Eq. 5 and to obtain eigenvectors of covariance matrix, WOMBAT software (Meyer 2007; Anonymous 2023b) 

was used. 

 

3. Results and Discussion 
 

3.1. Milk yield levels for THI values 

 

The analysis conducted using the model given in Eq. 2 in the study found that the effect of all environmental factors was  
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significant (P<0.01). The coefficient of determination (R2) for the model was determined to be 0.4786, and the mean square error 

was 12.460. R2 value, revealed that the model, which includes weather variables, explained almost half of the yield variation. 

Ravagnolo et al. (2000) indicated that while the moisture content in the air remained constant, the lowest humidity occurred 

when the temperature was at its highest. This corresponds with the findings of this study. In addition, the calculated R2 value in 

this study is found to be higher than the values reported by Ravagnolo et al. (2000), West et al. (2003), and Freitas et al. (2006), 

while being very close to the values reported by Dikmen & Hansen (2009), Yazgan (2017), and Demir & Yazgan (2023). 

 

 
 

Figure 2 - Least square means of milk yields by THI values. Dashed vertical lines show the critical THI value (72). The blue 

area represents the comfort period (CP), while the red area indicates the heat stress period (HSP), during which 

milk yield starts to decrease continuously 
 

Figure 2 illustrates the alteration of the least square means of milk yield based on THI values. THI values ranging from 48 

to 95 were calculated by taking into account the daily maximum temperature and minimum humidity values. The threshold THI 

value at which the milk yield started to decrease continuously was identified as 77, which was 5 units higher than the critical 

value (THI=72). In the previous study (Demir & Yazgan 2023), the point at which milk yield began to continuously decrease 

was determined to be 69, which was below the critical value (THI=72) identified in this study. The lower average milk yield of 

the farm where the data was obtained in this study (17.15±0.01) compared to the farm where the datasets used in the previous 

study (Demir & Yazgan 2023) were obtained (28.96±8.89) may have caused this. This difference could potentially be attributed 

to the greater effect on high milk-yielding cows because high milk production requires more metabolic activity and leads to an 

increase in body temperature (Kadzere et al. 2002; Das et al. 2016). In addition, as the THI values ranged from 48 to 77, the milk 

yield remained relatively stable. However, beyond this point, it began to decrease rapidly, reaching a minimum at THI=92. At 

THI=77, the milk yield was 18.23±0.07 kg, but when THI increased to 92, it decreased to 17.14±0.295 kg, representing a 

difference of 1.09 kg. According to these findings, the period from the starting THI value (48) in Figure 2 to the vertical line 

(77) and the blue area shown can be considered as the comfort period (CP), while the period after the vertical line and shown in 

red represents the heat stress period (HSP). Additionally, as can be observed from Figure 2, minor fluctuations in milk yield are 

observed during the CP. The fluctuations observed during the CP period may be attributed to the utilization of fans, shading, and 

sprinkler equipment, which may reduce the heat stress at higher temperatures. This can cause the THI to exhibit not only a linear 

but also a zigzag pattern, as shown in Figure 2. 

 

3.2. Variance components and heritability values for CP and HSP 

 

The daily estimated additive genetic, permanent environmental, random residual error and phenotypic variances for CP and HSP 

are shown in Figure 3. According to this, all variance components except for random residual variance exhibited a fluctuating 

trend throughout lactation for both CP and HSP. The highest error variance values for both CP and HSP were determined to be 

1.5284 kg2 and 1.5228 kg2, respectively, between the 30th and 60th days. Afterwards, from day 121 until the end of lactation, the 

random error variance values for both CP and HSP tended to be close to each other and remained constant, and did not exceed 

the value of 0.35 kg2 for either. When examining the daily changes of the additive genetic variance during lactation for both 

thermal periods (CP and HSP), intervals were observed where one was higher or lower than the other (Figure 3). Additive genetic 

variance values for HSP reached their highest value on the 66st day of lactation (8.57 kg2). In contrast, the highest estimated 

additive genetic variance value for CP was reached on the 125st day of lactation and was only predicted as 3.06 kg2. In other 

words, additive genetic variance increased during the heat stress period, which is consistent with the findings of Armstrong 

(1994), Ravagnolo & Misztal (2000), Aguilar et al. (2009) and Bernabucci et al. (2014).  
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Figure 3 - The daily estimated additive genetic, permanent environmental, random residual error, and phenotypic variances 

for CP (      ) and HSP (      ) 

 

 
 

Figure 4- Lactation curve plotted from 207 003 daily milk yield records used in the study 

 

As shown in Figure 3, the highest additive genetic variance value (8.57 kg2) for HSP was obtained on the 66th day of lactation 

under heat stress conditions, whereas the value for CP was only 1.56 kg2 on the same day. As can be observed from the lactation 

curve given in Figure 4, the highest additive genetic variance was obtained during the peak milk yield period. The difference in 

milk yield between genetically tolerant and sensitive cows to heat stress may have become more pronounced during this period, 

and this could have led to an increase in the additive genetic variance. The fact that the difference in additive genetic variance 

between CP and HSP during the lactation period is not as high as around the 66th day at any other period further confirms this 

result.  

 

As can be observed from Figure 3, the highest permanent environment variance value (18.39 kg2) for HSP was obtained on 

the 121th day of lactation under heat stress conditions, whereas the value for CP was only 9.75 kg2 on the same day. While 

permanent environment variance values for HSP reached their highest value on the 121st day of lactation, the highest estimated 

permanent environment variance value for CP was reached on the 61st day of lactation and was only predicted as 10.86 kg2. The 

estimated permanent environmental variance for HSP was found to be consistently higher than the permanent environmental 
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variance estimated for CP throughout much of the lactation period. This suggests that, similar to additive genetic variance, 

permanent environmental variance also increases under heat stress conditions. These results are consistent with the findings of 

Ravagnolo & Misztal (2000) and Aguilar et al. (2009). 

 

As previously stated, the permanent environmental variance for HSP reached its highest value on day 121th, which coincided 

with the end of the calving-to-conception interval (days open) at the farm where the study was conducted. Towards the end of 

this period, estrus continues in cows, and sudden drops in milk yield are observed (Rearte et al. 2018). In this case, the negative 

effect of heat stress may have also contributed to the increase in permanent environmental variance, in addition to the decrease 

in milk yield caused by estrus. This is because, as can be observed from Figure 3, on the days when the permanent environmental 

variance for HSP reached its highest value, the estimated permanent environmental variance for CP was only 9.75 kg2 as 

previously mentioned. Abeni et al. (2007) demonstrated that the alterations in blood parameters associated with energy balance 

and enzyme activity during heat stress were most pronounced in cows in midlactation. Additionally, Perera et al. (1986) reported 

that the negative impact of summer heat stress on milk yield in cows was most significant during midlactation. These factors 

could provide another reason for why the permanent environmental variance increases towards the midlactation period during 

the heat stress period. Also, shown in Figure 3, on the days when permanent environment variance was highest, phenotypic 

variance also reached its highest value (19.88 kg2). Additionally, phenotypic variance is higher for HSP compared to CP, except 

for short periods that cover the beginning and end of lactation for HSP. 

 

 
 

Figure 5 - The daily estimated heritability values for CP and HSP 

 

Daily changes in the heritability estimates are presented in Figure 5. When considering changes in heritability in thermal 

zones, both CP and HSP exhibit fluctuating values. The daily course of heritability values for both HP and CP showed a 

significant similarity with the course of additive genetic variance values as expected (Figure 3 and 5).  The heritability of HSP 

was found to increase above 50% on the 66th day in accordance with the trend of the additive genetic variance, with an average 

of 0.18±0.010 throughout lactation. On the other hand, the average heritability estimate for CP was calculated as 0.13±0.007. 

However, the highest heritability for CP was reached around the 120th day (0.23). In other words, the highest heritability for CP 

was reached on the days when both permanent environmental variance and phenotypic variance were at their highest. On the 

other hand, Aguilar et al. (2009) reported that as THI values increased from 72 to 82, the heritability ranged from 0.10 to 0.24, 

which is slightly broader than the range observed in this study. Similarly, Ravagnolo & Misztal (2000) estimated heritability 

values between 0.16 and 0.21 when THI values ranged from 72 to 85. In our research, since multiple lactation records were not 

available for each animal, it was not possible to estimate how much the variance components changed by lactation order. This 

difference may explain the variation between the studies. Other factors that could contribute to the inconsistency include the use 

of daily milk yield records in this study versus monthly test-day milk yield records in the mentioned studies, as well as potential 

variations in the number of knots used in the linear spline models, differences in cooling applications such as fans and water 

spraying and other metrological factors.  

 

3.3. Eigenfunctions for CP and HSP 

 

Eigenfunctions, derived from the eigenvectors of the genetic (co)variance matrix (Kirkpatrick et al. 1990), can offer a perspective 

on the impacts of selection throughout the lactation period. Eigenvalues with their relative proportions (%) of coefficient matrix 

of the additive genetic covariance functions for CP and HSP are presented in Table 3. For CP and HSP, the first eigenvalues of 

the coefficient matrices of the additive genetic covariance functions accounted for approximately 63.76% and 69.93% of the 

total eigenvalues, respectively, in the six-knot linear spline model. The fourth, fifth, and sixth values can be neglected in contrast 

to the first three, which have negligible proportions of the total eigenvalues related to the variation in additive genetic variance. 

The eigenfunctions of the additive genetic coefficient matrix of the covariance functions for both CP and HSP in the six-knot 

linear spline model were plotted in Figures 6 and 7. Considering CP, the first eigenvalue of the coefficient matrix of the additive 
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genetic covariance function accounted for approximately 63.76% of the total eigenvalues. The large first eigenvalue implies that 

selecting based on the first eigenfunctions will lead to rapid changes in the lactation curve. This suggests that genetic selection 

for the 121st day would be successful. As previously mentioned, for CP, this period corresponds to the end of the estrous cycle, 

and it is the point where the eigenfunctions reaches its highest value, similar to the case of permanent environmental variance 

(Figure 3 and 6). However, when considering HSP, the first eigenvalue of the coefficient matrix of the additive genetic covariance 

function accounted for approximately 63.76% of the total eigenvalues. Similarly, the large first eigenvalue suggests that selection 

based on the first eigenfunctions will result in rapid changes in the lactation curve. Additionally, for HSP, the eigenfunctions 

value reaches its highest point on the 60th day. This implies that genetic selection around the 60th day would be successful. As 

discussed previously, it was the period around the 60th day when the peak milk yield is achieved, and for HSP, it coincides with 

the time when both the genetic variance and heritability were at their highest. 

 
Table 3- Eigenvalues and their relative proportions (%) in the coefficient matrix of additive genetic covariances 

 for CP and HSP. 

 

  Order of eigenvalues 

Thermal 

period 
 1. 2. 3. 4. 5. 6. 

CP 
Eigenvalue 5.61 2.02 1.14 0.02 0.00 0.00 

(%) 63.76 23.03 12.93 0.27 0.02 0.01 

HSP 
Eigenvalue 13.08 4.66 0.77 0.20 0.00 0.00 

(%) 69.93 24.89 4.10 1.06 0.01 0.00 

 

 

 
Figure 6- First three eigenfunctions (EF) of the random regression genetic covariance matrix of lactation for CP 
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Figure 7- First three eigenfunctions (EF) of the random regression genetic covariance matrix of lactation for HSP. 

 

In this study, due to the unavailability of multiple lactation records for each animal, the relationship between the lactation 

order and heat stress could not be examined. Similarly, the relatively low number of dairy cows with multiple offspring prevented 

the inclusion of maternal effects in the model. In the future, as global warming's negative effects on dairy animals' yields are 

expected to increase, the selection of genetically heat-tolerant dairy cattle may require the use of more complex models. It can 

be said that similar studies should continue using more complex models that include multiple genetic effects (such as direct and 

maternal genetic effects, genetic groups, etc.) with larger datasets containing more lactation records. 

 

4. Conclusions 
 

This study demonstrated the impact of heat stress specifically on additive genetic variance and permanent environmental variance 

as it differs from other studies by using daily milk yield records for estimating variance components. Heat stress resulted in an 

increase in additive genetic, permanent environmental, and consequently, phenotypic variance in this research. Although 

variance ratios may vary depending on the herd and region, it does not change the fact that heat stress will affect genetic 

parameters. According to the findings obtained from the research, it has been concluded that the time periods for selection should 

coincide with the period when peak milk yield is achieved under heat stress conditions, whereas for the period without heat 

stress, it should be around the 120th day of lactation. These results indicate that climatic factors such as temperature and humidity 

should be included in the models used for genetic parameter and breeding value estimation. Thus, it may be possible to identify 

dairy cattle that are genetically more tolerant to hot conditions. In this way, more successful outcomes can be achieved in 

selection studies. Additionally, similar studies should be replicated in hot-dry regions with different dairy cattle breeds and larger 

herds to obtain data that can further validate the findings of this study. 

 

Acknowledgments 
 

This study has been conducted as a summary of the first author's PhD study. Additionally, we would like to express our gratitude 

to the authorities of TIGEM-Ceylanpinar Agricultural Enterprise Directorate for their contributions in providing the necessary 

data for the realization of this study. 

 

References  
 
Anonymous (2023a). https://www.mgm.gov.tr/eng/forecast-cities.aspx?m=SANLIURFA   Access date: 08.05.2023 

Anonymous (2023b). http://didgeridoo.une.edu.au/km/wombat.php  Access date:  12.02.2023 

Abeni F, Calamari L & Stefanini L (2007). Metabolic conditions of lactating Friesian cows during the hot season in the Po valley. 1. Blood 

indicators of heat stress. International Journal of Biometeorology 52(2):87-96. https://doi.org/10.1007/s00484-007-0098-3  

Aguilar I, Misztal I & Tsuruta S (2009). Genetic components of heat stress for dairy cattle with multiple lactations. Journal of Dairy Science. 

92: 5702–5711. https://doi.org/10.3168/jds.2008-1928  

Armstrong D V (1994). Heat stress interaction with shade and cooling. Journal of Dairy Science 77: 2044–2050. 

https://doi.org/10.3168/jds.S0022-0302(94)77149-6     

Bernabucci U, Biffani S, Buggiotti L, Vitali A, Lacetera N & Nardone A (2014) The effects of heat stress in Italian Holstein dairy cattle. 

Journal of Dairy Science 97(1):471-86.  https://doi.org/10.3168/jds.2013-6611  

https://www.mgm.gov.tr/eng/forecast-cities.aspx?m=SANLIURFA
http://didgeridoo.une.edu.au/km/wombat.php
https://doi.org/10.1007/s00484-007-0098-3
https://doi.org/10.3168/jds.2008-1928
https://doi.org/10.3168/jds.S0022-0302(94)77149-6
https://doi.org/10.3168/jds.2013-6611


Pınarbaşı & Yazgan - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2024, 30(1): 108-117 

           117 
 

Bohmanova J, Miglior F, Jamrozik J, Misztal I  & Sullivan P G (2008). Comparison of random regression models with legendre polynomials 

and linear splines for production traits and somatic cell score of Canadian Holstein cows. Journal of Dairy Science 91: 3627–3638 

https://doi.org/10.3168/jds.2007-0945  

Bryant J R, Lopez-Villalobos N, Pryce J E, Holmes C W, Johnson D L  & Garrick D J (2007). Environmental sensitivity in New Zealand dairy 

cattle. Journal of Dairy Science 90: 1538–1547. https://doi.org/10.3168/jds.S0022-0302(07)71639-9 

Das R, Sailo L, Verma N, Bharti P, Saikia, J & Kumar R (2016). Impact of heat stress on health and performance of dairy animals: A review. 

Veterinary World 9(3): 260-268.  https://doi.org/10.14202/vetworld.2016.260-268  

Demir O & Yazgan K (2023). Effects of air temperature and relative humidity on milk yield of Holstein dairy cattle raised in hot-dry 

Southeastern Anatolia Region of Türkiye.  Journal of Agricultural Sciences 29(2): 710-720. https://doi.org/10.15832/ankutbd.1159540  

Dikmen S & Hansen P J (2009). Is the temperature-humidity index best indicator of heat stress in lactating dairy cows in a subtropical 

environment? Journal of Dairy Science 92(1): 109-116. https://doi.org/10.3168/jds.2008-1370  

Druet T, Jaffrézic F, Boichard D & Ducrocq V (2003). Modeling lactation curves and estimation of genetic parameters for first lactation test-

day records of French Holstein cows. Journal of Dairy Science 86: 2480–2490. https://doi.org/10.3168/jds.S0022-0302(03)73842-9  

Freitas M S, Misztal I, Bohmanova J & West J (2006). Utility of on- and off-farm weather records for studies in genetics of heat tolerance. 

Livestock Science 105: 223–228. https://doi.org/10.1016/j.livsci.2006.06.011  

Garcia-Ispierto I, Lopez-Gatius F, Bech-Sabat G, Santolaria P, Yaniz J L, Nogareda C, De Rensis F & Lopez-Bejar M (2007). Climate factors 

affecting conception rate of high producing dairy cows in northeastern Spain. Theriogenology 67: 1379–1385. 

https://doi.org/10.1016/j.theriogenology.2007.02.009   

Gonzalez-Rivas P A, Sullivan M, Cottrell J J, Leury B J, Gaughan J B  &  Dunshea  F R (2018). Effect of feeding slowly fermentable grains 

on productive variables and amelioration of heat stress in lactating dairy cows in a sub-tropical summer. Tropical Animal Health and 

Production 50: 1763–1769. https://doi.org/10.1007/s11250-018-1616-5  

Jordan E R (2003). Effects of heat stress on reproduction. Journal of Dairy Science 86 (E Suppl.):E104–E114. 

https://doi.org/10.3168/jds.S0022-0302(03)74043-0  

Kadzere C T, Murphy M R, Silanikove N & Maltz E (2002). Heat stress in lactating dairy cows: a review. Livestock Production Science 77(1): 

59-91. https://doi.org/10.1016/S0301-6226(01)00330-X   

Kirkpatrick M, Lofsvold D & Bulmer M (1990). Analysis of the inheritance, selection and evolution of growth trajectories. Genetics 124: 979–

993. https://doi.org/10.1093/genetics/124.4.979  

Meyer (2007). WOMBAT—A tool for mixed model analyses in quantitative genetics by restricted maximum likelihood (REML). Journal of 

Zhejiang University Science B 8(11): 815-821. https://doi.org/10.1631/jzus.2007.B0815  

Misztal I (1999). Model to study genetic component of heat stress in dairy cattle using national data. Journal of Dairy Science 82(Suppl. 

1):32.(Abstr.).(Cited by: Aguilar I, Misztal I  & Tsuruta S (2009). Genetic components of heat stress for dairy cattle with multiple lactations. 

Journal of Dairy Science. 92: 5702–5711. https://doi.org/10.3168/jds.2008-1928 ) 

Misztal I (2006). Properties of random regression models using linear splines. Journal Animal Breeding and Genetic 123: 74–80. 

https://doi.org/10.1111/j.1439-0388.2006.00582.x   

Osei-Amponsah R, Dunshea F R,  Leury  B J, Cheng L, Cullen B, Joy A, Abhijith A, Zhang M H  & Chauhan S S (2020). Heat Stress Impacts 

on lactating cows grazing Australian summer pastures on an automatic robotic dairy. Animals 10(5): 869. 

https://doi.org/10.3390/ani10050869  

Perera KS, Gwazdauskas FC, Pearson RE, Brumback TB (1986). Effect of Season and Stage of Lactation on Performance of Holsteins. Journal 

of Dairy Science 69 (1): 228-236. https://doi.org/10.3168/jds.S0022-0302(86)80390-3  

Polsky L, Marina A G & Keyserlingk V (2017). Invited review: Effects of heat stress on dairy cattle welfare. Journal of Dairy Science 100: 

8645-8657 https://doi.org/10.3168/jds.2017-12651  

Ravagnolo O & Misztal I (2000). Genetic component of heat stress in dairy cattle, parameter estimation. Journal of Dairy Science 83: 2126–

2130. https://doi.org/10.3168/jds.S0022-0302(00)75095-8  

Ravagnolo O, Misztal I & Hoogenboom G (2000). Genetic component of heat stress in dairy cattle, development of heat index function. 

Journal of Dairy Science 83(9): 2126–2130. https://doi.org/10.3168/jds.s0022-0302(00)75094-6  

Ravagnolo O & Misztal I (2002). Effect of heat stress on nonreturn rate in Holsteins: Fixed-model analyses. Journal of Dairy Science 85: 

3101–3106. https://doi.org/10.3168/jds.S0022-0302(02)74397-X  

Rearte R, LeBlanc S J, Corva S G, De Da Sota R L, Lacau-Mengido I M & Giuliodori M J (2018). Effect of milk production on reproductive 

performance in dairy herds. Journal of Dairy Science 101(8): 7575-7584. https://doi.org/10.3168/jds.2017-13796  

SAS institute Inc. (2000). SAS User’s guide statistics, version ed. SAS Institute, Gary. N.C. http://www2.sas.com/pdfs/s2k/v1_psm.pdf  

Schaeffer L R (2004). Application of random regression models in animal breeding. Livestock Production Science 86: 35–45. 

https://doi.org/10.1016/S0301-6226(03)00151-9  

Silvestre A M, Petim-Batista F & Colaco J (2005). Genetic parameter estimates of Portuguese dairy cows for milk, fat, and protein using a 

spline test-day model.  Journal of Dairy Science 88: 1225–1230. https://doi.org/10.3168/jds.S0022-0302(05)72789-2  

West J W, Mullinix B G & Bernard J K (2003). Effects of hot, humid weather on milk temperature, dry matter intake and milk yield of lactating 

dairy cows. Journal of Dairy Science 86(1): 232-242. https://doi.org/10.3168/jds.s0022-0302(03)73602-9  

White I M S, Thompson R & Brotherstone S (1999). Genetic and environmental smoothing of lactation curves with cubic splines.  Journal of 

Dairy Science 82: 632–638. https://doi.org/10.3168/jds.S0022-0302(99)75277-X  

Yazgan K (2017). Determining heat stress effect in Holstein dairy cattle using daily milk yield and meteorological data obtained from public 

weather station in Sanliurfa province of Turkey. Indian Journal of Animal Research 51(6): 1002-1011. 

https://doi.org/10.18805/ijar.v0i0f.3806  

 
 

 

Copyright ©️ 2024 The Author(s). This is an open-access article published by Faculty of Agriculture, Ankara 

University under the terms of the Creative Commons Attribution License which permits unrestricted use, distribution, 

and reproduction in any medium or format, provided the original work is properly cited. 

 

https://doi.org/10.3168/jds.2007-0945
https://doi.org/10.3168/jds.S0022-0302(07)71639-9
https://doi.org/10.14202/vetworld.2016.260-268
https://doi.org/10.15832/ankutbd.1159540
https://doi.org/10.3168/jds.2008-1370
https://doi.org/10.3168/jds.S0022-0302(03)73842-9
https://doi.org/10.1016/j.livsci.2006.06.011
https://doi.org/10.1016/j.theriogenology.2007.02.009
https://doi.org/10.1007/s11250-018-1616-5
https://doi.org/10.3168/jds.S0022-0302(03)74043-0
https://doi.org/10.1016/S0301-6226(01)00330-X
https://doi.org/10.1093/genetics/124.4.979
https://doi.org/10.1631/jzus.2007.B0815
https://doi.org/10.3168/jds.2008-1928
https://doi.org/10.1111/j.1439-0388.2006.00582.x
https://doi.org/10.3390/ani10050869
https://doi.org/10.3168/jds.S0022-0302(86)80390-3
https://doi.org/10.3168/jds.2017-12651
https://doi.org/10.3168/jds.S0022-0302(00)75095-8
https://doi.org/10.3168/jds.s0022-0302(00)75094-6
https://doi.org/10.3168/jds.S0022-0302(02)74397-X
https://doi.org/10.3168/jds.2017-13796
http://www2.sas.com/pdfs/s2k/v1_psm.pdf
https://doi.org/10.1016/S0301-6226(03)00151-9
https://doi.org/10.3168/jds.S0022-0302(05)72789-2
https://doi.org/10.3168/jds.s0022-0302(03)73602-9
https://doi.org/10.3168/jds.S0022-0302(99)75277-X
https://doi.org/10.18805/ijar.v0i0f.3806


 

 

 

Journal of Agricultural Sciences (Tarim Bilimleri Dergisi)                                          2024, 30 (1) : 118 – 130                                                                         DOI: 10.15832/ankutbd.1302050 
 

 

Journal of Agricultural Sciences 
(Tarim Bilimleri Dergisi)  

 
J Agr Sci-Tarim Bili 
e-ISSN: 2148-9297 

jas.ankara.edu.tr  
 

 

A Meta-Heuristic Algorithm-Based Feature Selection Approach to Improve 

Prediction Success for Salmonella Occurrence in Agricultural Waters 
  

Murat DEMIRa , Murat CANAYAZb , Zeynal TOPALCENGIZ c, d*  

a
Department of Software Engineering, Faculty of Engineering and Architecture, Muş Alparslan University, 49250 Muş, TÜRKİYE 

b
Department of Computer Engineering, Faculty of Engineering, Van Yüzüncü Yıl University, 65080 Van, TÜRKİYE 

c
Department of Food Science, Center for Food Safety, University of Arkansas System Division of Agriculture, Fayetteville, AR 72704, USA 

d
Department of Food Engineering, Faculty of Engineering and Architecture, Muş Alparslan University, 49250 Muş, TÜRKİYE 

 
ARTICLE INFO  
Research Article  

Corresponding Author: Zeynal TOPALCENGIZ, E-mail: zeynalt@uark.edu; zeynaltopalcengiz@gmail.com 

Received: 24 May 2023 / Revised: 20 September 2023 / Accepted: 21 September 2023 / Online: 09 January 2024 
 
Cite this article 
Demir M, Canayaz M, Topalcengiz Z (2024). A Meta-Heuristic Algorithm-Based Feature Selection Approach to Improve Prediction Success for Salmonella Occurrence in 
Agricultural Waters. Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 30(1):118-130. DOI: 10.15832/ankutbd.1302050 

 

ABSTRACT 
The presence of Salmonella in agricultural waters may be a source of 

produce contamination. Recently, the performances of various algorithms 

have been tested for the prediction of indicator bacteria population and 

pathogen occurrence in agricultural water sources. The purpose of this 

study was to evaluate the performance of meta-heuristic optimization 

algorithms for feature selection to increase the Salmonella occurrence 

prediction success of commonly used algorithms in agricultural waters. 

Previously collected datasets from six agricultural ponds in Central 

Florida included the population of indicator microorganisms, 

physicochemical water attributes, and weather station measurements. 

Salmonella presence was also reported with PCR-confirmed method in 

data set. Features were selected by using binary meta-heuristic 

optimization methods including differential evolution optimization 

(DEO), grey wolf optimization (GWO), Harris hawks optimization 

(HHO) and particle swarm optimization (PSO). Each meta-heuristic 

method was run 100 times for the extraction of features before 

classification analysis. Selected features after optimization were used in 

the K-nearest neighbor algorithm (kNN), support vector machine (SVM) 

and decision tree (DT) classification methods. Microbiological indicators 

were ranked as the first or second features by all optimization algorithms. 

Generic Escherichia coli was selected as the first feature 81 and 91 times 

out of 100 using GWO and DEO, respectively. The meta-heuristic 

optimization algorithms for the feature selection process followed by 

machine learning classification methods yielded a prediction accuracy 

between 93.57 and 95.55%. Meta-heuristic optimization algorithms had a 

positive effect on improving Salmonella prediction success in agricultural 

waters despite spatio-temporal variations. This study indicates that the 

development of computer-based tools with improved meta-heuristic 

optimization algorithms can help growers to assess risk of Salmonella 

occurrence in specific agricultural water sources with the increased 

prediction success.     

 

Keywords: Optimization, Support Vector Machine, kNN, Decision tree, Water quality 

 

 

1. Introduction 
 

Agricultural waters can be the main source of microbiological contamination in produce fields (FDA 2015). Pathogens such as 

Salmonella and shiga toxin-producing Escherichia coli can survive at various temperatures in agricultural surface waters for 

prolonged periods of time (Topalcengiz & Danyluk 2019; Topalcengiz et al. 2019). Agricultural water sources have been 

implicated as the possible source of Salmonella contamination during produce related outbreaks (CDC 2007; Greene et al. 2008). 

Microbiological indicators including streptococci, enterococci, and total coliforms can be used to monitor the water quality 

(Steele et al. 2005). The measurement of a generic Escherichia coli population is commonly required or recommended to assess 

the risk of contamination from agricultural water sources around the world (Ashbolt 2001; FDA 2015). However, weather 

conditions and environmental factors may cause dramatic changes in agricultural surface water quality that may increase the risk 

of produce contamination. 

 

Computer-based tools have been recently used to analyze the microbiological quality of agricultural water sources with 

various algorithms (Abimbola et al. 2020; Weller et al. 2020; Buyrukoğlu 2021; Buyrukoğlu et al. 2021). Artificial neural 

networks (ANN), K-Nearest neighbor algorithm (kNN), support vector machine (SVM), decision tree, random forest and 

AdaBoost can be listed as the most preferred algorithms to predict the presence of Salmonella based on measured environmental 

factors, the population of microbiological indicators, and the physicochemical attributes of agricultural waters ( Polat et al. 2020; 

Weller et al. 2020; Buyrukoğlu 2021). In published studies, the performance of computer-based tools is mainly evaluated with 

the value of accuracy with or without feature selection.  
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Feature selection is considered a critical step towards improving the prediction success of machine learning tools by 

eliminating inappropriate, irrelevant, or unnecessary features (Agrawal et al. 2021). Meta-heuristic methods provide effective 

and acceptable solution methods for future selection-based optimization. Solutions are candidate values that can be a set of 

desired outputs for each method to get closer to better results depending on the structure of the algorithms. Meta-heuristic 

algorithms consist of two main components: intensification and diversification (Blum & Roli 2003). Intensification focuses on 

producing a solution in a local area with the best available solution. Diversification means creating a variety of solutions to 

explore the search space on a global scale. The combined selection of the best solutions ensures that the solutions converge 

towards the optimum (Yang 2011). Diversification also prevents solutions from being localized and increases the diversity of 

solutions to avoid stagnation in local optima or flat areas. Each algorithm uses different methods to achieve a balance between 

concentration and diversification. 

 

The presence and concentration of pathogens in agricultural water have been predicted with artificial intelligence and machine 

learning tools with various classification techniques. In general, the success of classification techniques is evaluated with or 

without feature selection based on a researcher’s preferences, experiences, data availability, and algorithm popularity. Feature 

selection can be performed with statistical and computer-based tools. In a recent survey and review, grey wolf optimization 

(GWO), Harris hawks optimization (HHO), differential evolution optimization (DEO), and particle swarm optimization (PSO) 

have been listed as the most studied conventional metaheuristic algorithms used on data sets produced in various fields (Akinola 

et al. 2022; Dokeroglu et al. 2022). In this study, the effectiveness of above-mentioned meta-heuristic optimization algorithms 

was evaluated for feature selection to improve the Salmonella occurrence prediction performance of commonly used algorithms 

in agricultural waters. 

 

2. Material and Methods 
 

2.1. Data set 

  

A previously acquired data set for six agricultural ponds from Central Florida was obtained by Topalcengiz et al. (2017). The 

data set included the population of indicator microorganisms (total coliform, generic Escherichia coli, and enterococci), 

physicochemical attributes of water samples (air and water temperature, pH, oxidative reduction potential, conductivity, and 

turbidity), and weather station measurements as rain and solar radiation for 24 h before sampling, average solar radiation, 60 cm 

air temperature, relative humidity, ten-meter wind speed, wind direction, and 60 cm soil temperature in total of 540 samples (90 

from each pond) for two growing seasons. In addition, the presence of Salmonella in water samples was confirmed through PCR 

after enrichment. In this study, adjustments were made on the data set at hand. In this context, a data set of 540 values * 17 

features was obtained by combining all data from the six ponds. The class label for this dataset was determined as 1 for the 

presence of the Salmonella pathogen and 0 for its absence. Input and output values were normalized in the range of 0-1. Equation 

1 was used for normalization. 

 

 𝑦 = (𝑥𝑖 − 𝑥𝑚𝑖𝑛)/(𝑥𝑚𝑎𝑥 − 𝑥𝑚𝑖𝑛)                                                                                                                   (1)           

                                                                                

Where; y is the normalized value of xi. The xmax and the xmin are the maximum and minimum value of xi, respectively. 

 

2.2. Methods 

 

Two process steps were applied. First, the feature selection was staged. After normalization, the data set was subjected to feature 

selection through four different meta-heuristic optimization algorithms. Metaheuristic algorithms including differential evolution 

optimization (DEO), grey wolf optimization (GWO), Harris hawks optimization (HHO) and particle swarm optimization (PSO) 

were assessed based on the nearest neighborhood algorithm (kNN) with 5 neighborhoods as a fitness function. The rate of error 

obtained from the kNN was checked each time after each run. When the error rate was lower than the previous value, the features 

providing this value were taken as the best values. The population size was standardized as 20 with 100 iterations for comparison 

of all tested meta-heuristic algorithms. 

 

In the classification phase, the dataset was first segmented by using cross validation with k value of 5. One of these parts was 

used as test data for the part classification algorithm. The cross-validation method was used to confirm the reliability and accuracy 

of the results in the studies. The data sets obtained with k-fold are classified by support vector machines (SVM), kNN and 

decision tree algorithms based on successful classification as described in previous studies conducted on the same data set, 

respectively (Polat et al. 2020; Buyrukoğlu 2021; Buyrukoğlu et al. 2021). During the application, fitcsvm, fitcknn, fitctree 

functions in the Matlab program were used for classification. Default values were used for fitcsvm. NumNeighbors:5, 

Distance:minkowski parameters were used for fitcknn. Finally, MaxNumSplits: 7 value was applied for fitctree.  

 

2.3. Feature selection 

 

The multidimensionality of the data is considered as a challenge for classification techniques as well as for all data mining the  

methods.  A reduction in the number of classified dimensions reduces computational demands and data collection requests with 
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increase in reliability of baseline results and data quality. In this study, binary versions of DEO, GWO, HHO, and PSO meta-

heuristic methods were selected for feature selection to increase the accuracy success of classifiers. These meta-heuristic methods 

were determined based on previous successful applications by the authors (Canayaz 2021) and frequent use in the literature 

(Akinola et al. 2022; Dokeroglu et al. 2022). In this respect, it is also possible to evaluate our study as an ablation study. 

 

2.3.1. Binary differential evolution optimization 

  

The differential evolution (DEO) algorithm is a widely used as population-based stochastic direct search method for solving 

continuous-time optimization problems (Storn & Price 1997; Price et al. 2005; Das & Suganthan 2011). It uses real number 

coding and involves three basic operations: mutation, crossover, and selection. The initial population is randomly generated and 

covers the entire search space. While the traditional DEO algorithm is effective at solving continuous-time problems, it is unable 

to handle discrete problems and does not consider global or neighboring individual solution information. In contrast, the binary 

DEO incorporates information from neighboring solutions during the crossover phase to improve its performance on discrete 

problems (Liang et al. 2017). Binary DEO operates differently from the traditional DEO algorithm in the population initialization, 

mutation, and crossover phases. 

 

Binary DEO creates the initial population with the formula in Equation 2 (Liang et al. 2017): 

 

{
1,                           𝑟andj(0,1) < 0.05
0,                                         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

                                                        (2) 

 

The mutation operator was performed with the formula in Equation 3: 

 

𝑉𝑖,𝐺
𝑗

= {
𝑥𝑝1,𝐺

𝑗
| 𝑥𝑝2,𝐺

𝑗
     𝑥𝑝1,𝐺

𝑗
=  𝑥𝑝2,𝐺

𝑗
     

𝑥𝑖,𝐺
𝑗

         otherwise
                                                    (3) 

 

For the jth candidate node, if individuals Xp1,G , Xp2,G have the same choice, the mutant individuals yields xp1,G
j

 or xp2,G
j

 , 

otherwise it directly derives form Xi,G.  

 

Crossover Operator was performed by the formula in Equation 4: 

 

𝑉𝑖,𝐺
𝑗

= {
𝑣𝑛𝑏𝑒𝑠𝑡,𝐺

𝑗
 𝑟𝑎𝑛𝑑𝑗[0,1) ≤ 𝐶𝑅 𝑜𝑟 𝑗 = 𝑟𝑎𝑛𝑑(𝑖)   

𝑣𝑖,𝐺
𝑗

         otherwise
                                                              (4) 

 

The crossover ratio CR was chosen by the designer in the range [0,1). Crossover ensures that 𝑈i,G has at least one value from 

the best neighbour. Neighborhood radius 𝑟 depends on population size and complexity of the problem. 

 

2.3.2. Binary grey wolf optimization 

 

The binary version of grey wolf optimization (GWO) is an optimization algorithm inspired by the hunting and social behavior 

of grey wolves (Mirjalili et al. 2014). It involves a group of 5-12 wolves, divided into four categories: alpha, beta, delta, and 

omega. The alpha wolf is the leader and makes decisions concerning hunting, sleep times, and sleeping locations. The beta wolf 

assists the alpha wolf, while the delta wolf follows the alpha and beta wolves and only dominates the omega wolf, the lowest 

ranking member of the group. In this study, the binary version of GWO was used for feature selection, with the kNN error rate 

serving as the fitness function (Emary et al. 2016). The specific implementation of the algorithm is described by Too et al. (2018). 

The mathematical equations of the models developed for the hunting strategies of wolves are given in Equations 5 and 6: 

 

𝑋(𝑡 + 1) = 𝑋𝑝(𝑡) − 𝐴. 𝐷                                                              (5) 

 

Where; Xp is the position of the prey, A is the coefficient vector, and D is defined as: 

 

𝐷 = |𝐶. 𝑋𝑝(𝑡) − 𝑋(𝑡)|                                                                          (6) 

 

Where; C is the coefficient vector, X is the position of the grey wolf. 

 

The position updates of the grey wolves take place as in Equation 7: 

 

𝑋(𝑡 + 1) =
𝑋1+𝑋2+𝑋3

3
                                                          (7) 
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2.3.3. Binary harris hawks optimization 

 

Harris hawks optimization (HHO) algorithm is a population-based algorithm. It is a new swarm intelligence optimization 

algorithm inspired by the behavior and hunting patterns of Harris hawks, referred to as “surprise attacks”. Harris hawks are one 

of the most intelligent hunting birds known. When a group of hawks get together and start the hunt, some of them make short 

tours one after the other and then descend into very high turnstiles. In this strategy, the hawks detect and attack their prey from 

different directions and approach simultaneously (Heidari 2019). 

 

There are two different methods in the hunting process of HHO that decide which method will be used according to the 

randomly generated “q” value between [0-1]. In addition, a random number “r” is assigned between [0-1]. Different strategies 

are applied according to this “r” value and “E” escape energy. The “E” escape energy of the prey determines the attack on the 

prey. There are four different methods of producing solutions including soft besiege, hard besiege, developing attacks and soft 

besiege, and developing attacks and hard besiege (Çelik et al. 2019).  

 

In Equation (8) and equation (10), the motion position equation and escape energy are defined for the new solution (Zhang 

et al. 2021): 

 

 

𝑥(𝑡 + 1) =  {
𝑥𝑟(𝑡) − 𝑟1. |𝑥𝑟(𝑡) − 2𝑟2𝑥(𝑡) ,                                                      𝑞 ≥ 0.5

(𝑥𝑡𝑎𝑟𝑔𝑒𝑡 (𝑡) −  𝑥𝑎𝑣𝑒𝑟𝑎𝑔𝑒(𝑡)) − 𝑟3 (𝑟4(𝑈𝐵 − 𝐿𝐵) + 𝐿𝐵),         𝑞 < 0.5   
}                                                                (8)     

 

 

X (t + 1) and X (t) are the position vectors of the search agents. q, r1, r2, r3, and r4 are random values in each iteration and 

are randomly generated in the range 0-1. Xr(t) represents the position vector of a random individual. Xtarget (t) is the position 

vector of the prey. UB and LB show the lower and upper limits of the variables. Xaverage (t) in Equation 3 is the average position 

vector of the available search agents, which can be calculated as (Zhang et al. 2021). 

 

Xaverage(t) = 
1

𝑁
 ∑ 𝑋𝑖(𝑡)𝑁

𝑖=1                                                                      (9) 

 

N is the population size of the hawks; Xi(t) represents the position of an individual moving towards the prey (Zhang et al. 2021).

        

𝐸𝑠𝑐𝑎𝑝𝑖𝑛𝑔_𝑒𝑛𝑒𝑟𝑔𝑦 = 2𝐸0(1 −
𝑡

𝑇
 )                                           (10)  

 

In Equation 10 escape energy is defined for the new solution where T is the maximum number of iterations, E0 is the initial 

energy value (Zhang et al. 2021). kNN error rate was used as the fitness function of this algorithm.  

 

2.3.4. Binary particle swarm optimization algorithm 

 

Particle Swarm Optimization (PSO) is a meta-heuristic algorithm that was inspired by the movements of swarms of animals, 

such as birds and fish (Kennedy & Eberhart 1995). It uses two important parameters, known as pbest and gbest, to update the 

velocity and position information of the candidate solutions in the swarm. The pbest value represents the local best solution, 

while the gbest value represents the global best solution. 

 

The calculations of the algorithm are given in Equations 11-15 (Too et al. 2019): 

 

𝑣𝑖
𝑑(𝑡 + 1) = 𝑤𝑣𝑖

𝑑(𝑡) + 𝑐1𝑟1 (𝑝𝑏𝑒𝑠𝑡𝑖
𝑑(𝑡) − 𝑥𝑖

𝑑(𝑡)) + 𝑐2𝑟2 (𝑔𝑏𝑒𝑠𝑡𝑑(𝑡) − 𝑥𝑖
𝑑(𝑡))                                                                    (11) 

 

𝑆 (𝑣𝑖
𝑑(𝑡 + 1)) =

1

1+exp (−𝑣𝑖
𝑑(𝑡+1))

                                                           (12) 

 

𝑥𝑖
𝑑(𝑡 + 1) = {

1,       𝑖𝑓 𝑟𝑎𝑛𝑑 < 𝑆 (𝑣𝑖
𝑑(𝑡 + 1))

0,                                  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

}                                                  (13) 

 

Where; rand is a random number uniformly distributed between 0 and 1: 

 

𝑝𝑏𝑒𝑠𝑡𝑖
𝑑(𝑡 + 1) = {

𝑥𝑖(𝑡 + 1),       𝑖𝑓 𝐹(𝑥𝑖(𝑡 + 1)) < 𝐹(𝑝𝑏𝑒𝑠𝑡𝑖(𝑡))

𝑝𝑏𝑒𝑠𝑡𝑖(𝑡)           ,                                  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

}                                                                        (14) 
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𝑔𝑏𝑒𝑠𝑡(𝑡 + 1) = {
𝑝𝑏𝑒𝑠𝑡𝑖(𝑡 + 1),       𝑖𝑓 𝐹(𝑝𝑏𝑒𝑠𝑡𝑖(𝑡 + 1)) < 𝐹(𝑔𝑏𝑒𝑠𝑡(𝑡))

𝑔𝑏𝑒𝑠𝑡(𝑡) , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                             
 

}                                                                      (15) 

 

Where; x is the solution, pbest is personal best and gbest is global best solution. F(.) is fitness function. t is number of 

iterations. 

 

BPSO is the binary version of the PSO algorithm. In this study, the following parameter values were used: c1=2; c2=2; 

Vmax=6; Wmax=0.9; Wmin=0.4. 

 

2.4. Classification and evaluation of selected features 

 

The classification process involves two phases: training (80% of the data) and testing (20% of the data). The dataset, consisting 

of features selected through the classification process, is divided into training and testing sets using cross-validation with a k 

value of 5. In the training phase, the parameters of the classification model are set and the resulting error is used to assess how 

well the model fits the training data. The testing phase demonstrates the model's ability to accurately predict labels for untested 

data. In this study, the kNN, SVM, and decision tree classification algorithms, which have previously been used to predict 

Salmonella in agricultural waters using the same dataset, were chosen to evaluate the performance of the meta-heuristic feature 

selection optimization (Polat et al. 2020; Buyrukoğlu 2021). 

 

Figure 1 illustrates the four possible output states, representing the elements of a 2x2 confusion matrix or contingency table. 

The blue diagonal represents correct predictions, while the yellow diagonal indicates incorrect predictions. If a sample is positive 

and classified as positive, it is counted as a true positive (TP). If it is classified as negative, it is considered a false negative (FN). 

If a sample is negative and classified as negative, it is considered a true negative (TN). If it is classified as positive, it is considered 

a false positive (FP) (Tharwat 2018). 

 

 
 

Figure 1- An illustrative example of the 2X2 confusion matrix with two classes of Positive and Negative for classification. The 

output of the predicted class is defined as true or false

 

One of the most commonly used measures for evaluating classification performance is accuracy, which is calculated as the 

ratio of correctly classified samples to the total number of samples (Eq. 16). The precision, recall, and F-score metric values are 

given in Equations 17-19, respectively: 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝑇𝑁

𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁
                                                                              (16)  

 

Micro Average Precision =
∑ 𝑇𝑃𝑘

𝐾
𝑘=1

∑ 𝐹𝑃𝑘
𝐾
𝑘=1

                                                                                 (17) 

 

Micro Average Recall =
∑ 𝑇𝑃𝑘

𝐾
𝑘=1

∑ 𝐹𝑁𝑘
𝐾
𝑘=1

                                                 (18)  

 

Micro Average F − score =
∑ 𝑇𝑁𝑘

𝐾
𝑘=1

∑ 𝐹𝑃𝑘
𝐾
𝑘=1

                                                                                 (19) 

 

The complement of the accuracy metric is the error rate or misclassification rate, which reflects the number of misclassified 

samples from both positive and negative classes (Bradley 1997). It is calculated as follows (Eq. 20): 

 

𝐸𝑟𝑟𝑜𝑟 = 1 − 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = (𝐹𝑃 + 𝐹𝑁)/(𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁)                                                                      (20) 

 

This metric can be expressed as a percentage by multiplying the result by 100. 
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The micro-average score was used when equal weighting was required for each sample or estimate. The micro-average sums 

the contributions of all classes to calculate the average metric. In general, 'micro' is preferred where greater emphasis is placed 

on accuracy. For this reason, the micro-average was preferred in this study. 

 

2.4.1. k-Nearest-neighbours classification 

 

The k-Nearest-Neighbors (kNN) classifier is a simple and effective non-parametric classification method (Hand et al. 2001). In 

the kNN algorithm, the first step is to determine the distance between the data points. Common methods for measuring distance 

include the Euclidean, Manhattan, and Minkowski methods. 

 

The Euclidean distance method, most commonly used in practice, is defined between samples Xi and Xj as shown in 

Equation 21: 

 

(Xi,Xj) = √(𝑋𝑖1 − 𝑋𝑗1)
2 + (𝑋𝑖2 − 𝑋𝑗2)

2 + ⋯ + (𝑋𝑖𝑛 − 𝑋𝑗𝑛)
2
                                                                                      (21) 

 

Another important factor in the kNN algorithm is the k parameter, which determines the number of neighboring values to 

consider when classifying a point. Selecting an appropriate k value is crucial for the success of the classification (Guo et al. 

2003). To determine the best k value, the algorithm is run with different values of k and the performance is evaluated. A small 

value of k may result in too many classes, while a large value may lead to fewer classes than necessary and higher error rates 

(Imandoust & Bolandraftar 2013). In this study, the k value was set to 5 for each variable (k=5). The fitcknn toolbox in Matlab 

uses the Euclidean distance as the default distance measure. 

 

2.4.2. Support vector machine classification 

 

Support Vector Machines (SVMs) are a type of algorithm used for pattern recognition and classification tasks (Cortes & Vapnik 

1995). They are based on statistical learning theory and are known for their ability to achieve good generalization performance. 

SVMs are particularly useful for dealing with large data sets because they transform the classification problem into a squared 

optimization problem, which allows for faster solution times compared to other techniques (Osowski et al. 2004). Additionally, 

SVMs have been shown to have superior classification performance, computational complexity, and usability compared to other 

methods due to their optimization-based procedure (Nitze et al. 2012). The aim of SVMs is to find the optimal hyperplane that 

separates different classes by maximizing the distance between the support vectors of different classes (Ayhan & Erdoğmuş 

2014).  

 

In this study, the kernel, degree, and C parameters were used in the SVM algorithm. The kernel parameter determines the 

type of hyperplane used, with options including linear, rbf, sigmoid, and poly for nonlinear hyperplanes. The degree parameter 

controls the flexibility of the decision boundaries, with higher degrees allowing for more complex nonlinear relationships 

between the features.  

 

Equations (22) and (23) represent formulas for a line or hyper plane, respectively. The SVM should find weights so that the 

data points are separated according to a decision rule. 

 

wx+b=0                                                                                                         (22) 

 

y=mx+b                                                                                                                      (23) 

 

The C parameter controls the trade-off between minimizing misclassifications and maximizing the margin between the 

classes. Higher values of C result in a tighter margin and fewer misclassifications, while lower values allow for more overlap 

between the classes and prioritize maintaining a maximum margin. The Matlab fitcsvm toolbox defaults to C values in the range 

of [0 1;1 0]. 

 

2.4.3. Decision tree classification 

 

Decision trees are a type of machine learning algorithm used for building classifiers. They consist of decision nodes, which 

represent tests on a single attribute, and leaf nodes, which represent the resulting class. In binary decision trees, each decision 

node has two branches, one for each possible outcome of the attribute test. There are several decision tree algorithms, including 

ID3 (Iterative Dichotomiser 3), C4.5, CART (Classification and Regression Tree), CHAID (CHi-squared Automatic Interaction 

Detector), QUEST (Quick, Unbiased, Efficient, Statistical Tree), and MARS. In this study, the fitctree (binary decision trees) 

tool in Matlab was used. 

 

The process of constructing a decision tree involves dividing the training data into smaller subsets and repeating this process 

until each subset belongs to a single class. The training data, represented by T, consists of k classes. If T consists of only one 
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class, it will be a leaf node. If T contains more than one class, it is divided into n subsets, where n is the number of outcomes for 

the attribute test ai. This process is repeated iteratively on each subset Tj (1<j<n) until each subset belongs to a single class 

(Buyrukoğlu et al. 2021). The default parameters of the Matlab fitctree toolbox used in this study were: MaxNumSplits = n-1, 

where n is the training sample size; MinLeafSize = 1; and MinParentSize = 10. 

  

3. Results 
 

3.1. Performance of meta-heuristic optimization algorithms for feature selection 

 

Table 1 shows the feature distribution at each 100 steps for the binary version of DEO, GWO, HHO, and PSO optimization 

algorithms, respectively. The proposed feature selection approach was run 100 times for each meta-heuristic algorithm. The 

values in the Table 1 show how many times the relevant feature value is ranked among the first five features. However, when 

looking at the sum of some features, the total value appears below 100. This is because the algorithm discovers some parameters 

out of the first five features. Since there is an inherent randomness in heuristic algorithms, it is expected that such situations can 

occur. 

 

All microbiological variables have been selected at least as the first, second, and third features. Total coliform was ranked as 

the first feature or non-feature among the selected first five features by all algorithms. HHO and PSO optimization chose total 

coliform 41 and 55 out of 100 times as the first feature for the prediction of Salmonella occurrences in agricultural water. Generic 

E. coli was selected as the first feature 81 and 91 times by GWO and DEO, respectively. However, HHO and PSO algorithms 

ranked generic E. coli 31 and 54 times as the first or second effective feature for prediction, respectively. Enterococci was chosen 

the highest 31 out of 100 times by all algorithms as the first or second feature. The GWO algorithm determined only 

microbiological indicators as the first feature followed by DEO (97 times), PSO (93 times), and HHO (69 times) for prediction 

of Salmonella in agricultural waters.  

 

Air and water temperature were determined as the highest selected second and third features by all tested meta-heuristic 

algorithms with a selection range from 3 to 50 times. Conductivity, pH and oxidation-reduction potential of agricultural waters 

were ranked the highest as third, fourth and fifth features except for conductivity selected by the HHO algorithm. Turbidity and 

rain had the highest performance as fourth and fifth ranked features with the number of selections times below 19. The rest of 

the features were not consistently chosen as the successful feature for the prediction of Salmonella occurrence in agricultural 

waters. All meta-heuristic algorithms did not rank the rest of the features as the first or second feature, with the exception of 60 

cm air temperature by the HHO algorithm. 

 
Table 1- Numbers of selected first five features by tested meta-heuristic optimization algorithms for prediction of Salmonella 

occurrence in agricultural waters with classifiers 

 
 Meta-heuristic Optimization Algorithms 

 Binary Differential 

Evolution Optimization 

Binary Grey Wolf  

Optimization 

Binary Harris Hawks 

Optimization 

Binary Particle Swarm 

 Optimization 

Feature 1st 2nd 3rd 4th 5th 1st 2nd 3rd 4th 5th 1st 2nd 3rd 4th 5th 1st 2nd 3rd 4th 5th 

Total Coliform 4 0 0 0 0 15 0 0 0 0 41 0 0 0 0 55 0 0 0 0 

Generic E. coli 91 2 0 0 0 81 5 0 0 0 9 22 0 0 0 28 26 0 0 0 

Enterococci 2 2 0 0 0 4 28 4 0 0 19 14 9 0 0 10 31 15 0 0 

Air Temperature 0 50 3 0 0 0 42 21 3 0 14 19 10 6 0 3 19 19 5 0 

Water Temperature 2 24 28 1 0 0 16 27 14 0 9 13 16 8 2 1 10 21 15 1 

Conductivity 0 9 23 8 1 0 6 19 21 10 8 21 13 8 6 1 5 13 13 10 

pH 1 8 15 30 3 0 1 18 19 13 0 2 15 15 5 1 2 12 20 15 

Oxidation-Reduction Potential 0 3 11 17 24 0 2 2 22 24 0 1 11 11 11 1 2 8 14 17 

Turbidity 0 2 8 15 19 0 0 8 9 18 0 2 2 9 8 0 4 2 9 11 

Rain 0 0 4 10 11 0 0 1 5 15 0 0 2 3 12 0 1 5 9 10 

Total Solar Radiation 0 0 7 9 21 0 0 0 7 9 0 0 1 3 6 0 0 0 4 7 

Average Solar Radiation 0 0 0 3 8 0 0 0 0 6 0 0 14 9 4 0 0 1 4 9 

60 cm Air Temperature 0 0 0 4 3 0 0 0 0 2 0 6 5 13 13 0 0 3 3 7 

Relative humidity 0 0 1 1 2 0 0 0 0 0 0 0 1 5 9 0 0 1 2 5 

Ten-meter Wind Direction 0 0 0 1 4 0 0 0 0 2 0 0 1 0 1 0 0 0 1 3 

Ten-meter Wind Speed 0 0 0 1 2 0 0 0 0 1 0 0 0 6 7 0 0 0 1 3 

60 cm Soil Temperature 0 0 0 0 1 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0 

Total Iteration 100 100 100 100 99 100 100 100 100 100 100 100 100 99 87 100 100 100 100 98 
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3.2. Frequency of meta-heuristic optimization algorithms for feature selection 

 

Table 2 shows the feature selection frequency of meta-heuristic algorithms based on the first five ranked features. Generic E. 

coli was ranked as the most successful feature in the prediction of Salmonella presence in agricultural waters ranging from 31 to 

93 times selected in the first five ranked features. Similar selection frequency was observed for total coliform and enterococci. 

DEO was the only algorithm to rank almost all physicochemical attributes and weather station measurement above 

microbiological indicators. Air and water temperature were ranked between 46 and 66 times in the first five features by all meta-

heuristic algorithms. Similar to results for microbiological indicators, the distribution of feature selection was parallel between 

GWO and DEO and between PSO and HHO algorithms for air and water temperatures. 60 cm air temperature measurements 

from weather station was not selected as frequent feature as actual air and water temperatures measured in the field for prediction 

of Salmonella occurrence in agricultural waters. With the exception of HHO, conductivity, the pH and oxidation-reduction 

potential of agricultural were ranked from 41 to 57 times in the first five features based on all meta-heuristic algorithms. Turbidity 

was ranked in the first five features 21 to 44 times by all algorithms. The rest of the features including rain and solar radiation 

were ranked between none and 37 times in the first five algorithms. When the feature selections of all meta-heuristic algorithms 

were combined, generic E. coli (264 times) was selected almost twice as often as total coliform (115 times) and enterococci (138 

times). The order of feature dominancy was generic E. coli (264 times), air temperature (214 times), water temperatures (208 

times), conductivity and pH (195 times). 

 
Table 2- Total number of features selected as first and second feature by four tested meta-heuristic optimization algorithms 

for prediction of Salmonella occurrence in agricultural waters with classifiers 

 

                 Frequency*  

Feature DEO GWO HHO PSO Total 

Total Coliform 4 15 41 55 115 

Generic E. coli 93 86 31 54 264 

Enterococci 4 36 42 56 138 

Air Temperature 53 66 49 46 214 

Water Temperature 55 57 48 48 208 

Conductivity 41 56 56 42 195 

pH 57 51 37 50 195 

Oxidation-Reduction Potential 55 50 34 42 181 

Turbidity 44 35 21 26 126 

Rain 25 21 17 25 88 

Total Solar Radiation 37 16 10 11 74 

Average Solar Radiation 11 6 27 14 58 

60 cm Air Temperature 7 2 37 13 59 

Relative humidity 4 0 15 8 27 

Ten-meter Wind Direction 5 2 2 4 13 

Ten-meter Wind Speed 3 1 13 4 21 

60 cm Soil Temperature 1 0 6 0 7 

 

*: Binary meta-heuristic optimization methods include differential evolution optimization (DEO), grey wolf optimization (GWO),  

Harris hawks optimization (HHO) and particle swarm optimization (PSO).

 

3.3. Performance of classifier based on selected meta-heuristic algorithm 

 

Table 3 depicts the prediction accuracy results of kNN, SVM, and decision tree based on feature selection by tested meta-

heuristic algorithms. Since each meta-heuristic method was run for 100 steps, the classification process was repeated each time 

to obtain the average and the highest prediction success as a percentage. All classification algorithms predicted the Salmonella 

occurrence based on selected features with accuracy values ranging from 93.70% to 95.18% on average. The highest accuracy 

rates based on feature selection by all meta-heuristic algorithms were 95.18% for kNN, 95.16% for SVM, and 95.55% for 

decision tree. The average accuracies predicted by SVM and KNN were 95.18% for all meta-heuristic algorithms. The average 

accuracy success rates of decision tree ranged from 93.70% to 95.55%.  

 

Similar to accuracies, other evaluation parameters including precision, recall and f-score were calculated over 93.00% 

regardless of the feature selection and classification algorithm. The highest precision value was obtained from the kNN and SVM 

algorithms with 95.18%. The average precision value in the decision tree classification in all algorithms was lower than the other 

classifiers. The same results were observed in metrics such as recall, f-score that were between 93.57 and 95.18%. The kNN, 

SVM and DT accuracy results are shown in Figure 2 for each meta-heuristic algorithm (DEO, GWO, HHO and PSO). 
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Figure 2- Accuracy results of kNN (■), SVM (■) and DT (■) classifiers after application of differential evolution optimization 

(DEO), grey wolf optimization (GWO), Harris hawks optimization (HHO) and particle swarm optimization (PSO) heuristics 

algorithms for feature selection 

 

Table 3- Accuracy results of kNN, SVM, and decision tree (DT) classifications based on feature selection of meta-heuristic 

optimization algorithms 

 

Algorithm  Classification Accuracy (%) Precision (%) Recall (%) F-Score (%) 

DEO 

kNN-Maximum 0.9518 0.9518 0.9518 0.9518 

kNN-Average 0.9518 0.9518 0.9518 0.9518 

SVM-Maximum 0.9518 0.9518 0.9518 0.9518 

SVM-Average 0.9518 0.9518 0.9518 0.9518 

DT-Maximum 0.9481 0.9481 0.9481 0.9481 

DT-Average 0.9357 0.9357 0.9357 0.9357 

GWO 

kNN-Maximum 0.9518 0.9518 0.9518 0.9518 

kNN-Average 0.9518 0.9518 0.9518 0.9518 

SVM-Maximum 0.9518 0.9518 0.9518 0.9518 

SVM-Average 0.9518 0.9518 0.9518 0.9518 

DT-Maximum 0.9555 0.9555 0.9555 0.9555 

DT-Average 0.9370 0.9370 0.9370 0.9370 

HHO 

kNN-Maximum 0.9518 0.9518 0.9518 0.9518 

kNN-Average 0.9518 0.9518 0.9518 0.9518 

SVM-Maximum 0.9518 0.9518 0.9518 0.9518 

SVM-Average 0.9518 0.9518 0.9518 0.9518 

DT-Maximum 0.9518 0.9518 0.9518 0.9518 

DT-Average 0.9417 0.9417 0.9417 0.9417 

PSO 

kNN-Maximum 0.9518 0.9518 0.9518 0.9518 

kNN-Average 0.9518 0.9518 0.9518 0.9518 

SVM-Maximum 0.9518 0.9518 0.9518 0.9518 

SVM-Average 0.9518 0.9518 0.9518 0.9518 

DT-Maximum 0.9499 0.9499 0.9499 0.9499 

DT-Average 0.9392 0.9392 0.9392 0.9392 

 

*: Binary meta-heuristic optimization methods include differential evolution optimization (DEO), grey wolf optimization (GWO),  
Harris hawks optimization (HHO) and particle swarm optimization (PSO) 
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4. Discussion 

 

The microbiological water quality via indicator microorganisms is monitored to the reduce pathogen contamination risk of 

produce. The detection of pathogens is also possible for agricultural water, but not preferred due to the high cost, length of time, 

advanced laboratory equipment and qualified personnel required to perform any analysis. To provide faster and easier risk 

assessment for growers, several statistical and computer-based approaches have been proposed for the prediction of pathogen 

occurrence in agricultural waters over the past (Benjamin et al. 2013; McEgan et al. 2013;  Bradshaw et al. 2016; Havelaar et al. 

2017; Truchado et al. 2018; Polat et al. 2020; Weller et al. 2020; Buyrukoğlu 2021; ). The success of each model or algorithm 

varies depending on intrinsic and extrinsic parameters used for prediction. Several features including the population of 

microbiological indicators, physicochemical attributes, or environmental variables can be used for the prediction of a Salmonella 

population or occurrence in agricultural water sources (Buyrukoğlu 2021). However, unstable environmental conditions may 

dramatically affect variable changes used as features and, relatively, the performance of prediction tools. Preprocessing of 

parameter values can be a requirement for the success of prediction. In this study, since the intervals of the values in the data set 

contained various ranges and units, feature values were subjected to the normalization process before optimization. 

 

The dataset used for the prediction of Salmonella presence in agricultural waters included 17 possible features with various 

ranges and units in this study. The order of feature dominancy was generic E. coli, air temperature, water temperatures, 

conductivity and pH by tested meta-heuristic algorithms; however, 60 cm air temperature was determined as a weak predictor. 

This is because air and water temperatures were measured on-site while the 60 cm air temperature data was taken from the 

weather station (Topalcengiz et al. 2017). The meta-heuristic algorithms used for optimization ranked indicator microorganisms 

in the first and second place of the most selected features among the first five features. Particularly, the generic E. coli population 

was chosen as the first feature except for the HHO algorithm. Previously, the same dataset was evaluated for the best Salmonella 

prediction in agricultural waters with statistical and computer-based tools. Havelaar et al. (2017) developed a prediction model 

for the probability of the presence of Salmonella by using the E. coli population and turbidity based on the results of logistic 

regression analysis for feature selection. In another study with the same dataset, heterogenous ensemble feature selection 

including information gain, RelifF, analysis of variance, and Chi-square yielded the most successful Salmonella prediction with 

features including UV, turbidity, and the population of coliform and generic E. coli (Buyrukoğlu 2021). In the same study, 

microbiological indicators are noted as more effective features than physicochemical attributes and weather station 

measurements as meta-heuristic algorithms used in here.  

 

Feature selection aims to find a subset of features for a learning operation that can describe data as well or better than the 

original dataset (Phyu & Oo 2016). In feature selection, there are three groups: filtering methods based on statistical information, 

spiral search methods, and embedded methods using the best divisor criterion. In filtering methods, feature selection is made 

before the selection algorithm works, while in spiral methods, the algorithm is used for the selection of the best features. In 

embedded methods, the data mining algorithm and feature selection algorithm work simultaneously (Budak 2018). In this study, 

four meta-heuristic methods were used for filtering before classification with kNN, SVM, and decision tree algorithms for the 

prediction of Salmonella occurrence in light of previous studies analyzing the same data set (Buyrukoğlu 2021; Buyrukoğlu et 

al. 2021; Polat et al. 2020). This study can be considered as the performance of an ablation study in the analysis of agricultural 

water quality. 

 

Generic E. coli was ranked as the first feature (and dominant feature in total) over 80 out of 100 times by GWO and DEO for 

the prediction of Salmonella presence or absence in agricultural waters as previous studies conducted with the same data set 

(Buyrukoğlu 2021; Polat et al. 2020). However, HHO and PSO algorithms listed E. coli the highest 28 times as the first or second 

among the first five features. These differences show that swarm or population size-based optimization algorithms are not as 

successful as continuous optimization algorithms as GWO and DEO.   

 

Previously, Polat et al. (2020) reported the highest accuracy around 76% with ANN, kNN and SVM classifiers by using the 

same dataset as individual or combined features. In their study, no feature selection was performed among microbiological 

indicators or physiochemical water attributes. In another study with the same dataset, Buyrukoğlu (2021) proposed a new hybrid 

data mining model for prediction of Salmonella occurrence. Ensemble models of ANN, SVM, random forest and Naïve Bayes 

using a heterogenous feature selection approach (information gain, RelifF, analysis of variance, and Chi-square) had a prediction 

accuracy ranging from 82.8 to 94.9% (Buyrukoğlu 2021). In this study, the accuracy success of kNN, SVM, and decision tree 

algorithms was determined between 93.70 and 95.55% on average after 100 iterations based on tested metaheuristic optimization 

algorithms. High accuracy calculations show that the feature selection obtained through the use of heuristic methods yields more 

successful results. 

 

The method proposed in this study gave higher prediction accuracy results than previous studies using the same data set. 

Recently, Buyrukoğlu et al. (2022) managed to increase the prediction success of the deep feed-forward neural network (DFNN) 

for Salmonella occurrence up to an accuracy of 98.41% with determined correlation value based on the selected features in 

another study with the same dataset. In Buyrukoğlu’s (2022) study, feature selection determined by gain ratio yielded the highest 

relationships between generic E. coli and rain, solar radiation, and turbidity. Then, predicted generic E. coli population by 

decision tree, SVM, and RF were combined with selected environmental and physicochemical features with and without 
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correlation value for the DFNN analysis (Buyrukoğlu et al. 2022). The generic E. coli, air temperature, water temperature, 

conductivity and pH selected by meta-heuristic methods appear to be more dominant in the prediction of Salmonella presence in 

agricultural waters. In addition, as a result of feature selection made with heuristic methods in here unlike previous studies using 

the same data set (Polat et al. 2020; Buyrukoğlu 2021; Buyrukoğlu et al. 2021; Buyrukoğlu et al. 2022), conductivity and pH 

stand out as advantageous and distinguishing features that can be measured with portable equipment in the field. The measured 

conductivity and pH values can be used with a computer-based tool or developed application to obtain immediate results.  

 

A small number of positive Salmonella samples in our dataset can be considered as a limitation of this study due to imbalanced 

classifications. To overcome this limitation, the micro-average method (Grandini et al. 2020) was used to calculate the metrics 

in the classification process. The unique aspect of our study is that it is the first study in which feature selection was made using 

meta-heuristic algorithms on a dataset for the prediction of Salmonella in agricultural waters. At all combinations of feature 

selection and classification, prediction success was calculated higher than accuracies calculated with the same or similar datasets. 

 

5. Conclusions 
 

In this study, the data collected from six different agricultural ponds were analyzed. A classification study was conducted to 

predict the presence/absence of the Salmonella pathogen. In the first part of the proposed method, a feature selection was 

performed with four different meta-heuristic algorithms. Following this, a classification was made using the kNN, SVM and 

decision tree classification methods. Similar to previous studies using the same or similar data sets, generic E. coli was selected 

as the most prominent feature for the prediction of Salmonella occurrence in agricultural waters. This confirms the validity of 

the recommended microbiological indicator compared to water attributes and weather station measurements. The accuracy 

success of the classifiers was improved up to 95% after feature selection using the metaheuristic optimization algorithms. There 

has yet to be a study using heuristic optimization methods for feature selection on the same data set and performed classification 

with these features. In this respect, this study shows that the use of heuristic methods may improve results in future studies in 

this area, especially in cases where the data size and the number of parameters is high. In this study the main strength of the 

proposed model is the use of a hybrid approach that combines feature selection and machine learning.  
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ABSTRACT 
Rice is the major food crop and a significant source of foreign exchange 

of Pakistan. In order to meet food demands, high quality varieties of rice, 

including early and late maturing varieties, as well as hybrid and 

conventional rice varieties must be developed with the adoptability and 

suitability of different hybrid rice varieties in local soil. The hybrid 

varieties revealed supremacy regarding the growth characters over the 

inbred rice. The study results pretended that the highest plant height was 

recorded in hybrid variety ennpova-55 (106.5 cm) while inbred IRRI-9 

produced the shortest height (65.5 cm) at reproduction stage. Whereas 

highest number of tillers was observed in Winner-55, Tahafuz-121, and 

Ashoka (24 m-2) and have highest seedling number and lowest number of 

tillers were recorded in Komal 21 m-2. Highest plant dry matter per hill 

was found in Ennova-55 (95.9/cm and lowest observed in IRRI-9 (69.8 

cm) as compared to all other rice verities studied in this study. In 

chlorophyll studies, highest chlorophyll parameter was observed in 

Ennova-08 and Pukhraj and lowest was observed only in inbred varieties. 

Shoot and root length showed significant variation among the different 

rice varieties. The tallest shoot was found in Ennova-55 (82.3 cm) which 

was statistically identical with Thafuz-121 (78.1 cm), while shortest was 

found in IRRI-9 (54.1 cm) at harvest. However, the maximum Leaf area 

index was recorded from Komal (4.50) at the heading stage followed by 

Ennova-55 (4.20), but significantly lower in Shakar (2.70). Compared 

with inbred, hybrid rice produced a higher yield with BCR of 12.03. 

However, further research studies are obligatory to perform for 

adoptability of hybrid rice locally for sustainable rice production.   

 

Keywords: Hybrid paddy rice, Physiological characteristics, Grain, Biological yield, Economic analysis

 

 

1. Introduction 
 

Agriculture is the primary driver for global sustainability and socioeconomic improvement (Aslam et al. 2020) which aim 

to guarantee food security and economic diversification; therefore, appropriate attention must be taken to ensure the use of 

optimal crop production technologies. In 2018, agriculture contributed to 24% of Pakistan's GDP, playing a significant role 

in the country's economy. It is recorded that more than 40% of Pakistan's total land area is under cultivation over the last 

sixty years of cultivation (FAO 2017). 

 

The most significant cereal crop in the world is rice (Oryza sativa L.), which is the main source of nutrition for about 

half of the world's population, especially in Asia, where around 90% of the world's rice is grown and consumed (Noora et 

al. 2020). For 2.7 billion people, rice provides 50–60% of their daily caloric intake (Metwally et al. 2010; Chukwu et al. 

2019). In terms of acreage cultivated, rice is the second-largest crop in the world, accounting for around 11% of all 

agricultural land (Amanullah 2016). It is the most significant grain crop in the world and an annual semi-aquatic plant. 

According to estimates, in order to feed the anticipated increase in global population, farmers must produce 60% (Fageria 

2010) and 21% (Uzzaman et al. 2015) more rice than they do now. High-yielding types are being developed more frequently 

recently for uses other than human consumption, like rice flour and animal feed (Yoshinaga et al. 2018). Breeders' top 

priorities now include developing and implementing rice cultivars with increased grain zinc content and high production 

potential.  
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Within a population, variability refers to the differences in individual genotypes (and corresponding traits) as well as the 

speed at which a particular genotype might vary in response to environmental or genetic variables (Zhang et al. 2011). The 

requirement for increasing the number of micronutrients in rice grains is influenced by both their inherent genetic diversity 

and cultural traditions. Therefore, to achieve the objectives of creating high yielding rice varieties as well as better grain 

micronutrients, a breeding program's performance will depend on the genetic diversity of a crop (Swamy et al. 2016). China 

has a significant role in the production and consumption of rice, but would struggle to increase the land area already used 

for rice cultivation considering recent economic growth and urbanization, in part due to the lack of agricultural water (Cui 

et al. 2014). 

 

In general, hybrids are more robust and bigger than the parent stock. Young seedlings develop long roots and large 

leaves that allow them to absorb more nutrients and therefore produce more grains. According to Bhuiyan et al. (2014) 

hybrid rice has a high tiller capacity. In the early and middle growth stages of vegetative growth, hybrid rice collects more 

dry matter, leading to more spikelet per panicle. They have panicles that are larger and more spikelet per panicle. These 

elements lead to better yields, typically 15% or more, than regular rice, commonly known as inbred rice (Chakrabarti et al. 

2010; Bhuiyan et al. 2014). Pakistan produces 6.95 million tons of rice annually on an area of 2.96 million hectares: with 

an average yield of 2.35 t ha-1. In order to produce hybrid rice, two different types of seeds must be planted and cultivated 

side by side. Pollination can be done both naturally and artificially. The average rice production in Pakistan has increased 

by more than 2% annually as a result of numerous research initiatives. Despite this, it is still a lot less than the leading 

nations for rice production (Amanullah 2016; Amanullah & Inamullah 2016). Low temperatures with late sowing impact 

seed germination, which delays tillering, leaving less time for plants to grow properly (Noor et al. 2019.) 

 

In Pakistan, unbalanced nutrient application is one of the main causes of low paddy output (Amanullah 2016). Thus, 

various characteristics such as the quantity of tillers per plant, panicle size, panicle count, number of fertile grains per 

panicle, number of spikelet per panicle, grain weight per 1000 grains, plant height, etc. combine to produce the yield. The 

genes and QTLs that influence the traits that contribute to yield have been found. The qTSN4 shown to be rice QTL increases 

the total number of spikelet produced per panicle and the area of the flag leaf, but depending on the environment, it may 

also decrease the number of panicles (Adriani et al. 2016). The Gn1 gene similarly regulates plant height and the quantity 

of grains per panicle. For the quality of the rice population and grain yield, tillering is a crucial agronomic feature (Wang et 

al. 2017a). This is because insufficient tiller production leads to insufficient panicles, while excessive tiller production 

creates a dense canopy that creates a damp microenvironment that is favorable for diseases and pests (Noor et al. 2020b). 

Since nitrogen (N) fertilizer raises the cytokinin content in tiller nodes and further promotes the germination of the tiller 

primordium, it is the most popular and efficient strategy to expand the tiller population under field settings (Liu et al. 2014). 

Unlike the lateral branching of dicotyledonous plants, gramineous plants contain a specific kind of side shoot known as a 

tiller. The sprouting of new tillers from the main stem occurs continuously, and these produce their own roots to grow 

independently, ensuring the survival of plants in a variety of environments (Wang et al. 2017b). Additionally, it has been 

noted that the quantity of tillers is positively correlated with plant biomass and rice yields (Xing et al. 2017). The most 

crucial traits to consider while selecting for improved yield in rice segregating generations are the number of panicles per 

plant and the quantity of grains per panicle. At the genotypic level, grain number per plant displayed a positive correlation 

with fertility percentage but a negative correlation with grain length, grain L/B ratio, and 1000 grain weight (Senapati & 

Semenov 2020) 

 

A well-known measure of plant growth is the leaf area index LAI was first described by Zhao et al. (2012) and is the 

ratio of leaf area to a specified unit of land area. Spectral reflectance and the ratio are functionally connected (Yang et al. 

2009). Modelling canopy interception, ET, and net photosynthesis depend on LAI, a significant structural element of 

vegetation canopies. Most land surface models also use LAI as a crucial biophysical parameter to control how energy, 

carbon, and water fluxes are distributed between the soil and canopy components of the land surface system (Zhao et al. 

2012). Indicators of crop development dynamics, such as LAI or the amount of leaf area per unit ground area), can be used 

to assess the condition of paddy rice during the growing season (Wang et al. 2017a). 

 

Studies on rice grains have shown that the grain's morphological characteristics vary greatly depending on where it is 

grown (Soe et al. 2019). Different rice hybrids' yields and yield components were also assessed by Ashraf & Akram (2009). 

Few hybrids have greater grain quality compared to checks, which is one of the most significant characteristics of hybrids, 

thus there is a need to work to increase quality traits (Riaz et al. 2017). The primary goal of the breeding program to create 

new rice varieties is to increase rice grain production. A complicated trait with numerous genes under control and a strong 

environmental influence is grain yield. Moreover, additional characteristics including the type of plant, the length of the 

development cycle, and the components of the yield also influence grain production (Uzzaman et al. 2015). Most of them 

are resistant to pests, illnesses, and extreme climatic conditions, and many have therapeutic benefits in addition to having 

great nutritional value. As natural resources are depleted, genetic material preservation has become more significant 

(Ranawake et al. 2013).  

 

The main objective of study was to evaluate the adoptability and suitability of different hybrid rice varieties and inbred 

rice in local growing conditions. This study was performed to investigate the agronomic traits and yield variation among 



Abbas et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2024, 30(1): 131-144 

           133 
 

the afore mentioned hybrid and inbred paddy varieties, and to recognize the higher yield contributing characters for hybrid 

rice varieties compared with inbred rice varieties. The rice varieties have not always been higher in yields due to vigour as 

well as physiological characters and environmental conditions. For this reason, our study mainly focused on the agronomical 

perspective in the environmental condition of Larkana Sindh, so that these verities must be used in further research studies 

and to provide a good knowledge for the adoptability of these hybrid paddy. Finally, the economic analysis was carried out 

to test the feasibility of hybrid rice adoptability in the domestic growing environment producing higher yield and better 

source of revenue for farmers.  

 

2. Material and Methods 
 

The field tests for rice production were carried out across two cropping seasons in 2020-21 at the experimental field on the 

Dokri. 27.565° N Latitude and 68.771° E Longitude are the site's coordinates. The experimental area is level and has a 

drainage and irrigation system that is readily available. Table 1 provides an overview of the topsoil characteristics (0-15 

cm) of the experimental plot. Extremely hot summers and mild winters characterized the climate over the whole crop period.  

 

The highest temperature of study site was recorded as 50-53 °C and the lowest recorded temperature was below 20 °C. 

The annual rainfall was also recorded as 109-127.4 mm, higher in the monsoon season (July) while 41 mm rainfall was 

recorded in the crop period. At a weather station near to the experimental location, the average temperature, precipitation, 

and sunlight hours throughout the rice growing seasons of 2020-21 were measured. At the middle and late stages of growth, 

2020 had higher temperatures, more sunlight hours, and less precipitation than 2021. The objective of this study is to 

evaluate the adoptability and suitability of different hybrid rice varieties in local conditions. However, the performance of 

hybrid rice varieties was evaluated with crop vegetative growth, yield, and their yield characteristics (Noor et al. 2020a). 

Prior to the commencement of field trails, the soil characteristics recorded were presented in Table 1. 

 
Table 1- Physical and chemical properties of the initial soil of the experimental plots 

 

Characteristics Value 

Textural class (% sand, silt, clay) Silty clay loam (15.5, 36.3, 42) 

Ph 7.6-8.3 

% OM (organic matter) <0.86) 

Total N% 0.07 

P (µ g/g soil) 3.67 

S (µ g/g soil) 5.89 

B (µ g/g soil) 0.10 

CU (µ g/g soil) 0.11 

Fe (µ g/g soil) 2.4 

Mn (µ g/g soil) 0.57 

Zn (µ g/g soil) 0.40 

Available K (meq/100g) 0.09 

Ca (meq/100g) 1.10 

Mg (meq/100g) 0.025 

 
2.1. Plant materials 

 

There were twenty (20) hybrid and four inbred rice varieties were selected for the experimental study. The experiment was 

conducted in a rice-wheat cropping zone by applying traditional field preparation conditions. The hybrid varieties were 

selected based on market demand. The hybrid rice seed was purchased from different companies like as Guard seed 

company, AG pharma, Kanzo seeds, Greenlet group, Suncrop group, Chodri khair din group, Tara group, Afroz crop 

science, Comega group, Rachnna group, Soni dharti and Tahfuz, Haji sons’ group, Sayban group corporations, while Inbred 

(local rice) seed was collected from Abdul Sattar Sons, Larkana, Sindh. In this experiment, the hybrid rice varieties were 

given different codes for the better understanding i.e. V1 (Ennova 08), V2 (Komal), V3 (Guard 53), V4 (Winner 40), V5 

(Ennova 55), V6 (Winner 05), V7 (winner 55), V8 (Bakhtwar 121), V9 (Bakhtawar 275), V10 (Dimond121), V11 (Tara 

786), V12 (Thafuz 121), V13 (Red star), V14 (Comrage), V15 (Karshma), V16 (Ashoka), V17 (Shakar), V18 (Anmol),  

V19 (Royal), V20 (Pukhraj) and Inbred (local rice) variety was V21 (Shua92), V22 (Shandar), V23 (sharshar), and V24 

(Irri-9). 

 

2.2. Nursery preparation 

 

The nursery was prepared using the wet bed technique. Under the irrigated method of rice growing, saturated nurseries were 

preferred. The soil was prepared using local ploughings (2-4 pass). The nursery area was divided into small plots of 30 sq. 

meters. This makes it easier to perform irrigation, weeding, chemical spraying, and planting tasks. The drainage ditches (30 

cm) were built between the seed beds and provided 500g of single super phosphate, 500 g of ammonium sulphate, or 225 g 

of urea evenly over 10 square meters. Rice seeds were evenly dispersed throughout following manure application and 
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puddling. For the first five days, the sowing plots were kept completely submerged in water; as the seedlings grew, the 

water level was gradually raised to a height of five centimeters. During instances of heavy rain during the first week of 

sowing, excess water was drained out. The appropriate disease and pest management methods were employed. In the event 

of symptoms of nitrogen deficiency, a top-dressing application of 50 g of urea per square meter was made. Additionally, 

two applications of zinc sulphate (5 kg zinc sulphate + 2.5 kg calcium hydroxide mixed in 1000 litters of water for one 

hectare) were made on soils that were lacking in zinc.  

 

2.3. Field experiment layout  

 

Three replications of each variety were used in the complete randomized design (CRD) studies. The field experiments were 

conducted at or around the beginning of August. The experimental field's total area was 9 hectares (2.25 acres), which was 

divided into 24 sub-fields (27×150 feet) for treatments. Each sub-field was further divided into three replication plots (27× 

50 feet). The traditional method was used to prepare the experimental field area, and each subplot had a 500 m2 (25 m×20 

m) space. 

 

2.4. Soil preparation for field experiments 

 

After harvesting the wheat crop, the sufficiently dried soil was cultivated to aerate the soil, lessen weeds and other pests, 

and mix organic elements into the soil. A four-wheel tractor mounted with a rotary or multiple discs plow was used for soil 

cultivation. The field soil was irrigated and puddled until saturation to soften and to spill rice seeds to germinate. Puddling 

of soil involves churning of soil in rice fields while it's flooded with water. This practice converts the soil into a semi-liquid 

state, resulting in puddled soil. This technique is particularly essential for lowland rice cultivation, where fields are flooded 

to create a waterlogged environment. The seedling/nursery was transplanted in the main field after 25 days.   

 

2.5. Fertigation 

 

The soil was in the best physical condition for crop growth before the rice was planted, and the soil surface was level. The 

land was prepped for rice farming, and chemical fertilizers such as urea, tri-superphosphate, muriate of potash, gypsum, and 

zinc sulphate were applied at rates of 270, 130, 120, 70, and 10 kg ha-1, respectively. Equal amounts of fertilizer were 

administered to each crop. At the middle and late stages of growth, the temperature was recorded higher, less precipitation, 

and more sunny hours. However, throughout the field trial, adequate weed and pest management techniques were also used 

to maintain the crop. 

 

2.6. Nursery transplantation 

 

The prepared nursery was transplantations manually into the rice field July 25th and July 5th in 2018 and 2019 cropping 

seasons, respectively. The approximate plant to plant distance was measured as 15×15 cm.  

 

3. Studied Characters  
 

3.1. Morphological growth 

 

The data were collected on the following characters of the crops i.e. Plant height (cm) (PH), no of tillers, shoot and root 

length, LAI and Chlorophyll. From the first flowering day until the harvest the plant's height was measured. From the level 

of the ground surface to the top of the plant, the height was measured and then averaged. From the first flowering to the 

harvest, the number of tillers was counted and then averaged on a per-hill basis. The leaf area index of rice plant was 

determined at the days from flowering to harvesting stage. The data recorded were then computed by multiplying with a 

factor (0.75) as discussed by Mariana & Hamdani (2016). The chlorophyll content was measured using a chlorophyll meter 

(SPAD-502, Minolta Camera Co. Ltd, Osaka) (SPAD value). The mean of five readings per plant was recorded, and a fully 

grown leaf from the top of the plant was chosen for recording the SPAD values. For the measurement of SPAD value, five 

plants were chosen randomly from each plot. Additionally, Duncan's multiple range tests was used to determine for the 

analysis of recorded data of various study parameters (Duncan 1955). 

 

3.2. Yield characteristics  

 

The parameters, days to harvesting, number of panicles (Per plant and meter square), panicle length, number of filled and 

empty grains per panicle, grain length (mm), 1000 grain weight (g), number of panicles (t/ha), straw yield (t/ha), biological 

yield (t/ha), and harvest index are some of the different yield characteristics (%). 

 

The number of days required to harvest each plot was computed to determine the days to harvesting. Every plot's number 

of panicles per plant, panicle length, and grain length were noted from the start of blooming until harvest (Noor et al. 2020c). 

Additionally, the average value was determined for each plant. From randomly selected plot plants, the total number of 
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filled and empty grains was counted according to the presence of grain in spikelet and the absence of grain in spikelet. The 

average number of filled and empty grains in each panicle was then determined. Each plot's 1000 grains from seed were 

counted and weighed using any digital balance. Weighing and complete sun drying were done on the grains from each plot. 

The dried weight of the grains was considered for the plot in order to calculate the total grain yield per plot, which was then 

converted into tons/hectare. Each plot's straw was weighed and carefully dried in the sun. The dried weight of the straw was 

considered while calculating the plot's final straw output before being converted to tons per hectare. Biological yield was 

defined as both grain yield and straw yield combined. The formula below was used to compute the biology. The biological 

yield of rice production is equal to the grain yield obtained plus straw collected from the rice field. It stands for the ratio of 

economic yield (grain yield) to biological yield. The rice crop's grain and straw yield was also used to generate the harvesting 

index, which was displayed as a percentage. The following formula was used to calculate it (Mariana & Hamdani 2016): 

 

𝐻𝑎𝑟𝑣𝑒𝑠𝑡 𝐼𝑛𝑑𝑒𝑥 (%) =
𝑔𝑟𝑎𝑖𝑛 𝑦𝑖𝑒𝑙𝑑

𝑏𝑖𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑
× 100                                                                                                                         (1) 

 

3.3. Statistical analysis 

 

The data of all parameters were statistically analyzed using the analysis of variance (ANOVA) and the significance of means 

among the treatments were compared using LSD (least significant difference) test at probability < 0.05. 

 

3.4. Economic analysis 

 

The production of hybrid and inbred rice was examined economically. The costs of chemicals, fuel, labor, seeds, fertilizers, 

and irrigation were among the variable costs. The gross, absolute, and relative profit metrics were calculated using the 

following formulas. In the conducted research, economic calculations were made according to the equations given below 

(Semerci 2020, 2021).  

 

Straw Income (PKR ha-1) = Straw Yield (kg ha-1) × Straw Sales Price (PKR kg-1) 

 

Product Revenue (PKR ha-1) = Product Yield (kg ha-1) × Product Sales Price (PKR kg-1) 

 

Total Revenue (PKR ha-1) = Product Revenue (PKR ha-1) - Straw Income (PKR ha-1) 

 

Production Cost (PKR ha-1) = Variable Costs (PKR ha-1) + Fixed Costs (PKR ha-1) 

 

Gross Profit (PKR ha-1) = Total Revenue (PKR ha-1) - Variable Costs (PKR ha-1) 

 

Net Profit (PKR ha-1) = Total Revenue (PKR ha-1) - [Variable Costs (PKR ha-1) + Fixed Costs (PKR ha-1) 

 

Benefit / Cost Ratio = Total Revenue (PKR ha-1) / Production Cost (PKR ha-1) 

 

4. Results and Discussion  
 

4.1. Crop growth and development characteristics  

 

Table 1 contains data on growth characteristics. The parameters under consideration were significantly influenced by both 

the hybrid and conventional varieties. 

 

4.2. Tillers 

 

The effective tillers/hill produced by the V5 and V22 were both high (16.0, 14) and statistically comparable. V20 showed 

little variation, whilst V24 had the lowest number (Table 2). Regarding non-effective rice tillers, inbred rice demonstrated 

the lowest number per hill (2), while the value (4) was higher for the hybrid V1. An essential element of rice productivity 

is productive tillers in the transplanted rice culture, the variety or hybrid with a low tillering capacity is not desired. 

According to the statistics on mean values for productive tillers/hills, all hybrids generated the same number of productive 

tillers/hills, with the exception of V19; hybrid V19 generated substantially more tillers per hill (16). These findings are 

confirmed by Uzzaman et al. (2015), who claim that hybrid rice has a high tillering capacity. Together with V24, which is 

second in producing the least number of productive tillers, V12 generated the least productive tillers (13). Due to their great 

tillering capacity, high yielding varieties (HYVs) may be to blame for the noticeable variances (Uphoff 2006). 
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Table 2- Crop growth and development characteristics 

 

Rice variety 
Seedling transplanted 

(No.) m-2 

Tillers mortality (No.)  

at 15-DAT 

Tillers (No.) Plant DM  

(g) effective un-effective 

Hybrid rice 

Ennova 08 (V1) 22 2 13 2 84.6 

Komal (V2) 21 3 15 2 92.1 

Guard 53 (V3) 23 2 13 3 84.6 

Winner 40 (V4) 22 1 14 2 92.1 

Ennova 55 (V5) 23 2 16 3 95.9 

Winner 05 (V6) 22 3 14 4 80.6 

winner 55 (V7) 24 2 13 2 95 

Bakhtwar 121 (V8) 22 0 13 3 91.6 

Bakhtawar 275 (V9) 23 1 14 3 79.3 

Dimond121 (V10) 22 3 14 3 92.1 

Tara 786 (V11) 22 4 15 2 79.3 

Thafuz 121 (V12) 24 1 13 2 80.6 

Red star (V13) 23 2 14 3 87.6 

Comrage (V14) 23 2 13 3 89.4 

Karshma (V15) 22 1 15 1 90.3 

Ashoka (V16) 24 3 14 1 93.1 

Shakar (V17) 22 3 15 2 90.8 

Anmol (V18) 23 4 15 3 78.3 

Royal (V19) 22 2 12 1 78 

Pukhraj (V20) 22 2 13 4 90.5 

Mean 22.55 2.15 13.9 2.45 87.29 

Inbred rice 

Shua 92 (V21) 22 2 12 3 72.3 

Shandar (V22) 23 1 14 2 70.4 

sharshar (V23) 23 2 14 2 72.7 

Irri-9 (V24) 22 3 12 4 69.8 

Mean 22.5 2 13 2.75 71.3 
 

DM: dry matter, DAT: days after transplanting. 

 

In this investigation, the vegetative phase of rice production took far longer. The tested hybrid varieties accumulated 

noticeably more dry matter at heading than the inbred due to robust vegetative growth at the intermediate growth stage. At 

the grain filling stage, a large amount of dry matter accumulated and remobilization of seed was activated. In terms of 

assimilate remobilization from shoot reserve in early planting, both the hybrids V5 and V16 significantly outperformed the 

elite inbred V24 (Table 1). Several other studies have reported a similar outcome (Wang et al. 2008; Ranawake & 

Amarasinghe 2014). Due to the prolonged vegetative lifetime caused by low temperature and the efficient source activity, 

dry matter accumulation was more in V5 at early planting. This indicates that the examined hybrid rice dry matter 

accumulation before heading was particularly thermo-sensitive. According to our study results, hybrids produce greater 

yields than modern inbred due to the accumulation of more dry matter before heading and its higher translocation into the 

growing grain during the filling stage. This outcome was comparable to that of (Ranawake et al. 2013). 

 

4.3. Plant height 

 

In terms of plant height, the examined cultivars varied statistically from one another. The inbred variety V22 generated 

plants that were statistically taller (96.4 cm) than all other treatment produced plants. However, as shown in figure 2, the 

hybrid V5 had a noticeable height (106.5 cm), which was far greater than V15 (81.2 cm), V13 (75.5 cm), and V20 (69.8 

cm). 

 

4.4. Root and shoot length 

 

Significant differences in shoot and root length were observed among the production of inbred and hybrid rice. At harvest 

(Figure 2), the smallest shoot was identified in V24 (54.1 cm), whereas the tallest shoot was identified in V5 (82.3 cm), 

which was statistically identical with V12 (78.1cm). The longest root was identified in V12 (21.3), which was statistically 

similar to V5 (19.6 cm), whereas the shortest root was identified in V24 (13.3 cm) as given in Figure 2. This might be 

because the cultivars reached their full maturity at harvest, and as a result, the roots stopped growing and began to 

deteriorate, resulting in shorter roots. In conventional rice, the plant root growth noticeably increased (Uzzaman et al. 2015); 

additionally, SRI had deeper roots than SMP. The simplest technique to increase a crop's rooting depth and root distribution 

is to lengthen the vegetative stage (Qados 2011). This can be accomplished by either delaying flowering or seeding early. 
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Figure 1- Plant Height, Root and shoot length of rice crop 

 

4.5. Leaf area index  

 

In comparison to inbred rice, hybrid rice has a much longer leaf area duration (LAD) and a quickly increasing LAI during 

vegetative growth. In all the examined rice seeds and planting dates up to heading, the LAI steadily rose, and for the most 

part, the differences are not statistically significant. However, at the heading stage, the highest LAI was obtained from V2 

(4.50), followed by V5 (4.20), and was substantially reduced in V17 (2.70). The inbred rice varieties V22 and V23 had the 

highest LAI (3.40), while V24 had the lowest LAI (3.10). This outcome shows similar results to that of Qados (2011) and 

Howlader et al. (2017) (Figure 3). 
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Figure 2- LAI of hybrid and inbred rice varieties at different DAT 
 

 

 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00
L

ea
f 

ar
ea

 i
n
d

ex
 (

L
A

I) Ennova 08

Komal

Guard 53

0.00

1.00

2.00

3.00

4.00

5.00

6.00

L
ea

f 
ar

ea
 i

n
d

ex
 (

L
A

I)

Winner 40

Ennova 55

Winner 05

0.00

1.00

2.00

3.00

4.00

5.00

6.00

L
ea

f 
ar

ea
 i

n
d

ex
 (

L
A

I)

winner 55

Bakhtwar 121

Bakhtawar 275

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

L
ea

f 
ar

ea
 i

n
d

ex
 (

L
A

I) Dimond121
Tara 786
Thafuz 121

0.00

1.00

2.00

3.00

4.00

5.00

6.00

L
ea

f 
ar

ea
 i

n
d

ex
 (

L
A

I) Red star

Comrage

Karshma

0.00

1.00

2.00

3.00

4.00

5.00

6.00

L
ea

f 
ar

ea
 i

n
d

ex
 (

L
A

I)

Ashoka)

Shakar

Anmol

0.00

1.00

2.00

3.00

4.00

5.00

6.00

L
ea

f 
ar

ea
 i

n
d

ex
 (

L
A

I) Roya

Pukhraj

0.00

1.00

2.00

3.00

4.00

5.00

6.00

L
ea

f 
ar

ea
 i

n
d

ex
 (

L
A

I)

shandar
sharshar
Irri-9
Shua 92



Abbas et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2024, 30(1): 131-144 

           139 
 

4.6. Chlorophyll content 

 

Rice grain output is primarily and actively photosynthesized by flag leaves (Uzzaman et al. 2015). Chlorophyll content 

reveals the leaves' capacity for photosynthetic activity (Swamy et al. 2016; Jagadish 2007). Hybrid rice, according to 

Chakrabarti et al. 2010), has more chlorophyll in its leaves. No distinction in leaf chlorophyll concentration was reported 

between hybrid and contemporary inbred types Haque et al. (2015). The amount of chlorophyll in flag leaves varied little 

between planting dates. It demonstrated that the hybrids under study possessed a higher flag leaf chlorophyll content as their 

distinctive traits. Flag leaf in hybrid rice has a better capacity for photosynthetic activity, according to Charkrabarti et al. 

(2010). In contrast to the inbred, the hybrid showed a decreased single-leaf photosynthetic rate at the grain filling phase, 

according to Cui et al. (2014). 

 

The Flag leaf chlorophyll characters were studied based on twenty-four hybrid and conventional rice varieties in the 

naturally environmental system of Sindh province; however, significant results were identified in flag leaf chlorophyll. The 

hybrid and conventional rice varieties synthesized a higher amount of chlorophyll at 7, 15, 21 and 30 th different DAT. The 

results obtained from both inbred and hybrid rice production were compared on 7th and 30th DAT. In hybrid rice, V19 at the 

7th DAT showed least levels of chlorophyll (1.67 mg/g), whereas V1 showed higher levels of chlorophyll (2.87 mg g−1). 

Whereas conventional rice Varieties at the 7th DAT showed the least level of chlorophyll in V24 (1.11mg/g), V22 showed 

higher chlorophyll levels (1.46 mg/g). However, at the 30th DAT, the V7 showed minimum levels of chlorophyll (0.70 

mg/g) and V20 showed the maximum levels of chlorophyll (0.98 mg/g). Overall, V20 had high leaf chlorophyll as when 

compared to the other experimental treatments. While the conventional rice varieties (V21, V22) showed similar trends in 

Chlorophyll (0.72mg/g) at 30th DAT 7th DAT, which is less then hybrid Varieties. While V24 showed least significant 

results of leaf chlorophyll as compared to other conventional varieties. The total amount of chlorophyll in a flag leaf was 

largely unaffected by the environment. Additionally, there were variations between observations. According to some 

theories, the amount of chlorophyll in leaf tissues may vary depending on a plant's age, species, and growth season (Ramesh 

et al. 2002). 

 

 
 

Figure 3- Comparison of total leaf chlorophyll (mg/g) among hybrid and inbred rice varieties 

 

4.7. Yield attributing characters 

 

Table 3 displayed the grain yield characteristics of the experimental cultivars at various planting dates. The number of days 

of rice flowers differs significantly. Hybrid varieties V10 and V18 showed early flowering (55 and 64 days, respectively), 

and V5 showed late flowering (60 and 65 days, respectively) (Table 3), while the inbred types of rice V21 (55 days and 60 

days respectively). Regardless of the distance between transplants, the rice plant reached 50% flowering as the age of the 

transplanted seedling gradually decreased (Ram et al. 2014). The 8 days seedling transplantation showed early flowering 

(5-8 days) before 25-day old seedling transplanting. This might be the result of older seedlings taking longer than younger 

seedlings to initiate panicles due to slower growth in the main field (Uzzaman et al. 2015). This outcome is comparable to 

the research being discussed in this experiment. 
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In comparison to the predicted 105-day harvest period, the hybrid rice variety V4 matured and was ready for harvest at 

90 days. Similar to V2, V3, V1, V5, V6, V7, V8, V9, V10, V11, V12, V13, V14, V15, V16, V17, V18, V19, and V20, 

which had a difference in maturity days of 11, 14, 13, 13, 8, 9, 6, 10, 8, 9, 8, 10, 11, 9, 8, and 7, while conventional rice 

varieties V21, V22, V23, and V24 had minimum days to maturity of 8, 8, 8, and 15, respectively. Under best management 

practices, traditional rice is harvested and ripe before the maturity period advised by the relevant released organization. 

Regarding paddy production, panicle length is also a crucial characteristic. In terms of panicle length, V4 and V10 had the 

longest panicles, measuring 27.2 cm, while V5 had the shortest panicles, measuring 26.5 cm. V24 and V20 were found to 

have the lowest value for panicle length among inbred and hybrid plants at 23.2 cm; V16 had the longest panicle length at 

29 cm. The research study Idikut et al., (2009) identified various factors affecting the growth and the length of panicles 

under various crop production circumstances (Kim et al., 2012). 

   

The highest number of filled grains per panicle (379) was identified in V5, while  for the inbred the highest number of 

grains per panicle (285) was identified in V21, and the lowest number (190/panicle) was identified in V24 (Table 2). This 

outcome is consistent with that of Dutta et al. (1998), who found that the amount of grain per panicle affected yield. 

Maximum was discovered in V22 (33/panicle), which was statistically identical with V7 (26/panicle), while the minimum 

number of unfilled grains per panicle (12) was found in V14, which was statistically identical with V15 (15/panicle) and 

V16 (14/panicle) (Table 3). Similar findings were made by Dutta et al. (1998), who also noticed a wide range of 

changeability in the number of empty grains per panicle. The rice variety V14 had the longest seeds, measuring 9.2mm, 

while V24 had the shortest, measuring 6.21mm. 

 

Table 3- Determination of yield characteristics of hybrid and inbred paddy varieties  
 

Rice variety 
Avg. Days to 

flowering 

Average 

DAT to 

harvest 

No. of 

panicle 
Panicle length (cm) 

 

Grains per 

panicle 
Per plant Per m2 

Filled 

grains 

Unfilled 

grains  

 

 Hybrid rice 

Ennova 08 63 92 13 286 24.2 267  25 

Komal 64 94 15 315 25.3 269  20 

Guard 53 64 91 13 289 24.1 272  23 

Winner 40 62 90 14 308 27.2 268  25 

Ennova 55 65 92 12 276 26.5 379  24 

Winner 05 61 97 14 310 25.5 274  22 

Winner 55 59 96 13 312 24.3 312  26 

Bakhtwar 121 63 99 13 290 25.2 305  24 

Bakhtawar 275 62 95 14 310 25.3 260  17 

Dimond121 64 96 14 318 27.2 270  19 

Tara 786 57 97 16 319 24.5 265  18 

Thafuz 121 60 96 13 312 25.3 270  20 

Red star 57 97 14 320 24.2 281  18 

Comrage 61 95 13 305 25.5 285  12 

Karshma 58 95 17 320 26.3 280  15 

Ashoka) 62 94 14 315 24.3 268  14 

Shakar 63 96 15 317 24.3 272  25 

Anmol 64 97 15 322 23.5 268  17 

Roya 59 96 16 321 23.7 285  17 

Pukhraj 60 98 13 286 23.2 285  20 

Mean 61.4 95.15 14.05 307 24.98 281.75  20.05 

 Inbred rice 

Shua 92 60 97 12 264 27.1  285 20 

Shandar 58 97 14 322 24.1  280 33 

Sharshar 61 97 14 322 26.4  275 15 

Irri-9 55 90 12 260 23.2  190 18 

Mean 58.5 95.25 13 292 25.2  257.5 21.5 

 

Among the traditional rice varieties, V22 produces maximum 1000-grain weight (20.6 g), which gave lower crop yield; 

the maximum 1000-grain weight (35.2 g) was observed in hybrid V5 (Table 4). The lowest amounts (12.7g) and (6.2g) were 

identified in V8 (hybrid) and V24 (inbred), respectively, which were statistically like V10's (16.4g) as given in Table 3. The 

thickness and length of rice were found to favorably correlate with the weight of 1000 grains (Coronel et al. 1984). The 
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variance in the weight of 1000 grains may be caused by the genic basis of rice strength. Table 3 showed that the V5 had the 

highest grain yield (4.51 t/ha), whereas V10 and V12 had the lowest (2.42 t/ha), while conventional rice yields the most 

grain (2.95 t/h). Compared with V22, the hybrid rice produced more grain yield per hectare than the conventional rice, as 

evidenced by the lowest (2.52t/h) grain yield also achieved from V24 (Howlader 2017). The rice variety V5 had the highest 

straw yield (7.1 t/ha), while the conventional rice variety V24 showed the lowest (5.2 t/ha). This outcome is consistent with 

that of Ndour et al. (2016), who found that plant height could influence straw yield. Maximum biological yield was 

discovered in V5 (11.61 t/ha), and minimum biological yield in V24 (7.92 t/ha). Compared to all conventional rice varieties, 

the biological yield of the V5 hybrid rice variety was 21.81% higher. The rice's grain yield and biological yield were 

favorably connected. Hybrid variety V15 had the highest harvest index (39.3%), while V24 had the lowest (35.5%). In 

comparison to V8, V9, and V24, hybrid rice variety V18 showed a higher harvest index. Amanullah and Inamullah, (2016) 

also noted that hybrid cultivars had greater harvest indices than inbred varieties. 

 
Table 4- Performance of hybrid and inbred paddy varieties along with different parameters 

 

Rice variety 
Grain length 

(mm) 

1000 grain 

weight (g) 

Grain yield  

(t ha-1) 

Straw yield (t 

ha-1) 

Biological yield  

(t ha-1) 

Harvest index 

(%) 

Hybrid rice 

Ennova 08 7.3 30.5 3.54 6.2 9.74 35.1 

Komal 6.8 23.3 2.62 5.4 8.02 36.3 

Guard 53 8.1 20.5 2.52 6.2 8.72 35.5 

Winner 40 7.4 25.4 2.98 5.4 8.38 37.3 

Ennova 55 8.3 35.2 4.51 7.1 11.61 36.8 

Winner 05 7.76 25.4 3.15 6.2 9.35 37.2 

Winner 55 8.24 22.8 2.57 5.4 7.97 35.6 

Bakhtwar 121 8.97 25.8 3.05 5.4 8.45 38.3 

Bakhtawar 275 6.9 12.7 2.48 6.5 8.98 36.5 

Dimond121 8.5 16.4 2.42 6.2 8.62 36.8 

Tara 786 8.11 19.5 2.52 5.4 7.92 38.6 

Thafuz 121 7.76 18.3 2.42 6.3 8.72 35.5 

Red star 7.87 23.5 2.73 6.2 8.93 37.8 

Comrage 9.21 28.6 3.32 5.4 8.72 39.1 

Karshma 7.89 29.3 3.45 6.3 9.75 39.3 

Ashoka 8.32 13.7 2.62 6.5 9.12 38.3 

Shakar 8.21 25.4 3.13 5.3 8.43 36.9 

Anmol 9.15 25.1 2.98 6.5 9.48 38.6 

Royal 7.91 25.5 2.88 5.3 8.18 38.5 

Pukhraj 8.32 25.8 3.31 6.2 9.51 37.8 

Mean 8.051 23.635 2.96 5.97 8.93 37.29 

Inbred rice 

Shua 92 8.85 19.2 2.49 6.3 8.79 38.5 

Shandar 9 20.6 2.95 6.2 9.15 38.6 

Sharshar 9.2 19.3 2.84 6.3 9.14 37.4 

Irri-9 6.21 12.7 2.52 5.4 7.92 35.5 

Mean 8.315 17.95 2.7 6.05 8.75 37.5 

 

4.8. Economic analysis 

 

The economic analysis of production of hybrid and inbred paddy cultivars was carried out (Table 5). The overall fixed and 

variable costs served as the foundation for the economic inputs of different paddy cultivars. However, the costs of chemicals, 

gasoline, labor, fertilizer, seed, irrigation water, repair, energy, maintenance, and revolving interest are included in the 

variable costs. This does not include the fixed costs, which include general administrative costs, land value interest, 

irrigation machine and tool interest, depreciation value, facility cost amortization, and facility capital interest (Aslam et al., 

2020). 
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Table 5- Economic analysis of hybrid and inbred rice varieties 

 

Cost indicators  
PKR/quantity  

(inbred/hybrid) 
Quantity 

Inbred paddy 

(PKR) 

Hybrid paddy 

 (PKR) 

1. Nursery preparation 

Land ploughing (ha-1) 8000 4 32 000 32 000 

Seed (Kg) 3000/4500 40 120 000 180 000 

Fertilizers-organic (trolley) 2500 5 12 500 12 500 

Irrigation (h-1)  1150 22 25 300 25 300 

Fertilizers (Bags) 3000 1.5  4 500 4 500 

Labor hours 300 42 12 600 12 600 

Total      206 900 266 900 

2. Field paddy transplantation 

Land ploughing (ha-1) 8000 5 40 000 40 000 

Fertilizers (Bags) 18000 2.5 45 000 45 000 

Irrigation  1150 16 18 400 18 400 

Transplanted charges (h-1) 1800 7 12 600 12 600 

Skilled labor hours 500 7 3 500 3500 

Total      119 500 119 500 

3. Spraying and chemicals application 

Sprays (liquid) 7500 4 30 000 30 000 

Chemical (Powder/granular) 1500 3 4 500 4 500 

Labor hours 500 60 30 000 30 000 

Total     64 500 64 500 

4. Irrigation and fertigation  

Irrigation charges  1150 85 97 750 97 750 

Fertilizers (Bags) 18000 6 108 000 108 000 

Labor hours 300 90 27 000 27 000 

Total     232 750 232 750 

5. Harvesting 

Combine harvester (h-1)   5500 3 16 500 16 500 

Skilled labor hours 500 8 4 000 4000 

Total   20 500 20 500 

Total Variable Cost   694 150 754 150 

Fixed Cost (land rent)   50 000 50 000 

Total cost (ha-1)                                                    744 150        804 150 

6. Crop yield 

Grain yield (kg h-1)   3 096 3 780 

Grain Revenue   6 037 200 9 639 000 

Straw yield (kg ha-1)   5 200 6 200 

Straw revenue (PKR ha-1)   31 200 37 200 

Total revenue   6 068 400 9 676 200 

Total production cost (PKR ha-1)   744 150 804 150 

Gross Profit   5 374 250 8 922 050 

Net Profit   5 324 250 8 872 050 

Benefit cost ratio (BCR)   8.15 12.03 

 

The manual labor was engaged for planting, plant care, harvesting, and clean-up, while the tractor power or electric 

power was used to run agricultural machines for the manufacturing of rice. According to Noor et al. (2020e), the economic 

inputs to produce hybrid rice and inbred rice are largely based on total fixed and variable costs. The fixed costs included 

general administrative costs, interest on land value, interest on irrigation machine tool depreciation value, amortization of 

facility costs, and facility capital interest. 

 

The variable costs included the costs of chemicals, fuel, human labor, seed, fertilizers, irrigation water, and electricity. 

For the purpose of calculating gross, absolute, and relative profit indicators, the following formulas were utilized (Noor et 

al. 2020f; Zhanbota et al. 2021). Hybrid rice production had a maximum BCR of 12.03 compared to inbred rice production's 

(8.15), which demonstrated that hybrid rice was more profitable to sow because it produced a higher yield, as well as other 

economic advantages. The highest total production costs were measured in inbred rice production at 744 150 PKR per 

hectare, while the hybrid rice production at 804 150 PKR per hectare (Zhanbota et al. 2022). 

 

5. Conclusions 
 

The development of high-quality varieties of rice, including early and late maturing varieties, hybrid and conventional rice 

varieties are needed to sustain global agricultural production. For this reason, the present study evaluated the different 

agronomical traits under the natural opening field at Larkana Sindh Pakistan. The tested hybrid and inbred rice varieties 

showed different responses toward adoptability, morphological growth, and yield characteristics. Broad variations have 

been found in these agronomic characters. Hybrid rice development has higher crop yield as compared to inbred varieties. 
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To meet the feeding requirement of the glowing global population there is need to produce new hybrids. From this study’s 

results, it can be concluded that the Ennova-55, Winner-05 and Ennova-08 are at ensuring productive yields than inbred 

varieties. The results of our study indicate that the hybrid rice varieties can be adopted in Pakistan for sowing and increasing 

the productivity due to higher production. These hybrids rice varieties can be developed and further utilized in breeding 

programs. Further research work should be carried out to validate the results and adoptability of hybrid rice production. The 

economic analysis shows that hybrid rice production had a maximum BCR of 12.03 when compared with inbred rice 

production (8.15), which demonstrated that hybrid rice production is more profitable because it produces a higher yield and 

further economic advantages for rice growers.  
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ABSTRACT 
Populations of the species Artemia (Brine shrimp) in saltworks have 

become a popularity popular field of study for aquaculture for its 

significance for aquatic ecosystems as being an important source of 

sustenance for water birds in hypersaline food webs. Besides, species in 

the genus Artemia are the intermediate host of severe cestode species 

which are associated with flamingos. This study reports on the prevalence 

of native Artemia parthenogenetica parasitism of Flamingolepis 

liguloides in the Çamaltı saltern ecosystem in the Gediz wetland between 

January and December 2022 in Türkiye. Infected A. parthenogenetica 

was sampled from April to September 2022 in salt pans where flamingo 

birds and salt production are available for parasitological diagnosis. The 

parasites were determined in the abdomen, thorax and near the gut tract 

of A. parthenogenetica. The highest prevalence of parasite was found in 

juvenile individuals as 86.67±1.45% and adults as 76.06±1.16% in May. 

The main intensity was varied from 1.18±0.01 to 1.92±0.06 parasites per 

infected host depending on the sampling months and age of the brine 

shrimp. The most abundant parasite infestation was recorded as 1.44±0.02 

parasites per investigated host in juvenile brine shrimp in June since 

seasonal conditions are favorable for such infestation.  

 

Keywords: Aquaculture, Brine shrimp, Avian, Parasitism, Solar saltworks, Wetlands, İzmir, Türkiye 

 

 

1. Introduction 
 

The cosmopolitan brine shrimp Artemia (Branchiopoda, Anostraca) is one of the most studied aquatic organisms based on its 

broad use in ecotoxicology, ecology, developmental and evolutionary biology, feeding of aquatic organisms and the extensive 

use in the aquaculture industry (Büke 2002; Kırkağaç et al. 2017; Kaska 2019). Very saline waters, i.e. hypersaline waters, are 

unique extreme habitats where salinity limits species richness. There are major patterns of relationship between salinity and 

species richness of free-living aquatic animals in such ecosystems, but general regularities for parasitic organisms have yet to be 

established. All 85 species and forms of parasites found in hypersaline waters belong to five phylum: Platyhelminthes, Nematoda, 

Acanthocephala, Cnidaria and Arthropoda. Platyhelminthes is the most diverse and species-rich branch of the Cestoda class. 

Most species are found in hypersaline waters with salinities not exceeding 100 g/L. The total number of parasite species decreases 

exponentially with increasing salinity due to cellular osmotic stress in the organism. For this reason, the number of free living 

animal species living in waters with salinities between 35 and 210 g/L is approximately 12 times higher than that of parasites in 

all ranges of this salinity range. Salinity affects parasite richness and composition in two ways: directly and through the 

availability of hosts. Free-living crustaceans are the suitable hosts of most parasite species in hypersaline waters. The Artemia 

species, the most halotolerant, is a good intermediate host for 22 species and unidentified parasite forms (Kornyychuk 2023). 

The Artemia species are reported as the keystone taxon in hypersaline food webs with different status; they are the main prey of 

aquatic birds, the intermediate host for several parasite species and the primary consumer of phytoplankton in the ecosystem 

(Georgiev et al. 2005; Sánchez et al. 2006; Vasileva et al. 2009; Rode et al. 2013 a,b). Specifically, brine shrimps are stated as 

the main prey of breeding flamingos (Britton & Johnson 1987; Bechet & Johnson 2008) and then brine shrimps are also reported 

as intermediate hosts of parasite cestodes.  

 

In the scientific record, the first description of a cysticercoid in Artemia species was reported approximately 100 years ago 

(Heltdt 1929). There are now 22 cestode species from the genus Artemia (Redón et al. 2020). Five of these species belong to the 

genus Flamingolepis (Cyclophyllidea, Hymenolepididae) (Maksimova 1979) with F. liguloides (Gervais 1847) being the most 

common (Amarouayache et al. 2009). The first invasion of Artemia sp by larval forms of cestoda was reported from Tunisia 

(Heltdt 1929), then many other countries, such as Spain (Amat et al. 1991a,b; Sánchez et al. 2013), France (Gabrion & 

MacDonald 1980; Thiery et al. 1990), Italy (Mura 1995) and Türkiye (Koru 2022). The parasites spread to the birds with the 

about:blank
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trophic transmission when feeding on infected Artemia species (Sánchez et al. 2013). It then develops into mature worms in the 

digestive tract of birds and the eggs of the adult parasite spread around the environment via the faeces of the main host 

(Amarouayache et al. 2009). 

 

In this study, after the detection in 2018 (Koru 2022), the spread of the Flamingolepis liguloides (Gervais 1847) parasite in 

A. parthenogenetica (Barigozzi 1974) in the Çamaltı saltern ecosystem was investigated. The study aims to determine the 

temporal dynamics of bird parasites by means of A. parthenogenetica in the hypersaline saltworks ecological system, which is 

of great importance for wildlife. The area is also the breeding ground of flamingos and the results of this study reveal the presence 

of this parasitism in the Eastern Mediterranean. 

 

2. Material and Methods 
 

2.1. Study area 

 

The study was performed in Çamaltı Saltern (Bird sanctuary biological area of İzmir), which is the largest sea-sourced saltworks 

in Türkiye, established in the Gediz River basin (Gediz wetland), 28 km away from Izmir. The size of the study area is 60 square 

kilometers, with a water depth of 1- 4 m and located at 38º 30ˊ 18ʺ N, 26º 54ˊ 55ʺ E district. The connection of the saltpan to the 

Aegean Sea is provided by pumps installed on the main channel. Thus, sea water can be gradually distributed to the sea salt 

crystallization pools and the wider area. Since the production and salt formation was finished in every October, the mechanical 

system that provides the water circulation was stopped. For this reason, there was no sea water inlet and outlet in the saltpans 

during the off season. 

 

2.2. Sample collection and laboratory examinations 

 

Brine shrimp (A. parthenogenetica) samples were collected monthly using a plankton net (125 µm mesh size) from three different 

salt pans of the Çamaltı Saltworks (38°30´12.73" N, 26°54´12.94" E) (Figure 1) from January to December 2022. The salinity 

parameters of the saltpans were measured using a refractometer (ATAGO Master-S28M, Tokyo, Japan), while the water 

temperature, oxygen and pH levels were measured using a multi-parameter probe (YSI ProQuatro, Ohio, USA) and recorded 

monthly during every sampling time at each sampling salt pans.  

 

 
 

Figure 1- Geographical situation of the study area at Çamaltı saltern 

 

The identification of the brine shrimps was carried out according to Brawne et al. (1991). The collected brine shrimp samples 

were washed with sterile physiological saline water and directly fixed in 3% formalin and preserved in 70% ethanol. The samples 

were mounted in temporary glycerol mounts and the mounted slides were examined under a light microscope (Olympus 

CX22RFS1) and parasites in the individual brine shrimp were counted. For each age group, 50 adults and 50 juvenile specimens 

were studied from each sampling station for every sampling month (a total of 150 brine shrimp specimens were studied for each 

age groups in every sampling months). Species identification of F. liguloides were performed according to Georgiev et al. (2005) 

and Redón et al. (2015) with oval cyst, elongated rostellar hooks and sucker hooklets, oval or round suckers. The prevalence, 

intensity and abundance of infection by month and host stages were calculated as follows (Bush et al. 1997): 

 

 

𝑃𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 (%) =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 ℎ𝑜𝑠𝑡𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑥𝑎𝑚𝑖𝑛𝑒𝑑 ℎ𝑜𝑠𝑡𝑠
𝑥100                                                                                                                (1) 
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𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 (𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑒𝑠 𝑝𝑒𝑟 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 ℎ𝑜𝑠𝑡) =  
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑒𝑠 𝑟𝑒𝑐𝑜𝑟𝑣𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑥𝑎𝑚𝑖𝑛𝑒𝑑 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 ℎ𝑜𝑠𝑡𝑠
               (2) 

 

𝐴𝑏𝑢𝑑𝑎𝑛𝑐𝑒 (𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑒𝑠 𝑝𝑒𝑟 𝑒𝑥𝑎𝑚𝑖𝑛𝑒𝑑 ℎ𝑜𝑠𝑡) =  
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑒𝑠 𝑟𝑒𝑐𝑜𝑟𝑣𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑥𝑎𝑚𝑖𝑛𝑒𝑑 ℎ𝑜𝑠𝑡𝑠
                    (3) 

2.3. Statistical analysis 

 

A comparison of the prevalence, intensity and abundance in juvenile and adult brine shrimp were performed using one-way 

ANOVA, followed by Duncan’s multiple comparison post-hoc test to determine the significance of mean prevalence, intensity 

and abundance between age groups in monthly. Investigations in the study were repeated three times. An alpha level of 0.05 was 

used to determine the significance (P<0.05). Data are expressed as means ± standard error (SE). The statistical analysis was 

performed using SPSS (version 23.0) software.  

 

3. Results 
 

The physicochemical and biological characteristics of wetlands may differ depending on the seasonal climatic conditions of that 

year. These differences also affect the characteristics of the entire life cycle in the ecosystem. Some important water parameters, 

such as pH, oxygen, and water temperature and salinity were recorded monthly in the salt pans where brine shrimp specimens 

were collected. These can be seen in Figure 2. During the study, pH, oxygen, temperature, and salinity values varied between 

6.30±0.17-9.30±0.06, 3.90±0.06-8.07±0.07 ppm, 3.93±0.07-34.33±0.33 °C and 30.00±1.15-265.00±2.89%, respectively. The 

highest water temperature was observed in July and the highest salinity in September. The salinity changed significantly in the 

off season due to seasonal rainfall, and the production time of salt changed due to the water pumping from the sea to salt pans 

as well as evaporation. This made it impossible to collect brine shrimps throughout the entire year. 

 

 
 

Figure 2- Detected annual water parameters from saltern area 

 

The parasites were found in brine shrimp for five months, probably depending on abundance of great flamingos in wetland, 

the climate conditions and water regime. According to information received from ornithology experts, the number of migratory 

flamingo birds that came to the water in 2022 increased by 5x103 individuals in comparison to the previous year of 2021. This 

means an increase in the transmission rate of the parasite through migratory flamingos, according to the results in the literature 

reports (Amarouayache et al. 2009). This causes a high population in flamingos due to the suitability of positive climate 

conditions and due to the suitable for biological conditions in the water. It has been determined that this causes an increase in 

ecosystem compared to previous years. F. liguloides infection was recorded from both juvenile and adult A. parthenogenetica 

individuals between May-September 2022. Brine shrimps were sampled from January to December 2022. The first infectation 

was detected in May in both juveniles and adults’ examples. The main prevalence was found to be higher in juveniles than adult 

brine shrimps (df=9, F=494.35 p=0,00) (P<0.05) in May and June. The monthly prevalence of infestation is presented in Figure 

3. The highest prevalence was detected as 86.67±1.45 % for juveniles and 76.06±1.16 % for adult brine shrimp specimens in 

May. A maximum of 7 and 4 cysticercoids were determined in infected adult and juvenile individuals, respectively. The mean 

intensity varied from 1.27±0.01 to 1.73±0.01 parasites per infected host in juveniles and from 1.18±0.01 to 1.92±0.06 parasites 

per infected host in adult brine shrimp. While the highest intensity value of juveniles was observed as 1.73±0.01 parasite per 

infected host in August, the highest intensity of adult brine shrimp was detected as 1.92±0.06 parasite per infected host in 

September. Differences in the intensity values of juveniles and adults are presented in Figure 4 (df=9, F=35.1, P=0,00). The 

mean abundance ranged between 0.82±0.02 and 1.44±0.02 parasite per investigated host in juveniles, 0.90±0.01 and 1.24±0.03 
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parasite per investigated host in adult brine shrimp. While the highest abundance of juveniles was detected in June, the highest 

abundance of adult brine shrimps was calculated in July. Differences between the mean abundance values of juveniles and adults 

were found to be statistically important (P<0.05) in all parasitism observed months (df=9, F=305.32 p=0,00) (Figure 5).  

 

 
 
Figure 3- Monthly mean prevalence in juvenile and adult brine shrimps. (JAN, FEB, MAR, OCT, NOV, DEC) brine shrimp 

samples were not available. (MAY, JUN, JUL, AUG, SEP) in which the parasite was detected. Different letters indicate 

statistically differences at P<0.05 and error bars represented. 

 

 
 

Figure 4– Monthly mean intensity in juvenile and adult brine shrimps. Egg&nauplii stage (JAN, FEB, MAR) brine shrimp 

samples were not available because of the end times of salt production. (OCT, NOV, DEC) parasitism was not detected (Salt 

production ponds were emptied because salt production ended. For this reason, there are no living things in the ecosystem). 

Different letters indicate statistically differences at P<0.05 and error bars represented SE. 
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Figure 5– Monthly parasitism abundance in Çamaltı salt pans Brine shrimp samples were not available (JAN, FEB, MAR). 

Egg&nauplii stage; Monthly mean abundance in juvenile and adult brine shrimps (MAY, JUN, JUL, AUG). Parasitism was 

not detected (OCT, NOV, DEC). Different letters indicate statistically differences at P< 0.05 and error bars represented SE. 

 

4. Discussion 
 

The first reported parasitic infection of this species in Artemia from the Mediterranean region was recorded by Robert & Gabrion 

(1991). This study was carried out to determine the new status of the parasites of the Artemia species in the Çamaltı Region, 

Türkiye's largest sea salt ecosystem, compared to previous years. (Koru 2013; 2022). Field data were evaluated to determine the 

prevalence and seasonal effects of F. liguloides, which infects the A parthenogenetica host brine shrimp. The brine shrimp 

Artemia has been reported to be a non-selective filter feeder (Sánchez et al. 2013). Thus, the Artemia species have been feeding 

on all kinds of microorganisms, including detritus in the water column (Sánchez et al. 2007; Savage & Knott 1998). The Artemia 

species engulf the cestode eggs, which are called oncosphere (20 µm) and become cysticercoid (larva with scolex), into the 

hemocoel (Amarouayache et al. 2009; Robert & Gabrion 1991; Sánchez et al. 2007). The parasitism of Artemia sp. could be 

related to the existence of flamingos and relationship with the ecosystem. Therefore, the F. liguloides parasitism period is varied 

according the location of habitats. It was reported in A. salina from a wetland from Northeast Algeria at the end of winter 

(February/March), whereas the population of a second wetland area in Algeria was infected in spring (April/May) 

(Amarouayache et al. 2009). The parasite infection of A. parthenogenetica in Türkiye, was first recorded by Koru in 2022 (2022). 

This variation in the infection period was associated with the increase in the flamingo population density and the migratory 

behaviour of flamingos in wetland areas. Similarly, the parasitism of F. liguloides can be explained by the presence of flamingos 

at the same time in the Çamaltı Saltern area. The saltpans of Çamaltı are the breeding site of flamingos and the site has become 

a regular and important breeding region in Türkiye since 2000 (Balkız et al. 2015). The greater flamingos can be observed in 

this area between March and August. Egg-laying generally occurs between mid-April and early May. Flamingo populations 

consist of 45% of ringed birds in Türkiye. These birds migrate to 16 different countries along the western and eastern 

Mediterranean Basin and West Africa. It has been reported that most of the Çamaltı flamingo population consist of migratory 

flamingos from the Mediterranean basins (France, Italy, Spain) (Balkız et al. 2015). It may be that the migratory dynamics of 

the flamingo population make it possible to transport cestode parasites between these basins. 

 

We observed high cestode infections with high prevalence (up to 86.67±1.45%) between the late spring and summer season 

in the Çamaltı Saltwork populations of A. parthenogenetica. The mean intensity and abundance were calculated up to 1.92±0.06 

parasite/per infected host and a mean abundance of 1.44±0.02 parasite/per investigated host respectively. Some former studies 

reported a lower prevalence rate than this study; Mura (1995) reported a cestode parasitism (F. liguloides) in an Artemia sp. 

population from south-western Sardinia with 3% prevalence and 1.09 mean intensity. Sánchez et al. (2013) reported cestode 

parasitism with 43% prevalence, 1.39 intensity and a 0.6 abundance score in June from the Odiel Saltpans - Southwest Spain, 

and with 63% prevalence, 1.53 intensity and 0.97 abundance in April from Salinas de Cerrillos-Spain. On the other hand, 

Georgiev et al. (2007) reported a cestode parasitism with high prevalence (89%) from Salinas Portuguesas, Cádiz Province, 

Spain. The parasitism intensity was a reported variable; less than 3 cysticercoids per individual in Algeria (Amarouayache et al. 
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2009), 13 in the populations of Spain (Georgiev et al. 2005) and around 9-11 in France (Gabrion et al. 1990). Sánchez et al. 

(2013) reported multiple cysticercoid infections of around 2-4, with a maximum of fourteen. At the start of September, salt 

harvesting begins in the Çamaltı saltworks, which means that the use of circulation pumps that provide water circulation in the 

ecosystem are discontinued. This means the period when all water inflows and outflows from the wetland cease. Therefore, the 

circulation of Artemia and the aquatic parasite end. Due to physicochemical and biological changes such as increasing salinity 

and decreasing nutrient content in the water, the possibility of encountering parasites in salt pans is negligible. 

 

In this study, as in the results obtained by Koru in his 2018 study, a total of 7 and 4 cysticercoids were detected at most in 

adult and juvenile individuals, respectively (Koru 2022). According to Thiery et al. (1990), the accumulation of the cysticercoids 

would be associated with the age and the body size. It is indicated that Artemia larval instar III-IV can feed 25-30 µm diameter 

particles; however, F. liguloides eggs which are 40-50 µm in size may only be ingested by adult Artemia individuals (Mura 

1995). The location of the cysticercoids was, for the most part, found in the thorax and abdomen in this study. However, they 

were typically located in the abdomen of adults in the saltworks of Sardinia (Mura 1995). Thiery et al. (1990) remarked that, the 

location of the cysticercoids is related to the volume of the hemocoel and the distribution is relevant to the allometric changes 

during the growth stage of the Artemia. In nature, individuals of A. parthenogenetica make vertical migrations; generally, are 

found 75% in the bottom of the water columns during the day and in the other 25% at night, (Sánchez et al. 2007) and generally 

shows strong negative phototaxy and positive geotaxis (Sánchez et al. 2007). Nevertheless, this infection changes the proportion 

of time that is spent at different depths (Sánchez et al. 2007, 2013). In addition, parasites increase the buoyancy and make Artemia 

swim on the surface of the water which facilitates predation by water birds (Thomas et al. 1997; Helluy & Holmes 2005; Curio 

1988; Amarouayache et al. 2009). Sánchez et al. (2007) studied the effects of cestode parasitism on the behaviour of A. 

parthenogenetica and reported that 86% of the uninfected Artemia showed positive geotaxis whereas 53% of infected Artemia 

showed surface-swimming behaviour (negative geotaxis). Infected brine shrimps become photophilous and their surface-

swimming movement can be observed. This action facilitates to be realized by the final avian host and make parasite transmission 

easier. Infected brine shrimps become photophilous and their surface-swimming action can be observed (Figure 6). Cestodes 

that are known to alter the action of their Artemia in ways that give the parasite a better home, or provide more nutrients, or 

cause the host to move to a different environment, and in doing so improve its own transmission, are going to be favoured by 

natural selection. Behaviours such as these mentioned would contribute to increasing the chance of the infected brine shrimp 

being consumed by a flamingo. In this study, the F. liguloides infestation which was observed in A. parthenogenetica as a vector 

demonstrates a similar example. Parasitic castration and colour change from transparent to red is known to be observed in infected 

brine shrimp to benefit the parasite in addition to behavioural manipulation making Artemia more susceptible to predators also 

hypothesize that the parasitic infection increases the brine shrimps’ lifespan, time spent at the water surface, and that the 

castration is to prevent the shrimps from spending time with sexual reproduction (Amat et al. 1991; Rode et al 2013; Sánchez et 

al. 2006).  

 

 
 

Figure 6- Artemia parthenogenetica individuals swimming towards the water surface infected with parasite carried by 

flamingo birds. (A-B-C-D-E-F). Cysticercoids of Flamingolepis liguloides (Gervais 1847) in the brine shrimp (Artemia 

parthenogenetica). A) Parasitic cyst in the Artemia caudal furca, B) Isolated parasitic cyst, C) Cysticercoid in the abdomen of 

the host, D) Cyts of F. liguloides in Artemia thorax, E) Cysticercoids of F. liguloides from A. parthenogenetica rectum, F) 

Parasitic cyts of F. ligulepis in A. parthenogenetica rectum (The photo was taken by Edis Koru in May-September) 
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5. Conclusions 
 

Brine shrimp Artemia species are live food most commonly used in aquaculture production. It is the first nutrient in the larval 

stage of many aquaculture applications. Therefore, it is a zooplankton that should be used very carefully microbiologically. This 

species carries factors that can cause many aquaculture-related diseases. For this reason, it is necessary to know the factors that 

may cause pollution in the ecosystems in which Artemia grows. There is a strong link between parasitic parasitism in flamingos 

and Artemia. There is a noticeable connection based on nutrition between Artemia, at the bottom of the food pyramid, and the 

Flamingo, at the top. Through this relationship there is a risk of parasite contamination to fish with the relationship of Artemia, 

which is an important zooplankton in aquaculture nutrition. For this reason, biological events occurring in wetlands are and must 

continue to be researched and recorded. It is important to have data and records on all biological characteristics of a wetland that 

is the habitat of Artemia. The life cycle that takes place in wetlands every year depending on many natural factors shows us the 

situation of encountering different data. In addition, these data on the subject are among the first records of research findings on 

this geographical region of the Mediterranean (Çamaltı saltern). This is the first study on a Flamingolepis species infecting A. 

parthenogenetica, the parasite prevalence in Turkish wetland waters. In order to understand the effects of F. liguloides parasitism 

in the region, it is necessary to investigate the prey-predator relationships and their ecological effects. Saltworks are highly 

dynamic ecosystems in terms of biological and physicochemical properties. More multidisciplinary studies are needed to 

understand the parasitism cycle and the interaction between Artemia and flamingos in the Çamaltı wetland. Unfortunately, 

information regarding the population dynamics of Artemia in sampling areas in Türkiye is very limited. Comprehensive (such 

as salt production process, microalgae, zooplankton, benthic data, climate and atmospheric data) research over many years is 

needed to better understand the behavioral manipulation of this parasite and its effects on the interaction between Artemia and 

flamingos in the Çamaltı saltworks ecosystem. 
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ABSTRACT 
In agriculture, plant disease detection and cures for those diseases are 

crucial for high crop production and yield sustainably. Improvements in 

the automated disease detection and analysis areas may provide important 

benefits for early action that would allow intervention at earlier stages for 

cure and preventing spread of the disease. As a result, damages on crop 

yield could be minimized. This study proposes a new deep-learning model 

that correctly classifies plant leaf diseases for the agriculture and food 

sectors. It focuses on the detection of plant diseases for potato leaves from 

images by designing a new convolutional neural network (CNN) 

architecture. The CNN methodology applies filters to input images, 

extracts key features, reduces dimensions while preserving important 

characteristics in images, and finally, performs classification. The 

experimental results conducted on a real-world dataset showed that a 

significant improvement (8.6%) in accuracy was achieved on average by 

the proposed model (98.28%) compared to the state-of-the-art models 

(89.67%) in the literature. The weighted averages of recall, precision, and 

f-score metrics were obtained around 0.978, meaning that the method was 

highly successful in disease diagnosis. 

 

Keywords: Agriculture, Disease diagnosis, PlantVillage, Smart farming, Image classification, Deep learning, Convolutional neural networks 

 

 

1. Introduction 
 

Due to making better predictions and reliability, the development of digitalized systems has been popular in implementing 

applications for agriculture production areas and fields, such as the identification of crop varieties (Çınar & Koklu 2022; Bayram 

& Yıldız 2023), detection of weeds (Sabzi et al. 2018), and grading crops (Sabzi et al. 2015); the expansion and development of 

this technological area also seeks to investigate or detect plant diseases. As a result of unstable environmental conditions and 

climate change, plant diseases have increased rapidly, which may result in food shortages in places around the world in the near 

future.  

 

The primary causes of plant diseases and their biotic and abiotic factors are represented in Figure 1, i.e. microorganisms and 

variables that result in environmental stress, respectively. Fungi, viral and bacterial pathogens differ in type of diseases they 

cause. They infect the crops by killing the cells of plants. The cause of fungal infection may be the result of infected seeds, crop 

rubbish, inappropriate soil, weeds, and other nearby crops. Plants may be infected by bacteria internally, which may not show 

any internal or external symptoms during the development of a disease. Viral infections are also difficult to detect which means 

that diagnosis can be challenging. The virus spreads through carriers of different bugs such as leafhoppers, whiteflies, cucumber 

beetles, and insects. Due to the presence of these factors (i.e., bacteria, fungi, viruses) and environmental changes (i.e., drought, 

frost), farmers are face numerous plant diseases that decrease the quality and yield of their crops. Additionally, the bacteria-

infected plant spreads the infection to nearby plants and increases the rate of spreading. For these reasons, early-stage detection 

is crucial in order to protect plants from infection. It is reported that 80-90% of plant diseases occur on the plant leaves (Salih et 

al. 2020). With this in mind, this study focuses on the plant leaf, rather than the whole plant. 
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Figure 1- Factors & effects of diseases on plants 

 

Visual identification of diseases by humans in plants of a large area is costly and time-consuming, depending on their ability 

which may not be accurate (Prajna 2021). The diseases could be very diverse because of the variety of plants and microorganisms. 

In addition, variations in the types of plant leaf diseases and the meteorological conditions due to climate change and global 

warming could increase the disease spread rate to the regions where they have not been seen before, in which even experts may 

be unfamiliar with (Sladojevic et al. 2016). Therefore, it is important to design a smart system that will help diagnose plant 

disease accurately and automatically (Gerdan Koc et al. 2022). A mobile application will further help non-expert farmers and 

farmers who do not have phytopathological and agronomic support infrastructure (Ferentinos 2018). 

 

Plant diseases can have enormous impact on farming lands and forests, which threaten production and overall food quality 

and safety. Early stage and accurate detection of such diseases play a crucial role in prevention, guidance or management 

strategies. In recent years, artificial intelligence (AI) has expanded and developed and improved disease detection in agriculture. 

AI-based solutions provide alternative ways for automated disease diagnosis. These methods have the ability to work with large 

image datasets to create and train models, and diagnose and classify diseases using patterns with a high success prediction 

probability. The progress in such areas create capabilities that enhance disease detection, early-stage intervention, diagnosis, and 

suggestions for further-steps including cures.  

 

The significant developments in machine learning (ML) technologies can result in the design and implement of an 

architecture for automated systems which could help to attain fast and accurate results to detect plant diseases. For example, 

Mathew et al. (2022) proposed a machine-learning-based automated system with a combination of support vector machine 

(SVM), k-nearest neighbors (KNN), and decision tree (DT) methods for classifying the diseases on potato leaves. Some studies 

worked with commonly-used approaches; for example, Sharma et al. (2021) compared the prediction success rates between 

SVM, DT, and KNN. Moreover, Iqbal & Talukder (2020) investigated the performances of logistic regression (LR), random 

forest (RF), naive Bayes (NB), linear discriminant analysis (LDA), KNN, SVM, and DT. Ismail et al. (2020) compared linear, 

quadratic, and cubic SVMs for the plant disease detection task and reported that cubic SVM obtained higher accuracy than others. 

Pardede et al. (2018) compared different kernels (linear, radial basis function, and polynomial) for SVM and stated that the linear 

kernel achieved the best accuracy. Some studies proposed a hybrid methodology like Singh & Kaur (2020) by combining the k-

means algorithm with SVM and Mukherjee (2020) by creating the architecture using SVM and fuzzy logic. 

 

Deep learning (DL) is a developed sub-category of machine learning that computes more complex problems with a variety 

of data types like videos and images. DL techniques received a great deal of attention because of their capability to achieve 

higher prediction accuracy than traditional ML algorithms. Recently, some efforts (Moharekar et al. 2022; Shwetha & Sneha 

2022; Ahmed & Yadav 2023) have been made that focused on DL algorithms to improve prediction accuracies in the detection 

of plant diseases. Several research papers (Sarker et al. 2022; Kumar & Patel 2023) compared various DL architectures such as 

convolutional neural network (CNN), residual network (ResNet), and visual geometry group (VGG). Nanehkaran et al. 2023 

used pre-trained model architectures like GoogleNet, Zeiler and Fergus Network (ZFNet), and AlexNet, which were trained by 

a high variety of data and capability of working with different tasks. Atik (2022); Ertem & Özbay (2022) investigated the 

performances of different architectures like AlexNet, GoogleNet, ShuffleNet, and ResNet with tomato leaves. Contributions in 

DL in the agriculture area have been made by the works of Monowar et al. (2022), He et al. (2022), Tiwari et al. (2020), 

Oppenheim & Shani (2017), and Patil et al. (2017). One deep learning technique, CNN, is fast becoming a popular classification 

method due to its ability to overcome challenges encountered in complex problems (Ghosh & Roy 2021; Saeed et al. 2021; Jasim 

& Al-Tuwaijari 2020; Chaitanya & Yasudha 2020). Therefore, this study employed the CNN technique for disease detection and 

classification on potato leaves. 
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In the literature, different ML and DL algorithms have been tested for plant leaf disease classification in different countries, 

under different environmental conditions, and for different plants such as rice (Nanehkaran et al. 2023), tomatoes (He et al.  

2022), peppers (Bhagat & Kumar 2023), apples (He et al. 2022), maize (Nanehkaran et al. 2023), peaches (Wagle & Harikrishnan 

2021), cherries (Kurmi & Gangwar 2022), corn (Ciran & Özbay 2022; Pardede et al. 2018), cucumbers (Nanehkaran et al. 2023), 

apricots (Türkoğlu et al. 2020), olive (Dikici et al. 2022), lemons (Saygılı 2023), and strawberries (Wagle & Harikrishnan 2021). 

This study focuses on the detection of diseases for potato crops due to their large scale and varied uses. 

 

The main contributions of this paper can be summarized as follows. (i) It proposes a new deep-learning model that correctly 

classifies plant diseases for the agriculture sector. (ii) This study is original in that it especially focuses on the detection of plant 

diseases for potato leaves by designing a CNN architecture.  

 

2. Material and Methods 
 

2.1. Dataset description 

 

The PlantVillage dataset (Hughes & Salathe 2015) is a resource in the agriculture area and plant pathology. The dataset contains 

a collection of labeled images with various plant types such as tomato, potato, pepper, and more. The dataset contains the 

collected and reported diseases for each plant and is used as an open-source dataset to develop and evaluate machine learning, 

deep learning, or any other models to design and detect diseases through classification. In our study, we used potato plant diseases 

from the PlantVillage dataset. It contains 2152 images of potato leaves divided into 3 categories: healthy, early blight, and late 

blight. Figure 2 shows example leaf images that belong to potato plants.  

 

 

   

Healthy Early Blight Late Blight 

 
Figure 2- Sample images of potato leaf diseases 

 

The PlantVillage dataset is a well-known and popular dataset for crop disease with a significant number of public records 

available. All images in the dataset were captured by Land Grant Universities in the USA (Penn State, Cornell, Florida State, 

and others). They aimed to diagnose plant diseases by using advanced technologies to support farmers around the globe, by 

providing the knowledge they need to protect and improve crop health. The diseases of plants were identified and labeled by 

plant pathology experts. These experts directly worked in the field with two technicians providing the diagnosis and used standard 

phenotyping approaches in plant pathology. The dataset only contains the images of expertly identified leaves, and, therefore, 

these images are sufficient for each disease to be used in classification. The details about the technical validation of the dataset 

can be found in the related article (Hughes & Salathe 2015). 

 

To classify images correctly, it is important to perform a pre-processing stage which includes resizing and rescaling 

operations. These processes help the algorithm to minimize the possible errors by capturing the characteristic features of diseases 

while preparing to feed the algorithm. The input image size is 256 x 256 pixels, which was obtained with a resizing stage for 

efficiency. After that, a rescale operation was performed to scale the image related to the given ratio (1/255) to preserve the same 

distribution throughout the image by protecting the key features in the images. In this way, the pre-processing operation 

converted each pixel value in the range 0-255 to values in the range 0-1. 

 

2.2. Proposed method  

 

This section describes and explains the proposed methodology for the classification of potato leaf diseases. The idea of detecting 

such diseases in plants is to identify unordinary or sick parts of the leaves which are used as images to feed the method.  

 

The proposed deep-learning-based model has numerous advantages. Firstly, since the detection of leaf disease systems could 

have a significantly important role in the early stages. If the disease is quickly diagnosed, it can help to prevent the disease from 
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spreading. In addition, such a system could provide benefits to farmers who do not have any information, or knowledge about 

such diseases and their possible impact on plants. The proposed model could be used to detect the disease and learn how to act, 

preserve, and improve crop health conditions. 

 

The proposed model was designed specifically to perform accurate classification of plant leaf diseases related to potato leaves 

and to execute operations sufficiently and accurately. The CNN architecture can automatically characterize the local features. 

With the architecture, patterns and relationships in images can be captured effectively through the algorithm. Furthermore, CNNs 

can extract unique patterns and features from each image and learn by improving every cycle round using mathematical 

operations and features like convolutional and pooling layers. These allow CNN architecture to gain the ability to recognize 

patterns and features, and execute complex issues efficiently. Such capabilities in CNN architecture allows models to execute 

prediction operations with high accuracies and produce better results than conational models in most cases. 

 

The general structure of the proposed approach is illustrated in Figure 3. The initial step is to prepare a dataset to feed the 

deep learning algorithm as input. The plant leaf disease dataset includes different disease images and their labels as directories. 

Pre-processing is performed to improve the quality of extracting the needed segments or features from the input images. Different 

operations can be performed for images like rescaling and resizing. Pre-processing operations are important since they can affect 

the model's classification performance directly. Afterward, the dataset is divided into training, validation, and testing sets. The 

next step is the training process in which the inputs are fed to the CNN architecture and trained to evaluate a set of weights that 

will result in a prediction with the trained labels. After that, the performance of the model is evaluated according to various 

criteria such as accuracy, precision, recall, and f-score. Finally, the class label of the given test image is obtained as an output 

from the deep learning model which is evaluated with the achieved probability scores for each label. 

 

 
 

Figure 3- The proposed method: an overview of the general structure 

 

Figure 4 represents the architecture of the proposed model based on the CNN structure. CNN is a type of deep neural network, 

mostly used to analyze images and videos. The convolution layer uses filters that perform convolution operations which is the 

dot product of two matrices. One of the matrices is the kernel which is a set of parameters, whereas another matrix is the input 

that is converted to an array. The pooling operation is simple in that there is a two-dimensional filter over each feature by sliding 

on them and creating an array with a smaller portion that contains the features extracted from the Conv2D layer. Pooling layers 

are useful in reducing the number of parameters to be learned and simultaneously decrease the computational complexity of the 

network. The fully connected input layer, called flatten, takes the output from the last layer and performs a flattening operation 

to turn it into a single vector. After the flattening operation is completed, the output is fed to the neural network and applies 

weights to predict the class label. In the end, it gives the final probabilities for each label. 
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Figure 4- Proposed CNN architecture for potato plant leaf disease detection and classification 

 

The proposed method includes the steps described below.  

 

1. Reading input images from the dataset. 

 

2. Pre-processing images using resize and rescale operations to preserve standards between images. 

 

3. Dividing the data into a training dataset, a testing dataset, and a validation dataset. 

 

4. Applying filters to input images, extracting key features through convolution operations which are performed with Conv2D 

and Rectified Linear Unit (ReLU) in Figure 4. 

 

5. Reducing the computational complexity of the network while preserving important features which is represented as 

MaxPooling2D in Figure 4. 

 

6. After convolution and pooling operations are performed, dropout functionality is executed to prevent overfitting to force the 

model to learn independent features by setting randomly a portion of the input units to zero. 

 

7. After the dropout operation, the feature maps are flattened and transformed into one-dimensional vectors. Then, those vectors 

are connected to fully connected layers. These layers classify the learned features by mapping the extracted features to the 

labeled outputs. 

 

8. The final step involves performing classification based on the outputs from the fully connected layers with the usage of the 

softmax activation function at the end of the proposed model as a layer. This function calculates the probabilities for each 

class. The sum of the predicted probabilities needs to be in the range of 0 to 1. The class that has the highest probability is 

labeled as the predicted result which is done using dense_1 in Figure 4. 

 

9. After the model is created, with the usage of testing and validation datasets, performance metrics are calculated to identify 

the effectiveness and reliability of the proposed model. The classification metrics could be accuracy, precision, recall, and f-

score.  

 

Accuracy is the proportion of correct results (either true positive or true negative) in a testing set. It is calculated using the 

following equation: 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
(𝑇𝑃 + 𝑇𝑁)

(𝑇𝑃 + 𝐹𝑃 + 𝐹𝑁 + 𝑇𝑁)
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Where; the parameters TP (True Positives), TN (True Negatives), FP (False Positives), and FN (False Negatives) are the 

metrics to calculate specificity, sensitivity, and accuracy in performance measurement. TP is used to present the number of 

correctly predicted positive classes. TN is the result of correctly predicted negative classes. FP is the number of cases predicted 

positive when they are negative. Finally, FN represents the number of cases predicted as negative when the results should be 

positive. 

 

Precision is the accuracy of positive predictions with the proportion of correctly predicted positive classes out of the total 

classes positively predicted. The calculation formula is as follows:  

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

(𝑇𝑃 + 𝐹𝑃)
 

 

Recall (sensitivity) represents correctly predicted positive classes divided by the total actual positive classes. It is calculated 

using the following equation:  

 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

(𝑇𝑃 + 𝐹𝑁)
 

 

The f-score is a metric that is used in classification problems that measure the model performance using correctly predicted 

positive classes (recall) with the accuracy of positive predictions (precision). The calculation formula is as follows: 

 

𝐹𝑠𝑐𝑜𝑟𝑒 =
2 ∗ (𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 ∗ 𝑅𝑒𝑐𝑎𝑙𝑙)

(𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑅𝑒𝑐𝑎𝑙𝑙)
 

 

Macro-averages represent the average across all classes. The performance metric (e.g., precision, recall, or f-score) take place 

separately for each class. For weighted-averages, the metric is also calculated separately for each class and weighted by the class 

usage frequencies. 

 

3. Results and Discussion 
 

In this section, the overall achieved prediction accuracies are presented. The proposed CNN model was trained and tested using 

the potato leaf images dataset. The data is divided into three groups: training, validation, and testing. The training set with 0.8, 

the testing set with 0.1, and the validation set with 0.1 split ratio are evaluated.  

 

The proposed model obtained 96.82% accuracy and 8.76% loss in training, and 99.48% accuracy and 4.55% loss in the 

validation dataset. In the testing dataset, the model achieved 98.28% accuracy and 6.44% loss for potato leaf disease 

classification. Figure 5 and Figure 6 show the ranges of the model indicator that emphasize the effectiveness of the proposed 

model. Figure 5 represents the accuracy of the proposed model on both the training and testing datasets throughout 15 epochs. 

It is clear that the model performance increases as the number of epochs increases. Figure 6 shows the loss plot for the proposed 

model on the training and testing sets for 15 epochs. In general, the model provides low-loss values with increasing epochs. 

 

 
Figure 5- Training & testing accuracy graph of the proposed model 
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Figure 6- Training & testing loss graph of the proposed model 

 

Table 1 shows the performance of the proposed model using precision, recall, and f-score results for potato diseases. The 

macro-averages and weighted-averages range between 0.946 and 0.985, which are very close to 1, meaning that the method does 

return few errors.  

 
Table 1- The performance of the proposed model for each class in terms of precision, recall, and f-score metrics 

 

Potato Leaf Disease Precision Recall F-score 

Early Blight 1.000000 0.972727 0.986175 

Late Blight 0.955357 1.000000 0.977169 

Healthy 1.000000 0.866667 0.928571 

Macro Average 0.985119 0.946465 0.963972 

Weighted Average 0.979410 0.978448 0.978297 

  

Table 2 represents the confusion matrix of potato diseases which represents the proposed CNN algorithm performance over 

the validation dataset. It visualizes the predicted true positive, false negative, false positive, and true negative values for each 

class label. High diagonal elements of the confusion matrix (102, 115, and 12) for each class, with low non‐diagonal elements, 

confirmed the high performance and robustness of the machine learning model for predicting plant leaf diseases. According to 

the matrix, the proposed model produced only 3 incorrect outputs out of 232 predictions. 

 

Table 2- Confusion matrix of the proposed model for all potato diseases 

 

 Early Blight Late Blight Healthy 

Early Blight 102 0 0 

Late Blight 1 115 2 

Healthy 0 0 12 

 

Figure 7 shows samples that were taken from the dataset randomly and labeled with actual and predicted labels using the 

proposed model for potato leaves. As can be seen, the constructed model usually had no difficulty in identifying potato leaf 

diseases. For example, the first sample leaf image was labeled correctly with a 99.96% probability. 
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Figure 7- Sample prediction results for potato leaf images 

 

Table 3 shows the results of previously designed models for the detection of potato plant leaf diseases. Based on the table, it 

is clear that the proposed model achieved a higher performance (98.28%) than the state-of-the-art models (89.67%) on the same 

dataset and same plant type on average. Consequently, the model demonstrated its superiority over the other models with an 

average of 8.6% improvement. For example, it performed better than RF (92%) (Swetha & Jayaram 2019), DT (91%) (Iqbal & 

Talukder 2020), KNN (86.40%) (Sharma et al. 2021), and LR (74.80%) (Kurmi & Gangwar 2022). As observed in Table 3, 

SVM is the most frequently used methodology. As seen in Table 3, the proposed model outperformed SVM-based models. 

Compared to the deep learning models such as Google Network (GoogleNet) (92.33%) (Nanehkaran et al. 2023), dense network 

(DenseNet-121) (95.00%) (Ahmed & Yadav 2023), efficient DenseNet (97.20%) (Mahum et al. 2023), VGG (91.60%) (Kumar 

& Patel 2023), AlexNet (90.00%) (Wagle & Harikrishnan 2021), and ResNet-18 (95.81%) (He et al. 2022), the proposed model 

achieved the highest accuracy.  

 

In addition to the accuracy indicator, the precision, recall, and f-score values were also compared. Sharma et al. (2021) 

obtained the results of approximately 0.899 for all the metrics using the SVM method. Islam et al. (2017) achieved 0.9500 for 

all these metrics using the SVM method. Mathew et al. (2022) achieved values of 0.9205 and 0.9200 for precision and recall, 

respectively, from their model. In another study (Aurangzeb et al. 2020), the results of these measures were obtained using Cubic 

SVM with precision (0.9433) and recall (0.8530) values. The precision value was recorded as 0.9160 by Sanjeev et al. (2020). 

Jeyalakshmi & Radha (2020) recorded precision (0.9679), recall (0.9702), and f-sore (0.9689) values using the SVM method. 

Mukherjee (2020) measured and obtained precision, recall, and f-score as 0.5655, 0.4562, and 0.5050, respectively.  When 

precision, recall, and f-score metrics are considered, the proposed model in this study performed better than the previous studies 

by obtaining 0.9794, 0.9784, and 0.9783, respectively.     
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Table 3- Comparison of the proposed model compared to the state-of-the-art models on the potato leaf image dataset 

 
Reference Year Method Accuracy (%) 

Ahmed & Yadav 2023 DenseNet-121 95.00 

Mahum et al. 2023 
DenseNet-201 96.03 

Efficient DenseNet 97.20 

Nanehkaran et al. 2023 

AlexNet 90.00 

GoogleNet 92.33 

ZFNet 89.33 

CNN 91.33 

Le Network (LeNet) 91.00 

Bhagat & Kumar 2023 SVM 97.00 

Kumar & Patel 2023 

VGG 91.60 

RF 73.80 

Deep CNN 92.90 

First Scalable Neuromorphic Fault-Tolerant Context-Dependent Learning 94.00 

Dendritic Event-Based Processing 93.00 

Entropy-based Local Binary Pattern 90.00 

Hierarchical Deep Learning CNN 95.77 

Tree-CNN 86.50 

Radial Basis Function Neural Network 86.50 

Mathew et al. 2022 
SVM 83.00 

Voting (SVM + KNN + DT) 92.00 

Sarker et al. 2022 

CNN 93.00 

ResNet50 97.00 

VGG19 84.00 

Shwetha & Sneha 2022 

Backpropagation Neural Network 92.00 

SVM 95.00 

VGG19 + LR 97.80 

Moharekar et al. 2022 CNN 94.60 

He et al. 2022 
ResNet-18 95.81 

Disease Image Recognition based on Bilinear Residual Networks 96.05 

Monowar et al. 2022 

Bootstrap Your Own Latent 88.30 

Simple Siamese 86.10 

Cross Iterative Kernel K-means enhanced with Image Classification and Similarity 

Measurements  
82.50 

Deep CNN 89.90 

Kurmi & Gangwar 2022 

Bag-of-visual-words (BoW) + Fisher Vectors (FV) + Hand-Crafted Feature (HCF) + 

SVM 
91.90 

BoW + FV + HCF + LR  89.60 

BoW + FV + HCF + Multi-Layer Perceptron  87.10 

Rozaqi et al. 2021 

VGG16 95.00 

CNN - Sederhana 80.00 

Inception-V3 78.00 

ResNet-50    78.00 

Wagle & Harikrishnan 2021 
SVM 95.83 

AlexNet 90.00 

Ghosh & Roy 2021 CNN 87.47 

Kaur & Devendran 2021 

Scale-Invariant Feature Transform (SIFT) + Ensemble 88.23 

Law’s Mask + Gabor + Ensemble 95.66 

Law’s Mask + SIFT + Gabor + Ensemble 93.16 

Gabor + Ensemble 84.23 

Saeed et al. 2021 CNN 91.67 

Sharma et al.  2021 

SVM 92.90 

KNN  86.40 

DT 78.70 

Guo et al.  2021 GhostNet  97.17 

Ismail et al. 2020 

Linear SVM 90.00 

Quadratic SVM 88.00 

Cubic SVM 91.30 

Boosted Tree 94.70 

Deep Learning 90.40 

Tiwari et al. 2020 VGG19 97.80 

Aurangzeb et al.  2020 

Cubic SVM 94.50 

LDA 92.70 

Ensemble Tree 92.60 
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Table 3 (Continue) - Comparison of the proposed model compared to the state-of-the-art models on the potato  

leaf image dataset 

 

Reference Year Method Accuracy (%) 

Singh & Kaur 2020 K-Means + SVM 95.99 

Mukherjee 2020 SVM + Fuzzy Logic 91.59 

Iqbal & Talukder 2020 

LR  94.00 

RF 97.00 

KNN  91.00 

NB 84.00 

DT 91.00 

LDA  78.00 

Jeyalakshmi & Radha 2020 

NB 88.67 

KNN 94.00 

SVM 96.83 

Chaitanya & Yasudha 2020 CNN 94.84 

Ahmad et al.  2020 

Local Binary Pattern 92.50 

Directional Local Quinary Patterns 96.20 

Local Ternary Patterns 90.60 

Jasim & Al-Tuwaijari 2020 CNN 97.20 

Sanjeev et al.  2020 Feed Forward Neural Network 96.50 

Singh & Kaur 2019 Gray-Level Co-Occurrence Matrix + KNN 97.00 

Swetha & Jayaram 2019 

RF 92.00 

SVM 94.00 

DT 91.00 

KNN 89.00 

LR 16.00 

NB 85.00 

Pardede et al. 2018 

SVM - Linear  87.01 

SVM - Radial Basis Function 83.99 

SVM - Polynomial (Order 2) 83.06 

SVM - Polynomial (Order 3) 79.58 

Islam et al. 2017 SVM 95.00 

Oppenheim & Shani 2017 VGG16 96.00 

Patil et al. 2017 

Neural Networks 92.00 

RF 79.00 

SVM 84.00 

Aparajita et al. 2017 Segmentation Methodology 96.00 

Average 89.67 

Proposed Model Convolutional Neural Network 98.28 

 

In a deep learning study, there are two main types of uncertainty: model uncertainty and data uncertainty. Model uncertainty 

(MU) includes the uncertainty in network architecture design that could yield a high performance. Data uncertainty (DU) 
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typically refers to incorrect, incomplete, or unknown samples in input data that cause uncertainty in the corresponding output. 

In this study, the MU was assessed by using various metrics, including accuracy, precision, recall, and f-score; the MU was 

measured using the Wilcoxon statistical test. The differences between the results of various CNN architectures given in Table 3 

and the result of the proposed CNN architecture were evaluated in a pairwise comparison manner. The p-value (0.03781e-4) 

obtained by the Wilcoxon test indicates that the proposed CNN architecture is proper for making an accurate prediction since 

the p-value is smaller than the significance threshold (0.05). In the point of data uncertainty, the proposed model was tested on 

a public and widely-used dataset in the literature. The information on data collection and its technical validation can be found in 

(Hughes & Salathe 2015).     

 

4. Conclusions 
 

The development of detection systems is crucial for achieving and performing stable, precise, and reliable predictions in 

agriculture. The detection of plant diseases can be achieved through the use of general image processing methods and with a 

deep learning algorithm that can be integrated at various stages of a plant’s life cycle. The effort performed to analyze and 

identify diseases could be reduced and simplified with the usage of automation technologies in agriculture which, could provide 

a healthy and sustainable environment for plants and it could limit significant threats like extinction of various plant species. 

 

The main findings of this study can be summarized as follows: 

 

- The results of the experiments showed that the proposed model achieved 98.28% accuracy in potato leaves.  

- On the testing dataset, the model obtained a 6.44% loss for potato leaf disease classification. 

- The model presented in this study performed very well by achieving precision (0.9794), recall (0.9784), and f-score (0.9783) 

values. 

- The CNN model reached a high accuracy in a number of epochs (15 iterations).  

- According to the confusion matrix, the proposed model produced only 3 incorrect outputs out of 232 predictions over the 

validation dataset. 

- When the results of the studies (89.67%) in the literature were compared, the performance was approximately 8.6% improved 

on average. 

 

One limitation of this study is that itis capable of detecting only diseases that are labeled in the dataset used for the proposed 

model training which are named as healthy, early and late blight. Future studies could focus on gathering well-designed and 

easily processed datasets that include other diseases, and in this way, improve the performance of previously found methods. 

Another possible future study may also be the use of detection algorithms in mobile devices to assist people who do not have an 

opportunity to access such applications for their plants for early-stage support. 
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ABSTRACT 
Inulin and fructooligosaccharides (FOS) are prominent functional 

components in the food industry due to prebiotic and other 

pharmaceutical properties. Inulin is a storage polysaccharide in various 

plants. FOS are naturally present in various plants and can be obtained by 

partial hydrolysis of inulin. In this study, ground and sieved chicory roots 

(Cichorium intybus L.) were used as starting material for inulin extraction 

under optimized conditions determined by Response Surface 

Methodology (RSM) with a Box-Behnken design. Optimum inulin 

extraction conditions from chicory roots were; temperature of 90 °C, 

extraction time of 30 min., and liquid-to-solid (LS) ratio of 10:1 mL/g. 

Inulin extract was further hydrolyzed to FOS by enzymatic or acid 

treatment, separately. Purification of inulin extract and FOS hydrolysate 

was performed by ultrafiltration with a 10 kDa membrane under the 

pressure of 2 bar with continuous stirring. As a result, inulin and FOS 

were obtained at 90% and 76% purity, respectively. 

 

Keywords: Cichorium intybus; fructooligosaccharides, Response surface methodology, HPLC-RID analysis, Acid-enzyme hydrolysis, Membrane 

filtration

 

 

1. Introduction 
 

The chicory plant (Cichorium intybus L.) is a natural source of inulin from the fresh roots and can grow in many different climates 

(Chandra et al. 2016; El-Kholy et al. 2020). Inulin is a biological macromolecule composed of a linear polymer of D-fructose 

with β-(2-1) glycosidic linkages, and a terminal glucose moiety which is linked to fructosyl unit via α-(1-4) linkage (Öztürk 

2016; Fu et al. 2018; Singh et al. 2020a). The polymerization degree (DP) of inulin varies between 2-60 according to species, 

harvest time, and time of storage. Fructooligosaccharides (FOS) are fructans with DP<10 that naturally exist in various plants 

such as chicory, Jerusalem artichoke, yacon, and burdock (Li et al. 2013; Singh et al. 2020c; Redondo-Cuenca et al. 2021; Stökle 

et al. 2023). Additionally, FOS can be obtained by transfructosylation of sucrose by β-fructofuranosidases or by partial enzymatic 

hydrolysis of inulin using endoinulinases acting on internal β-(2, 1) glycosidic linkages (Beirão-Da-Costa et al. 2009; Li et al. 

2013; Khuenpet et al. 2017). Transfructosylation by β-fructofuranosidases forms small chain length (2-4 fructosyl units) FOSs, 

whereas hydrolysis of inulin using endoinulinases forms long chain length (1-9 fructosyl units) FOSs (Singh et al. 2020a). 

 

In the food industry, chicory stands out due to its content of inulin and derivative FOS and is a natural food ingredient. Both 

inulin and fructooligosaccharides have prebiotic activity that can promote probiotic growth, especially Bifidobacteria. Inulin 

also has pharmaceutical effects such as modulation of intestinal microbiota, anti-cancer and antioxidant activity, immunological 

enhancement, antidiabetic effect, hepatoprotective activity, and many others (Li et al. 2013; Dominguez et al. 2014; Fu et al. 

2018; Perović et al. 2021). In addition to its serum cholesterol reducing and pathogenic bacteria inhibitory effects, FOS has 

cerebral protective activity and improves cognition (Li et al. 2013; Dominguez et al. 2014; Fu et al. 2018; Perović et al. 2021). 

Inulin and FOS are used as sugar and fat replacers in low-calorie foods to decrease obesity and diabetes risks (Dominguez et al. 

2014; Khuenpet et al. 2017; Beirão-Da-Costa et al. 2009). Mostly they are preferred in desserts, infant formula, baked products, 

and fermented dairy products (Lopes et al. 2017; Kralj et al. 2018; Redondo-Cuenca et al. 2021). Inulin is used as dietary fiber, 
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gel-forming, and viscosity regulator agent in the food industry (El-Kholy et al. 2020). Due to these properties, food and 

pharmaceutical industries have utilized inulin and FOS for functional foods, nutritional composites, and drugs (Singh et al. 

2020a; Perović et al. 2021; Singh & Singh 2022a). 

 

Inulin can be obtained by extraction of plant materials such as chicory, Jerusalem artichoke, salsify, and dahlia, and by 

biosynthesis pathways (Beirão-Da-Costa et al. 2009; Apolinário et al. 2014; Kralj et al. 2018). According to Barclay et al. (2014), 

inulin is synthesized from sucrose by a polymerization reaction that transfers fructose from another sucrose molecule with 

catalytic enzymes in plants. Differing from this pathway, Apolinario et al. (2014) proposed distinctive biosynthetic pathway 

models in detail. FOS was obtained from various plants by partial enzymatic hydrolysis of inulin or sucrose transfructosylation 

by using fungal fructosyltransferases (Ávila-Fernández et al. 2011; Dominguez et al. 2014; Muñiz-Márquez et al. 2019). Also, 

FOS production from inulin by acidic hydrolysis was demonstrated in a previous study with an alternative methodology 

(Grzybowski et al. 2014). 

 

Extraction is an important step for inulin production and hot water extraction is the method of choice due to the water-soluble 

property of inulin (Khuenpet et al. 2017). Extraction time and temperature are critical factors as they can cause either transfer of 

inulin from plant to water or degradation of inulin to reducing sugars. For this reason, extraction parameters should be selected 

properly. In the conventional method, to observe the effect of each experimental factor, one variable at a time is changed but this 

approach is time consuming and labor intensive (Singh et al. 2020c). To deal with these problems, the response surface 

methodology (RSM) technique is used for optimization processes. The Box Behnken experimental design (BBD) in RSM was 

used in this study for the optimization of process variables for inulin extraction from chicory roots.  

 

In addition to extraction procedures, a further purification step is necessary to obtain high-purity ingredients for the food and 

pharmaceutical industries. To remove the impurities such as reducing sugars, high molecular weight carbohydrates, proteins, 

and fibers from crude inulin and FOS extracts, some physicochemical methods and chromatographic techniques were described 

previously (Li et al. 2004; 2013; Apolinário et al. 2014). However, recent studies focused on alternative membrane technology 

for the purification of these components. The membrane separation technique stands out with advantages of high productivity, 

low operation costs, and high product quality (Barclay et al. 2014; Muñiz-Márquez et al. 2019). In previous studies of inulin 

purification using membrane filtration, membranes with 5-50 kDa pore size were used with continuous stirring under 1-2.6 bar 

pressure to prevent membrane clogging (Zhu et al. 2018; Murtiningrum et al. 2020). In the studies of FOS purification, 1-10 kDa 

membrane filters were used (Qing et al. 2013). More studies are required to determine the effect of different separation 

applications during the extraction of inulin from its plant source. From this perspective, this study aimed to discover the most 

efficient and easiest way of obtaining inulin and FOS from chicory roots. This study explains how to obtain two different end 

products step by step in detail, starting from the chicory plant. At first, the inulin extraction conditions from chicory roots were 

optimized by the BBD in RSM. Inulin extract was obtained with these optimized conditions and then hydrolyzed to FOS by acid 

or enzyme treatment. A membrane filtration system was used to maximize the purity of inulin and FOS separately. Also, total 

carbohydrate and total protein content were investigated before and after filtration to calculate the purity and efficiency of the 

filtration system. At the end of the study, two different end products with relatively high purity were obtained from chicory. 

Considering that there is no extensive information about the purification of inulin and FOS using a membrane filtration system 

in the literature, and that this purification is generally performed by chromatographic techniques, this study is an example of the 

feasibility of a membrane filtration system for inulin and FOS purification and will be a pioneer for more detailed studies. 

 

2. Material and Methods 
 

2.1. Chicory root samples 

 

The chicory roots were collected from Isparta province (located in the western Mediterranean region) in Türkiye during the 

flowering stage. The chicory roots were identified by Prof. Dr. Huseyin Fakir, Director of the Herbarium Section, Applied 

Sciences University of Isparta, Türkiye. The roots were conventionally dried (final moisture content was 7.5%), cleaned of soil, 

and ground, sieved (1 mm), and stored at 4 ºC until use. 

 

2.2. Chemicals 

 

The endo-inulinase enzyme from Aspergillus niger (300 U/mL, 60 ºC, 4.5 pH) was purchased from Megazyme, USA. 

Commercial inulin from chicory, that was kindly provided by Artisan Gıda (Türkiye), was a product of Orafti (Belgium). 

Glucose, fructose, sucrose, 1-kestose (GF2), and nystose (GF3) standards of analytical grade were purchased from Sigma-Aldrich 

(St. Louis, MO, USA). 1F-fructofuranosylnystose (GF4) analytical standard was purchased from Novagentek (England). All other 

reagents and solvents were of analytical reagent grade. All aqueous solutions were prepared using deionized water.  

 

2.3. Experimental design 

 

Design Expert-13 was used to optimize the extraction conditions of inulin from chicory roots. In RSM, a 3-factor BBD was used. 

Independent variables were temperature (ºC, A), time (min, B), and liquid-to-solid ratio (mL/g, C). The dependent variable was 

https://tureng.com/tr/turkce-ingilizce/western%20mediterranean%20region
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inulin content (g/100 g dry weight). Independent variables were defined according to our preliminary trials and optimum 

extraction conditions in the literature (Dobre et al. 2008; Beirão-Da-Costa et al. 2009; Apolinário et al. 2014; Tewari et al. 2015; 

Balzarini et al. 2018; Başaran et al. 2018). 

 

The complete design consisted of 18 experimental points (including six replicates of the center point), and the experiments 

were performed randomly. Experimental data were fitted to a quadratic polynomial model (1) to obtain regression coefficients. 

 

𝑍 = 𝛽0 + ∑ 𝛽𝑖𝑥𝑖 + ∑ 𝛽𝑖𝑖𝑥𝑖
23

𝑖=1
3
𝑖=1 + ∑ ∑ 𝛽𝑖𝑗𝑥𝑖

3
𝑗=1

2
𝑖=1 𝑥𝑗                                                                                                               (1) 

 

Where; Z was the dependent variable to be modeled, xi and xj were the independent variables, β0 was the constant coefficient, 

βi was the coefficient of linear effect, βii was the coefficient of quadratic effect, and βij was the coefficient of interaction effect. 

 

2.4. Extraction of chicory roots 

 

Inulin extractions were performed by using 2 g chicory root samples (described above). The calculated ratio of hot water was 

added to each sample. Water temperature of 60-90 °C, extraction time of 30-90 min, and liquid-to-solid ratio (water: root sample) 

of 10:1-30:1 v/w were used as extraction conditions. Extractions were carried out in a water bath running at the extraction 

temperature with 100 rpm shaking. After extraction, chicory root extract was filtered firstly through cotton cheesecloth and then 

centrifuged at 1400 rpm for 10 min. Supernatants of each extract were stored at -20 ºC until analysis. 

 

2.5. HPLC-RID analysis of inulin and FOS 

 

Inulin and FOS content determination was performed with an HPLC (High Pressure Liquid Chromatography) Shimadzu (Kyoto, 

Japan) system (LC-20A pump, SIL-20A HT autosampler) combined with a refractive index detector (RID-20A). Inulin 

separation was performed on an Inertsil-NH2 column (5µm, 4.6 × 250 mm). The measurements were performed at a column 

temperature of 80 °C and detector temperature of 60 °C, using deionized water as mobile phase at flow rate of 1 mL/min and 

injection volume of 20 μL (Başaran et al. 2018). 

 

FOS determination on HPLC was performed according to the methods of Nobre et al. (2018) and Muñiz-Márquez et al. 

(2019). 1-kestose (GF2), 1-nystose (GF3), and 1F-fructofuranosylnystose (GF4) were used as FOS standards, and glucose, 

fructose, and sucrose were also analyzed as residual sugars. Total FOS content was calculated as the sum of GF2, GF3, and GF4. 

For the quantification of FOS and sugars, calibration curves were obtained with known concentrations of each compound. 

Samples were analyzed with a ReproSil Carbohydrate-Plus column (5µm, 4.6 × 250 mm) at 30 °C. The operating temperature 

of the refractive index detector (RID) was 35 ºC. A mixture of acetonitrile/water 80:20 (v/v) was used as the mobile phase at 

flow rate of 1 mL/min. Before analyses, all samples were filtered through a 0.45 µm polytetrafluoroethylene (PTFE) filter.  

 

2.6. Hydrolysis of inulin to FOS 

 

The enzymatic hydrolysis of inulin was carried out following the methods of Ricca et al. (2009), Yi et al. (2010) and Sarchami 

& Rehmann (2014) with slight modifications. Inulin extract, obtained in optimum extraction conditions according to our 

experimental design, was used as substrate for hydrolysis. Enzymatic hydrolysis was performed for FOS production in different 

experimental conditions according to the literature. These experimental conditions are given in Table 1. The appropriate enzyme 

concentration that gives the highest FOS yield was selected through our preliminary studies. 

 
Table 1- Conditions for acid (A) and enzymatic (E) hydrolysis 

 

Sample Name Temperature (°C) Time (min) Buffer volume (mL)* pH** 

A-1 

A-2 

E-1 

85 

85 

40 

15 

25 

60 

- 

- 

- 

2.5 

2.5 

5.28 

E-2 40 60 4 4.50 

E-3 40 30 4 4.50 

E-4 60 60 - 5.28 

E-5 60 60 4 4.50 

E-6 60 30 4 4.50 

 

*: 0.05M sodium acetate was used as a buffer; **: 0.5 M citric acid was used in pH adjustment 

 

For enzyme hydrolysis, 0.2 mL of the endo-inulinase enzyme (60 U) was added to 10 mL of inulin extract at room temperature 

and incubated in a water bath at the temperature and time in Table 1 with 100 rpm shaking. The hydrolysates were left at 100 °C 

for 15 min to inactivate the enzyme and cooled immediately for later study.  
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To compare the results, acid hydrolysis was also carried out following the method of Grzybowski et al. (2014). For acid 

hydrolysis, 10 mL of inulin extract, obtained in optimum conditions, was used. The pH value of each extract was adjusted to 2.5 

with 0.5 M citric acid solution. Acid hydrolysis was performed in a 100 rpm shaking water bath at temperatures and times given 

in Table 1. At the end of the relevant period, the hydrolysates were cooled rapidly and stored at -20 °C. 

 

2.7. Purification by membrane filtration 

 

To separate high molecular weight sugars, proteins, and other impurities from inulin and FOS extracts and to obtain high-purity 

products, the ultrafiltration technique was used. Dead-end ultra-filtration runs were carried out in a filtration module that was 

manufactured for this aim (maximal volume 200 mL) (Fig. 1). The membrane filtration system was manually installed and 

operated under high-purity nitrogen gas, accompanied by a magnetic stirrer. Polyethersulfone ultrafiltration membranes 

(Sartorius Stedim Biotech GmbH, Germany) with 1, 5, and 10 kDa pore sizes were used individually.  

 

 
Figure 1- Filtration module 

 

For the inulin filtration step, inulin extract was prepared under the previously determined optimum inulin extraction 

conditions (90 oC-30 min-10 mL/g). The volume of the extract was determined as 40 mL for effective filtration and a 4g chicory 

root sample was studied for each trial. A membrane filtration system was installed using a membrane filter and loading the inulin 

extract into the system. 1, 5, and 10 kDa membranes were used in different trials. Nitrogen gas was operated at a pressure of 2 

bar and the magnetic stirrer placed under the filtration system was operated at 400 rpm. The filtrate was collected in a test tube 

placed at the outlet of the filtration system. The inulin contents of the extract and final filtrate were determined by HPLC analysis. 

Filtration of FOS was carried out with hydrolyzed inulin extract (FOS hydrolysate). Hydrolysis conditions were 40 °C, 60 min 

and 60 U enzyme concentration. The membrane filtration system was set up as for the inulin purification. FOS contents of the 

hydrolysate and final filtrate were determined by HPLC analysis. Experiments were carried out as two replicates, using a new 

membrane for each experiment.  

 

Purities of inulin and FOS were calculated according to Zhu et al. (2018). 

 

Inulin or FOS purity (%) = 
𝑖𝑛𝑢𝑙𝑖𝑛 𝑜𝑟 𝑓𝑜𝑠 𝑐𝑜𝑛𝑡𝑒𝑛𝑡

𝑡𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡+𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡
× 100                                                                                 (2) 

 

2.8. Total carbohydrate analysis 

 

Total carbohydrate quantities of samples were measured by the phenol-sulfuric acid technique using D-glucose as standard 

(Albalasmeh et al. 2013). Briefly, 1 mL of phenol (5%) was added to 1 mL of the sample in a test tube. Afterwards, 5 mL of 

sulfuric acid (98%) was rapidly added and the tube was left standing for 10 minutes. After stirring, the tubes were placed in a 

water bath at room temperature for 20 minutes. Color development was measured at 490 nm on a spectrophotometer (Biotek-

Synergy/HTX). The calibration curve was prepared with 0.01-0.75 mg/mL concentrations of standard glucose. 
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2.9. Total protein analysis 

 

The protein concentration of samples was measured by the bicinchoninic acid (BCA) protein assay kit (Pierce, Thermo Fisher 

Scientific, USA). The calibration curve was prepared with between 20-2000 µg/mL of bovine serum albumin (BSA) standard 

that was supplied with the kit. Then, 0.1 mL of each standard and sample were transferred into test tubes. After this, 2 mL of 

working reagent (WR), that was prepared with supplied reagents, was added to each tube and mixed. Tubes were covered and 

incubated at 37 °C for 30 minutes. Color development was measured at 562 nm on a spectrophotometer. 

 

2.10. Statistical analysis 

 

The responses obtained from experimental designs underwent regression analysis by using the Design Expert Software (version 

13). As a result, the determination coefficient (R2), regression constants, and analysis of variance (ANOVA) were determined. 

The significance of the regression coefficient was verified by F-test and p-value. The statistical analyses were performed using 

JMP 9 (SAS, NC, USA). In the 0.95 confidence interval, the data were analyzed using one-way analysis of variance followed 

by Tukey's test. 

 

3. Results and Discussion 
 

3.1. Effects of temperature, time, and LS ratio on the inulin concentration 

 

Effects of temperature (2A), time (2B), and LS ratio (2C) on the inulin content are presented in the Figure 2. As shown in Fig. 

2A, increasing the extraction temperature from 60 to 90 °C resulted in the increase in inulin content when the other extraction 

parameters were fixed to 60 min (time) and 20:1 LS (ratio). This result is compatible with other studies about the extraction of 

inulin either from chicory roots or other plant materials (Lingyun et al. 2007; Tewari et al. 2015; Fu et al. 2018). Many of the 

previous studies extracted inulin at the temperature range of 80–90 °C from chicory roots as the water solubility of inulin 

increases with temperature (Apolinário et al. 2014). Although high temperatures positively affect inulin extraction, temperatures 

close to boiling point may increase undesired co-extract materials and cause release of simple sugars by hydrolysis (Redondo-

Cuenca et al. 2021). 

 

As can be seen in Fig. 2B, when extraction time increased from 30 to 90 min, the inulin content decreased significantly 

(P<0.05), while the other extraction parameters were fixed to 75 °C (temperature) and 20:1 LS (ratio). In the study by Fu 

et al., with Codonopsis pilosula roots (Fu et al. 2018), inulin yield increased until 120 min and then started to decrease.  

Tewari et al. (2014) indicated that inulin yield reduced as the time increased from 30 min to 50 min with microwave -

assisted extraction. They also obtained maximum inulin yield at 30 min, similar to our finding. According to previous 

reports, mostly extraction periods of 30-60 min were used for inulin extractions from various plants (Apolinário et al. 

2014). Since inulin is a polydisperse carbohydrate, prolonging the extraction time may lead to hydrolysis of inulin to 

monosaccharides. 

 

The effect of LS ratio on inulin content is presented in Fig. 2C. Different LS ratios (10:1 to 30:1 mL/g) were examined, while 

other parameters were kept constant at temperature of 75 °C and time of 60 min. The inulin content was found to decrease as the 

LS ratio increased. At a higher LS ratio, the problem of insufficient solute (dilute solution) may occur and intermolecular forces 

between the inulin and the solvent become unable to provide sufficient solubility (Noori 2014; Esmaeili et al. 2021). The lower 

LS ratio (10:1) resulted in the highest inulin yield in this study. In contrast to our results, Tewari et al. (2015) found that a higher 

volume of solvent led to a higher response with microwave-assisted extraction. Another study, that focused on LS ratios of 5 to 

12, found that inulin yield increased up to an LS ratio of 10, and then decreased (Lingyun et al. 2007). This result also showed 

that solvent ratios less than 10:1 v/w were insufficient to ensure immersion of the entire sample. From an economic point of 

view, the use of less solvent for the extraction process is preferable for large-scale production. 
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Figure 2- Effects of extraction parameters on inulin content 

 

3.2. Optimization of inulin extraction conditions by BBD 

 

Extraction results according to BBD are shown in Table 2. Inulin contents of extracts varied between 28.45-36.26 g/100 g dry 

weight (dw). In the literature, inulin contents of chicory extract were reported to be between 11.67% to 65.60% (Figueira et al. 

2004; Dobre et al. 2008; Beirão-Da-Costa et al. 2009; Tewari et al. 2015; Redondo-Cuenca et al. 2021). Although our results are 

in this range, different inulin contents obtained in different studies may be due to the variety of plant, geographic location, harvest 

time, and length of storage. Different physiological processes that occur in each plant tissue might also affect inulin content 

(Apolinário et al. 2014; Redondo-Cuenca et al. 2021). 
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Table 2- Box-Behnken experimental design with coded and uncoded factors and results for inulin content* 
 

Run 
Factor 1 Factor 2 Factor 3 Experimental Values Predicted Values 

A:Temperature (°C) B:Time (min) C:Ratio (mL/g) Inulin (g/100g)** Inulin (g/100g) 

1 60(-1) 60(0) 10:1(-1) 31.83±1.02 31.16 

2 60(-1) 60(0) 30:1(1) 28.45±0.95 28.76 

3 90(1) 90(1) 20:1(0) 33.25±1.32 32.85 

4 75(0) 60(0) 20:1(0) 32.50±0.84 32.05 

5 90(1) 30(-1) 20:1(0) 35.29±1.05 35.34 

6 75(0) 60(0) 20:1(0) 31.31±1.27 32.05 

7 75(0) 90(1) 30:1(1) 28.61±0.92 28.36 

8 75(0) 60(0) 20:1(0) 32.57±1.08 32.05 

9 75(0) 30(-1) 30:1(1) 31.61±1.10 30.89 

10 90(1) 60(0) 30:1(1) 28.51±1.52 29.18 

11 75(0) 60(0) 20:1(0) 32.80±1.23 32.05 

12 75(0) 30(-1) 10:1(-1) 34.86±0.89 35.11 

13 60(-1) 90(1) 20:1(0) 30.61±1.05 30.23 

14 60(-1) 30(-1) 20:1(0) 31.98±1.16 32.39 

15 75 (0) 60(0) 20:1(0) 31.55±1.12 32.05 

16 90(1) 60(0) 10:1(-1) 36.29±1.02 35.98 

17 75(0) 90(1) 10:1(-1) 32.61±1.45 33.33 

18 75(0) 60(0) 20:1(0) 31.55±1.53 32.05 
 

*: Mean of triplicate determinations;**: Inulin content presented on dry weight basis 

 
Table 3- Analysis of variance for the fitted quadratic polynomial model of extraction of inulin 

 

Source 
p-value 

Prob>F 

DF Mean Square  Sum of 

Squares 

Model 0.000 9 8.35  75.15 

A-Temperature 0.001 1 13.70  13.70 

B-Time 0.004 1 9.37  9.37 

C-Ratio < 0.0001 1 42.37  42.37 

AB 0.673 1 0.11  0.11 

AC 0.021 1 4.84  4.84 

BC 0.637 1 0.14  0.14 

A² 0.912 1 0.01  0.01 

B² 0.094 1 2.10  2.10 

C² 0.056 1 2.92  2.92 

      

Residual 

Lack of Fit 

Pure Error 

Cor Total 

0.223 

 

 

8 

3 

5 

17 

0.58 

0.86 

0.42 

 4.67 

2.59 

2.08 

79.82 

R2 0.942     

R2
adj 

Adeq. precision 

0.876 

13.39 

    

 

The p-value (Prob > F) serves as an important tool in ANOVA and it is used to check the significance of the model and 

variables (Karadag et al. 2019; Singh & Singh 2022a). A value of p less than 0.05 shows a significant coefficient of model terms 

(Singh et al. 2021). According to Table 3, the p-value for the model and independent variable of C-Ratio was found to be < 

0.0001, which confirms the fitness of the designated model (Singh & Singh 2022a). Model terms A, B, and AC had p value of < 

0.05, which justifies their significance (P<0.05). Lack of fit value is essential to define the authenticity of the model and the 

fitness of the model is represented by insignificant (P>0.05) ‘lack of fit’ (Singh et al. 2021). A low lack of fit (0.223) confirms 

that the model is adequate for predicting inulin concentration. Degree of freedom (DF), which is an important interpretation of 

ANOVA, is found by the number of times a specific run with similar values for all selected independent variables is repeated in 

the designed model (Singh & Singh 2022b). In the current study, DF 5 for pure error confirms the fitness of the selected model, 

which was further confirmed by the coefficient of determination (R2) of 0.942, indicating that only 5.8% of total variation cannot 

be explained by our model. Adequate precision that measures the signal to noise (S/N) ratio of the designed model also 

authenticates the model fitness (Singh & Singh 2022b). An adequate precision value greater than 4 is desirable for a fitted model. 

In this model, an adequate precision value of 13.392 indicates a sufficient signal. 
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The final equation obtained in terms of coded factors (A: temperature (°C), B: time (min), C: liquid-to-solid (LS) ratio (mL/g)) 

is: 

 

Inulin (g/100g) = 32.050 + 1.310A – 1.080B – 2.300C – 0.167AB – 1.100AC – 0.187BC+ 0.042A2 + 0.694B2 - 0.818C2       (3) 

 

3D response surface plots of the graphical representations of regression equations are presented in Fig. 3. They show the 

relationship between responses and experimental levels and the type of interactions between two test variables. Each figure 

represents the effect of two factors on the inulin content, while the other factor was kept at zero level (center value of the testing 

range). The interactive effects of extraction temperature (°C) and time (min), extraction temperature (°C) and liquid: solid ratio 

(mL/g) and time (min) and liquid: solid ratio (mL/g) are given in Figure 3A, 3B and 3C, respectively. In the 3D plots, the navy-

blue color represents lower and the raspberry red color represents upper range variables, whereas light green color, yellow color, 

and sky blue color represent the intermediate range of the selected variables. In our model, only the interaction between the LS 

ratio and the temperature was significant (p=0.021). These figures show that an increase in the inulin content was observed when 

temperature increased and other factors (time and LS ratio) decreased.  

 

The plots showed that inulin extraction reached its maximum at a combination of temperature of 90 °C, extraction time of 30 

min and LS ratio of 10:1 mL/g. Maximum inulin content of 37.62 g/100 g dw was obtained under these parameters. Redondo-

Cuenca et al. (2021) examined optimal conditions for the extraction of inulin plus FOS from chicory root and found optimal 

parameters were 77.4 °C, 59.4 min, and 27.8 mL/g LS ratio. Tewari et al. (2015) investigated optimum conditions for microwave-

assisted extraction of inulin from chicory roots and found 90 °C, 30 min, and 40 mL/g LS ratio were the optimum parameters. 

Lingyun et al. (2007) also reported optimum conditions for inulin from Jerusalem artichoke tubers as 76.65 °C, 20 min, and 10:1 

mL/g LS ratio.  

 

 
 

Figure 3- 3D response surface plots 
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3.3. FOS content of hydrolysates 

 

FOS hydrolysates were analyzed for inulin, FOS, and residual sugar content. Also, the inulin extract used as the substrate was 

analyzed. Total FOS content was calculated as the sum of GF2, GF3, and GF4. HPLC chromatograms of FOS and residual sugars 

are shown in Figure 4. FOS, inulin, residual sugar contents of hydrolysates, and inulin extracts are given in Table 4.  

 

 
 

Figure 4- HPLC chromatograms of FOS and residual sugars 

 
Table 4- FOS, inulin and residual sugar contents of hydrolysates and inulin extract 

 

 

*: Sample names were coded as defined in Table 1. Inulin extract refers to unhydrolyzed extract obtained in the optimum conditions. All results are mean of 
triplicate determinations. Different uppercase letters represent statistical difference between different samples for each component. 

 

According to Table 4, the highest amount of FOS (statistically significant (P<0.05)) was obtained from sample E-1 (40 °C-60 min- 

enzyme hydrolysis-without buffer and acid). Although the inulin content was lower in hydrolysates using acid and buffer solution (E-

2, 3, 5, and 6), no statistically significant increase in FOS content was observed in hydrolysates E-5 and E-6. 

Contents (mg/mL) 

Samples* 

Inulin extract E-1 E-2 E-3 E-4 E-5 E-6 A-1 A-2 

Inulin 16.97±1.22A 10.82±0.75AB 7.53±0.63C 8.32±1.18BC 10.94±0.31ABC 8.33±0.51BC 9.36±0.58ABC 11.14±1.20ABC 12.84±0.95ABC 

Fructose 6.40±0.39C 6.47±0.89C 3.88±0.15D 3.77±0.36D 6.99±0.28C 3.72±0.52D 4.02±0.51D 8.83±0.37B 15.06±0.19A 

Glucose 1.95±0.32ABC 2.22±0.57A 1.17±0.17BC 1.07±0.13BC 2.02±0.22AB 0.99±0.40C 1.07±0.24BC 1.59±0.30ABC 2.25±0.45A 

Sucrose 1.95±0.49A 2.21±0.29A 1.31±0.24A 1.15±0.31A 1.96±0.96A 1.05±0.24A 1.15±0.23A 1.61±0.30A 1.73±0.24A 

1-kestose(GF2) 0.78±0.14 ABC 1.16±0.31A 0.55±0.13BC 0.44±0.16C 1.12±0.34AB 0.48±0.28C 0.53±0.15BC 0.32±0.09C 0.38±0.14C 

1-nystose( GF3) 0.82±0.10 CDE 2.35±0.27A 1.23±0.39BCD 1.41±0.20BC 1.69±0.17AB 0.93±0.22CD 1.02±0.22BCD 0.64±0.27DE 0.23±0.20E 

1F- 

fructofuranosylnystose 
(GF4) 

1.22±0.19 BCD 2.60±0.49A 1.83±0.43ABC 1.98±0.29AB 0.00±0.01E 1.12±0.26CD 1.28±0.24BCD 1.03±0.24CD 0.99±0.22D 

Total FOS 2.82±0.35CD 6.11±0.38A 3.61±0.29BC 3.83±0.37B 2.81±0.18CD 2.53±0.27D 2.83±0.20CD 1.99±0.20DE 1.60±0.52E 
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Acid hydrolysis results showed not only the lowest FOS formation but also the highest fructose content. This implies that 

acid hydrolysis might cause full hydrolysis of inulin to fructose units. The degradation of inulin to its monosaccharides was not 

targeted in this study since the functional properties are lost with degradation. Stökle et al. (2023) tested the acid hydrolysis of 

inulin to obtain fructose-enriched extracts but observed the formation of undesirable components, especially 

hydroxymethylfurfural (HMF), indicating that acid hydrolysis was not suitable to obtain FOS. Another methodology to obtain 

FOS is the transfructosylation of sucrose but previous studies reported that FOS produced from inulin hydrolysis might contain 

longer fructo-oligomer chains (DP 5-9) than the ones produced by the sucrose transfructosylation process (DP 2-4) (Dominguez 

et al. 2014; Singh et al. 2020b). Additionally, in the trans-fructosylation process, a considerable amount of by-products (unreacted 

sucrose, generated fructose and glucose) were produced, which decreases the amount of product and increases the purification 

cost (Singh et al. 2020b). 

 

Han et al. (2017) found temperature of 35 °C and pH value of 4.5 were appropriate conditions for FOS production from 

inulin, verifying the hydrolyzation at low temperatures. In contrast to our study, a lower pH value was found to be optimum for 

hydrolyzation of inulin treated with recombinant endo-inulinase enzyme-engineered Yarrowia lipolytica strain in the 

aforementioned study. 

 

3.4. Inulin purification 

 

The extraction method for inulin usually results in solutions comprising a mixture of inulin, other polysaccharides, and non-

carbohydrate compounds, mainly proteins, which should be further purified for industrial purposes (Apolinário et al. 2014; 

Perović et al. 2021). For this reason, inulin, total carbohydrate, and total protein contents of both inulin extract (before filtration) 

and inulin filtrate (after filtration) were analyzed to determine the yield of purification.  

Ultrafiltration tests with 1 and 5 kDa membranes resulted in lower inulin recovery than with 10 kDa. For this reason, only 10 

kDa membrane results are presented in this study (Table 5). 

 
Table 5- Purification* of inulin** and FOS** 

 

Sample 
Inulin or FOS 

content (mg/mL) 

Total carbohydrate 

(mg/mL) 

Total protein 

(mg/mL) 

Purity  

(%) 

Inulin extract  

(before filtration) 

23.72±1.21a** 41.74±3.05a 1.36±0.40a 55.04 

Inulin filtrate  

(after filtration) 

17.15±1.25b** 18.17±1.77b 0.77±0.21a 90.54 

FOS hydrolysate 

(before filtration) 

     13.70±1.22A***    45.38±3.86A      1.77±0.49A      29.06 

FOS filtrate  

(after filtration) 

     13.41±0.77A***    17.35±2.27B        0.68±0.18B      76.02 

 
*: All results are mean of triplicate determinations. Different lowercase letters indicate statistical difference between inulin samples in the same column, 

different uppercase letters show statistical difference between FOS samples in the same column 

 

According to Table 5, purification by ultrafiltration resulted in a statistically significant (P<0.05) reduction in the total 

carbohydrate content of inulin extract. After filtration, 94% of the total carbohydrate content was composed of inulin, proving 

that other polysaccharides were mostly removed. In the filtrate, total carbohydrate content decreased by 56.47% and protein 

content decreased by 43.39%. The purity of inulin reached 90.54% in the filtrate. 

 

There are several studies related to purification of chicory inulin by chromatographic techniques (Mavumengwana 2004), 

ion exchange resins (Zhang et al. 2022), and ultrafiltration for Jerusalem artichoke (Zhu et al. 2018), and red fruit (Pandanus 

conoideus) (Murtiningrum et al. 2020) inulin extracts. Mavumengwana et al. (2004) investigated the purification of inulin 

suspension by chromatographic techniques for color removal and tannin elimination. Zhu et al. (2018) studied ultrafiltration of 

Jerusalem artichoke extract, using a 50-kDa membrane with trans-membrane pressure of 0.3 MPa and a rotation speed of 800 

rpm. The researchers were able to obtain a filtrate with 98% inulin purity, and showed that membrane type, pressure, and rotation 

speed were factors affecting the purity. 

 

3.5. FOS purification 

 

FOS hydrolysate was purified for the removal of residual enzymes, polysaccharides, and proteins. FOS purity (%) was calculated 

as for inulin purity. Purification with the 10 kDa membrane filter resulted in the highest recovery of FOS. As can be seen in 

Table 5, FOS purification with 10 kDa membrane resulted in 97.88% FOS recovery, a decrease of 61.77% of total carbohydrate 

content, and 61.59% of protein content in the filtrate. The reduction in the total carbohydrate and protein content was statistically 

significant (P<0.05). The final purity of FOS reached 76.02%. 
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A fast protein liquid chromatography method was used by Li et al. (2013) to purify FOS from burdock and 75-95% FOS 

purity was found at different conditions. Kuhn et al. (2014) purified FOS by column chromatography to 94% purity. In the 

literature, most of the purification studies about inulin and FOS were performed using chromatographic techniques such as size 

exclusion chromatography, ion exchange chromatography, and gel permeation chromatography (Muñiz-Márquez et al. 2019). 

Although higher purity levels were reported in studies with chromatographic techniques, the main disadvantage of 

chromatographic techniques for the purification of inulin and FOS is their relatively high installation cost, energy requirement, 

and resin requirement (Muñiz-Márquez et al. 2019). Purification by membrane techniques is simpler, and easily adaptable to 

large-scale processes, and although it involves installation costs, membrane filtration technique is more cost-effective than 

chromatographic techniques (Barclay et al. 2010; Muñiz-Márquez et al. 2019). 

 

4. Conclusions 
 

The process conditions for the extraction of inulin from chicory roots were optimized by using RSM design. The results verified 

that the RSM model was suitable and reliable for actualizing the expected optimization. Hydrolyzation of inulin to FOS was 

carried out by using acid and enzyme treatments in different trials. Acid hydrolysis resulted in the degradation of inulin to 

fructose. To obtain a high-quality product, purification is necessary. In this study, the membrane filtration technique was 

preferred because of its advantages such as easy scale-up and easily manipulated critical operational variables. However, 

membrane applications to purify inulin and FOS are limited in the literature. Mostly, chromatographic separation techniques that 

require high installation and operational costs and qualified employees were used for the purification of these components. In 

contrast to complex techniques, the membrane filtration method offers a simpler, more rapid, and economical way to obtain both 

inulin and FOS from chicory roots. 
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ABSTRACT 
This scientific undertaking meticulously inspected chlorpyrifos 

degradation kinetics when interacts with assorted organic water-soluble 

fertilizer formulations. Through rigorous field experimentation, we 

evaluated the modulatory effects of organic water-soluble fertilizers on 

the kinetics of pesticide degradation. Under specific conditions, organic 

water-soluble fertilizers can promote the degradation of pesticides. The 

integration of distinct fertilizer dilutions conspicuously enhanced 

degradation, alluding to intricate concentration-dependent mechanisms. 

In our quest to decipher the underlying mechanisms, we delved into both 

the biochemical and physicochemical facets. Notably, we monitored plant 

peroxidase activity across varying concentrations of these fertilizers 

throughout the investigative period. Temporal tracking displayed 

escalated plant peroxidase activity, mirroring bolstered detoxification. 

The results of the UV degradation experiment showed no significant 

difference in the acaricide degradation rate, regardless of the presence or 

absence of organic water-soluble fertilizers. However, illumination-

induced degradation remained unperturbed by fertilization. Simulated 

rainwater cleansing was enacted on farmer’s market produce, spanning 

crucifers, asters, chenopods, and amaranths. Our assays pertaining to 

washing elucidated the capability of organic water-soluble fertilizers to 

curtail pesticide residues across representative vegetable taxa. Fertilizer 

supplementation substantially reduced chlorpyrifos residuals, especially 

in crucifers. This inquiry underscores the inherent botanical mechanisms 

of detoxification, which, when augmented by judicious fertilizer 

supplementation, culminate in the diminution of chlorpyrifos pesticide 

residues. While promising, extensive multi-crop trials are required to 

optimize assimilation strategies. Harnessing the intrinsic synergy between 

agricultural enrichment and pest mitigation, as expounded in this study, 

heralds a paradigm shift towards sustainable agriculture, ensuring both 

food security and ecological stewardship. 

 

Keywords: Chlorpyrifos degradation, Peroxidase-mediated detoxification, Pesticidal residue diminution, Photolysis and UV effects, Agricultural 

sustainability 

 

 

1. Introduction 
 

Plants possess the ability to synthesize carbohydrates via photosynthesis; however, essential elements such as nitrogen, 

phosphorus, and potassium, which are integral for the formation of vital biomolecules like proteins, must be procured through 

mineral elements present in the soil. Continuous harvesting of plants inevitably leads to a decline in these mineral elements, 

resulting in soil impoverishment. Fertilizers, serving as a crucial constituent of agricultural chemicals, assume the responsibility 

of providing plant nutrition. Fertilizers play a pivotal role in fortifying soils with mineral elements that are inherently deficient, 

a step that ensures plant growth remains unhindered by elements such as nitrogen, phosphorus, and potassium (Savci 2012). It 

is imperative to acknowledge that while these inorganic compounds are vital in compensating for nutrient scarcities, their 

excessive application may culminate in deleterious consequences such as soil acidification and aquatic pollution (Medel et al. 

2022). Fertilizers derived from organic, water-soluble sources present a viable alternative, addressing these detriments via a 

mechanism characterized by the gradual release of nutrients. 

 

Pesticides arise as indispensable constituents within the anthology of agricultural amalgamations, their cardinal purpose being 

the protection of harvests from pernicious pestilent organisms. Despite its utility, the pronounced toxic attributes of chlorpyrifos 

residues, coupled with their persistent manifestation within both plant structures and aquatic domains, invite substantial 

trepidation. The precipitous accrual of such chemical vestiges upon agricultural yields, antithetical to rigorous safety 

prerequisites, spotlights an imperative for expeditious diminution (Medel et al. 2022; Senthilkumar et al. 2022). Though 

efficacious in pest control, the implications encompass potential degradation of soil matrices, contamination of aquatic conduits, 
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threats to human health, and the fiscal implications of their synthesis and administration (Bonmatin et al. 2021; R. Ramadevi et 

al. 2022; Senthilkumar et al. 2022). Although the protective role of pesticides in plant health is indisputable, a lack of knowledge 

among farmers often leads to over-application of pesticides, and in some instances, products are sold within the safety interval 

of the pesticide, potentially jeopardizing consumer health (Philippe et al. 2021) As a consequence, there is a pressing need for 

the development of scientifically sound methodologies to reduce pesticide residues and curtail the safety interval of pesticides 

(Adhikari 2017).  

 

The organophosphorus pesticide, chlorpyrifos, known for its role in obstructing nerve impulse transmission through the 

inhibition of acetylcholinesterase enzymatic functions, has been corroborated for its efficacy against a diverse spectrum of pests 

plaguing various crops. However, abundant trepidations pervade surrounding chlorpyrifos’ overt toxicity and persistence within 

botanical and aqueous environments, underscoring the necessity of minimizing accumulations on consumable crops to uphold 

exacting safety standards. Given the concerns, we explored how organic water-soluble fertilizers might enhance microbial and 

enzymatic activities, thereby reducing chlorpyrifos residues and shortening pre-harvest intervals. This study unveils new insights 

into the synergistic interactions between fertilizers and pesticides, enriching current knowledge. Rigorous experimentation 

verified that synergistic co-applications can effectively diminish pesticide accumulations, consequently abbreviating pre-harvest 

intervals. Our experiments confirmed that using organic water-soluble fertilizers with pesticides effectively reduces pesticide 

residues and safety intervals (Niu et al. 2021). The outcomes elucidate that the synergistic application of organic water-soluble 

fertilizers in conjunction with pesticides paves the way for diminished pesticide residues, consequently abbreviating the safety 

interlude necessary before the harvested yield can be adjudicated as fit for intake. In charting the intricate coordinates of this 

scholarly passage, the undertaken empirical maneuvers have unfurled illuminating glimpses into a cardinal quandary that lies 

firmly ingrained within the expansive realm of agricultural sustainability.  

 

2. Material and Methods 
 

2.1. Experimental reagents and materials 

 

The reagents and materials were obtained from commercial sources: 

 

Acetamiprid emulsion concentrate (480g/L, Jiatong, Jiangsu Baoling Chemical Co., Ltd.) for its pesticidal properties, and 

acetamiprid (Aladdin Reagent Co., Ltd., Shanghai, China) as a reference standard for comparison purposes. Organic water-

soluble fertilizer (water-based) (Guangxi Penshibao Co., Ltd.) for its plant nutrient content. (Detailed Information on the 

Fertilizer: (1) Composition: The fertilizer is an organic multi-element compound water-soluble type, abundant in essential crop 

nutrients such as nitrogen, phosphorus, potassium, boron, zinc, manganese, and other minerals. Moreover, it encompasses 

organic nutrients like fulvic acid, amino acids, vitamins, and polysaccharides. (2) Product Features: This fertilizer grants crops 

with thorough and balanced nutrition throughout their growth cycle. It aids in tissue repair, growth promotion, and product 

quality enhancement. It's known to elevate crop immunity, catalyze enzymatic activity, bolster resistance against environmental 

adversities, augment chlorophyll content, enhance photosynthesis efficiency, and promote fruiting and flowering. (3) Chemical 

Properties: Organic Matter: ≥125g/L; Nitrogen (N): ≥100g/L; Phosphorus (P2O5): ≥50g/L; Potassium (K): ≥20g/L; Zinc (Zn): 

≥20g/L; Boron (B): ≥8g/L; Manganese (Mn): ≥2g/L;  (4) Safety and Quality Standards: The fertilizer adheres to stringent safety 

standards, with specific thresholds set for insoluble matter, heavy metals, microbial contamination, among other potential 

contaminants. The pH for a 1:250 dilution resides between 3.0 to 5.0.)  

 

 Acetonitrile, methanol, and acetone (chromatographically pure, Beijing Dimachem Technology Co., Ltd.) as organic 

solvents for extraction and analytical processes. Sodium chloride, sodium dihydrogen phosphate, and sodium phosphate 

monobasic (analytical grade, China National Pharmaceutical Group Chemical Reagent Co., Ltd., China) as reagents in the 

analytical process. Cleanert SC18-SPE (Bonna-Agela Technologies Co., Ltd.) as a sorbent material in sample preparation. 

Guaiacol (Tokyo Chemical Industry Co., Ltd., Japan) and 30% hydrogen peroxide (China National Pharmaceutical Group 

Chemical Reagent Co., Ltd., China) as reagents in the analytical process. A ceramic small grinding bowl (Guangda Hengyi Co., 

Ltd., China) for grinding and homogenizing samples, and a 2 mL centrifuge tube (Guangda Hengyi Co., Ltd., China) for sample 

storage and processing.  

 

The vegetables used in the experimental procedure, including rapeseed, lettuce, Chinese kale, spinach, and amaranth (Meili 

Meijia Supermarket, Beijing, China), were procured for use as samples. All of the aforementioned reagents and materials were 

used in the described experimental procedure, and their properties and sources have been accurately reported for transparency 

and repeatability purposes. 

 

2.2. Experimental Instruments 

 

The Agilent 1200 infinity series high-performance liquid chromatography instrument with a UV-visible light detector (Agilent 

Technologies, Palo Alto, California, USA) was used for detection, separation, and quantitative analysis. The chromatographic 

column used was the Spursil C18 column (5μm, 4.6×250mm) and the Spursil C18 guard column (5μm, 2.1×10mm). 
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Other instruments included an analytical balance, a circulating multi-functional water pump, a rotary evaporator, a freezer, 

an organic membrane, latex gloves, sterile disposable syringes, a nitrogen concentrator, a manual adjustable pipette, an ultrapure 

water system, a CNC ultrasonic cleaner, a high-speed centrifuge, a micro-injector, an electric heating blast drying oven, a vortex 

mixer, a homogenizer, a UV lamp, a homemade UV box, a UV-visible spectrophotometer, a temperature-controlled high-speed 

centrifuge, an automatic tension meter, and a CNC ultrasonic cleaner.  

 

2.3. Field trial 

 

2.3.1. Overview of the trial site 

 

The trial field for this field experiment is located in Houzhang Village, Shangzhuang Town, Haidian District, Beijing. It is 

surrounded by many villages, such as Qianzhang Village, Bajia Village, Shuangta Village, and Xixinlitun Village, and is located 

in the northwest corner of Shangzhuang. The soil in this area is fertile and belongs to the good quality loam soil of the North 

China Plain. The area has a temperate monsoon climate with little water and strong winds in spring, rainy and humid in summer, 

short and dry in autumn, and cold and frozen in winter. The average annual temperature is 12 °C, the annual precipitation is 630 

mm, with 60-70% concentrated in July and August, the annual evaporation is 1500mm, and the average annual wind speed is 

2.4 m/s. 

 

2.3.2. Experimental method 

 

The land was divided into 10 plots, each plot measuring 6 m² with a safety zone between each plot. Plots 1, 2, and 3 were 

recommended for high doses of Chlorpyrifos, with 900 mL of Chlorpyrifos diluted 1000 times applied. Plots 3, 4, and 5 were 

also recommended for high doses of Chlorpyrifos, with 900 mL of diluted Chlorpyrifos and 900μL of 1000-fold diluted organic 

water-soluble fertilizer added (Chang et al. 2020; Sun et al. 2018). Plots 5, 6, and 7 were recommended for high doses of 

Chlorpyrifos, with 900 mL of diluted Chlorpyrifos and 600 μL of 1500-fold diluted organic water-soluble fertilizer (Penshibao) 

added. Plot 10 was left as a blank control group without any Chlorpyrifos application. When the rapeseed plants were 

approximately 10 cm tall, the spraying was carried out on a windless morning. Samples were collected 3, 5, and 7 days after 

spraying. 

 

The pesticide detection method referred to GBT 20769-2008 (Pang 2018) (Determination of 450 Pesticides and Related 

Chemical Residues in Fruits and Vegetables). 

 

According to the experimental needs and the prediction of sample content, a standard substrate solution of Chlorpyrifos with 

five concentrations of 1mg/L, 0.8mg/L, 0.5mg/L, 0.1mg/L, and 0.05mg/L were prepared with small rapeseed as the substrate. 

The chromatographic peak area of each concentration was detected and the standard quantification curve of Chlorpyrifos was 

plotted, with the concentration of the Chlorpyrifos standard substance on the x-axis and the chromatographic detection integral 

area on the y-axis. 

 

The linear regression equation for the standard substrate solution of Brassica rapa subsp. chinensis is: 

 

Chlorpyrifos, y = 116.16x +28.673, R² = 0.9971 (Figure 1). 

 

Figure 1- Calibration Curve of Chlorpyrifos in Real Sample Brassica rapa subsp. chinensis 
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Table 1- The recovery and RSD of added analytes in real vegetable sample 

 

Samples  
Added concentration  

(mg/kg) 

Recovery  

rate (%) 

Average recovery  

rate (%) 

RSD 

(%) 

Brassica rapa subsp.  

chinensis 

0.005 88.7 94.8 101.4 93.2 95.3 94.7 4.8 

0.1 94.0 89.3 94.6 91.1 88.7 91.5 2.9 

0.5 97.7 94.1 95.5 86.6 93.2 93.4 4.5 

 

2.4. Biological factor - peroxidase activity 

 

The experimental area was partitioned into ten distinct plots, each encompassing 6 m² and separated by safety zones (Andreu & 

Picó 2004; Hossain et al. 2022; Pal et al. 2010; Pavlidis et al. 2020; Shalaby & Abdou 2010). Plots 1-3 were subjected to elevated 

concentrations of Chlorpyrifos, achieved by administering 900 mL of 1000-fold diluted Chlorpyrifos. Plots 4-6 received a similar 

treatment, with the addition of 900 μL of at a 1000-fold dilution. In plots 7-9, 900 mL of diluted Chlorpyrifos was supplemented 

with 600 μL of at a 1500-fold dilution. Plot 10 served as an untreated control group. When the rapeseed plants reached 

approximately 10 cm in height, the spraying was conducted on a calm morning. Samples were procured on days 3, 5, 7, and 14 

post-spraying, with experiments executed immediately following sample collection. 

 

Initially, a mortar, phosphate buffer solution, and rapeseed samples were precooled, with the mortar situated in an ice bath 

to maintain a low temperature, thereby preserving enzyme activity. A rapid weighing balance was employed to measure 0.200 g 

of fresh rapeseed leaf samples, which were subsequently added to the mortar in the ice bath for grinding. Peroxidase extraction 

was achieved using a 50 mmol/L precooled phosphate buffer solution (pH 6.0). A pipette was used to extract 600 μL of the 

phosphate buffer solution, which was then transferred to a 2 mL centrifuge tube. Following this, 500 μL of enzyme solution was 

extracted twice, ultimately combining with the initial extract. The resulting mixture was subjected to temperature-controlled 

high-speed centrifugation at 4°C and 12,000 g for 20 minutes. The supernatant was then aspirated and stored in a refrigerator. 

 

The instrument was zeroed using a blank phosphate buffer solution. A 3 mL aliquot of the reaction solution was withdrawn 

using a pipette, and 40 μL of the test enzyme solution was introduced. The solution was promptly mixed with a pipette and 

positioned within a UV-visible spectrophotometer. The enzyme-catalyzed reaction ensued, yielding a colored product 

quantifiable by the UV-visible spectrophotometer. The OD470 alteration curve within 15 minutes was constructed using the 

spectrophotometer, with the curve's slope signifying the reaction rate. Peroxidase activity can be denoted as the change in OD470 

per minute multiplied by 100, with the unit being U. Lastly, enzyme activity was converted to the per gram of fresh weight of 

rapeseed enzyme activity value (Singh et al. 2004).  

 

2.5. Non-biological factor - light exposure 

 

2.5.1. Experimental design 

 

A 175 W UV mercury lamp served as the light source for the investigation (Hossain et al. 2013), Plots 1-3 comprised a 5 ppm 

solution of Chlorpyrifos (water: methanol = 1:1), while plots 4-6 contained a 5 ppm solution of Chlorpyrifos combined with a 

1000-fold diluted organic water-soluble fertilizer. Plots 7-9 were treated with a 5 ppm solution of Chlorpyrifos and a 1500-fold 

diluted organic water-soluble fertilizer. Plots 10-12, which housed a 5 ppm solution of Chlorpyrifos, were maintained in darkness 

as a control group. Following 0, 10, 25, and 45 minutes of exposure, samples were collected and analyzed using high-

performance liquid chromatography (HPLC). 

 

2.5.2. Standard curve 

 

An external standard method was employed, with Chlorpyrifos concentration plotted on the x-axis and chromatographic peak 

area on the y-axis to construct a standard curve for subsequent quantitative analysis. 

 

Standard Curve:    y = 9.8016 x+0.0478     R2=0.9999 (Figure 2) 
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Figure 2- Calibration Curve of Chlorpyrifos 

 

2.6. Surface activity verification experiment 

 

2.6.1. Instrumentation 

 

A JK99B automatic tensiometer (brand: POWEREACH, Shanghai Zhongchen Digital Technology Equipment Co., Ltd.) was 

utilized for the experiments. 

 

2.6.2. Experiment 

 

The gradient dilution method was implemented: The organic water-soluble fertilizer, sourced from Guangxi Penshibao Co., Ltd., 

was chosen for its specific nutrient composition, which plays a pivotal role in its properties and efficacy. A 2% organic water-

soluble fertilizer solution was prepared and successively diluted by 2-fold to generate a series of gradient solutions, specifically 

2%, 1%, 0.5%, 0.25%, and 0.125%. The platinum plate method was employed to measure surface tension values, with three 

parallel measurements executed for each group (a platinum plate is immersed in the test solution and subsequently lifted, with 

the surface tension value recorded upon detachment from the liquid surface). The surface tension of pure water at room 

temperature is 72 mN/m. 

 

2.7. Non-biological factor - facilitates pesticide dissolution experiment 

 

2.7.1. Experimental method 

 

Experimental Design 

 

Four experimental groups were established using four stainless steel pans, each containing 2 L of deionized water and 2 mL of 

Chlorpyrifos emulsion (formulated as a 1000-fold diluted solution of Chlorpyrifos). Groups 1 and 2 did not incorporate organic 

water-soluble fertilizer. Group 3 introduced 2 mL of a 1000-fold diluted solution of organic water-soluble fertilizer, while Group 

4 added 665 μL of a 1500-fold diluted solution of organic water-soluble fertilizer, administered twice. Equal quantities of oilseed 

rape were submerged in the pesticide solution in each stainless-steel pan, stirred thrice, and subsequently removed and dried. 

 

Upon drying, the samples were cleansed. Group 1 remained unwashed, whereas the other groups were rinsed with 2 L of 

deionized water, employing the same soaking and stirring protocol, and then dried. Ultrasonic extraction was utilized for analysis 

(Balkan & Yılmaz 2022; Ikeura et al. 2011). The oilseed rape plants chosen for the experiments were specifically in the vegetative 

growth stage, at the rosette phase, ensuring uniform developmental progression among all specimens. Each plant consistently 

presented an average of 8-10 leaves. Three oilseed rape plants were randomly chosen for each group as parallel samples. Each 

plant was accurately weighed to 0.800 g in a centrifuge tube, and 8.00 mL of methanol was introduced to extract the Chlorpyrifos 

residue on the leaf surface. The solution was sonicated for 20 min and analyzed via liquid chromatography. 
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Solvent optimization 
 

Table 2- The influence of different solvents on extraction recovery of chlorpyrifos 

 

Vegetables 

（Family） 

Vegetables 

（Species） 

Solvent  

optimization 
Optimization 

 result 

Brassicaceae 

 

Brassica rapa 

subsp. 

Chinensis 

 

 

Methanol 

 

Asteraceae 

 

Brassica 

napus subsp. 

oleifera 

 

Acetone 

Lactuca sativa 

  

Acetonitrile 

Amaranthaceae 
Spinacia 

oleracea 

 

Methanol 

 

Amaranthus 

tricolor 

Amaranthus 

spp. 

 

Acetone 

 
Precisely weigh 0.800 g of intact vegetable leaves and use a microsyringe to draw up 80 μL of a 1000 mg/kg stock solution 

of chlorpyrifos in methanol, achieving a concentration of 100 mg/kg. Gradually dispense one drop in 40 steps, with each drop 

approximately 2 μL, lightly touching the leaf surface to establish contact with the droplet. Repeat this process 40 times to 

uniformly coat the leaf surface with 40 small droplets. Allow the leaves to rest for 20 minutes for methanol evaporation before 

placing the pesticide-treated leaves in a 10 mL centrifuge tube. Add 8 mL of ultrasonic extraction solvent (methanol, acetonitrile, 

or acetone, with three replicates for each solvent) and sonicate for 20 minutes. Analyze the methanol extract using high-

performance liquid chromatography to calculate the recovery rate. The solvent exhibiting the highest recovery rate is selected as 

the optimal solvent for subsequent experiments. 
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Calibration Curve 

 

Table 3- Calibration curve of chlorpyrifos on different vegetables 
 

Vegetables（Family） 
Vegetables 

（Species） 
Calibration Curve* R2 

Brassicaceae 

 

Brassica rapa subsp.  

Chinensis 

 

 y=0.6831x+6.0689 

0.9946 

Asteraceae 

 

Brassica napus  

subsp. oleifera 

y=0.7885x-0.6840 

0.9969 

Lactuca sativa 

y=0.7338x+0.3889 

0.9911 

Chenopodiaceae Spinacia oleracea 

y=0.7143x+0.3889 

0.9985 

Amaranthaceae 

 

Amaranthus spp. 

 

 y=0.9970x-2.3032 

0.9996 

 

*: The adding concentrations are 10mg/kg， 30mg/kg，50mg/kg，100mg/kg，200mg/kg 

 

The specific experimental procedure entails the following steps: accurately weigh 0.800 g of vegetable leaves and utilize a 

micro-syringe to draw the appropriate volume of the stock solution for each desired concentration. Gradually dispense a droplet 

multiple times, with each droplet measuring approximately 2 μL, gently touching the leaf surface such that the droplet merely 

contacts the surface and is adsorbed onto the leaf due to surface interactions. This process is repeated numerous times to 

uniformly coat the leaf surface with small droplets. Allow the leaves to rest for 20 minutes for methanol evaporation before 
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placing the treated leaves in a 10 mL centrifuge tube. Add 8 mL of ultrasonic extraction solvent, sonicate for 20 minutes, and 

analyze the solvent extract using high-performance liquid chromatography to calculate the recovery rate and construct the 

standard curve. 

  

3-Results and Discussion 
 

3.1. Results of field control trials 

 

The empirical outcomes suggest that subsequent to the administration of the organic water-soluble fertilizer, there was a marked 

diminution in the remnants of pesticides. Specifically, pesticide residue levels after adding 1500-fold diluted organic water-

soluble fertilizer for 3 and 7 days were approximately half of those without its addition. In contrast, the concentration of 1000-

fold diluted organic water-soluble fertilizer did not exhibit any noticeable change in pesticide residue in comparison to samples 

without the fertilizer (Figure 3). This intimates a potential dependency on concentration. Subsequent experimental designs might 

explore the precise interplay between the promotion of degradation and the gradations of organic fertilizer dilution, aiming to 

discern the ideal dilution for optimal efficacy. The meticulous calibration of such dilution models is of utmost importance for 

the articulation of efficacious application protocols. 

 

 
  

Figure 3- The influence of organic water-soluble fertilizer on degradation curve of chlorpyrifos 

 

3.2. Biological factor - peroxidase activity results 

 

The experimental data underscore that during the initial 7-day period, the peroxidase activity remained relatively constant across 

all vegetable samples, irrespective of the application of organic water-soluble fertilizers. (Figure 4) However, as the days 

progressed, a noticeable difference emerged. Particularly after the 7-day mark, vegetables that received the organic water-soluble 

fertilizer treatment showed a surge in peroxidase activity. The peak difference was observed at 14 days, suggesting that the 

organic water-soluble fertilizer might be playing a more pronounced role in influencing enzyme activity over extended periods. 

This could potentially be attributed to the gradual absorption and utilization of the nutrients present in the fertilizer by the plants. 
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Figure 4- The influence of organic water-soluble fertilizer on the activity of peroxidase 

 

The meticulous calibration of such dilution models is of utmost importance for the articulation of efficacious application 

protocols. Enzymes of the peroxidase family are instrumental in plant detoxification endeavors. The surge in their activity 

suggests an augmented detoxification apparatus, aligning seamlessly with the documented diminution in pesticide residues. 

 

The organic water-soluble fertilizer may be catalyzing this detoxification process in the oilseed rape leaves, thereby ensuring 

a healthier vegetable yield with reduced pesticide content. The specific mechanisms could involve upregulation of certain 

detoxification enzymes or metabolic pathways by active ingredients in the fertilizer.  

 

Advanced transcriptomic or proteomic analyses could potentially elucidate the genetic underpinnings bolstering 

detoxification in the presence of fertilizer supplementation. This insight aligns coherently with prior scholarly endeavors 

highlighting the versatile roles of peroxidases in plant defense mechanisms. These enzymes, besides their role in detoxification, 

are integral to the reinforcement of plant cellular architectures and enhancing adaptability to a plethora of stress conditions. It 

becomes compelling to theorize that organic water-soluble fertilizers may be magnifying these intrinsic vegetal defense systems, 

thus furnishing an augmented barrier against pesticide accrual. 

 

In synthesizing the observations, the evident amplification in peroxidase activity, modulated by the presence of organic water-

soluble fertilizers, necessitates additional academic exploration. A profound exploration of the constituents within these 

fertilizers and their nexus with plant biochemistry could illuminate pioneering tactics for sustainable agronomy. Through 

judicious tailoring of fertilizer compositions, we might envision a scenario wherein flora not merely assimilate vital growth 

nutrients but concurrently fortify their innate defensive armamentarium against extrinsic contaminants, including pesticides 

(Saparrat et al. 2010).  

 

3.3. Non-biological factors - light exposure experiment results 

 

As demonstrated in the Figure 5, the chlorpyrifos concentration stored in the dark remained stable throughout the experiment, 

indicating that pesticide hydrolysis during this period was markedly slower than photolysis, which underscores the difference 

between hydrolytic and photolytic degradation processes. Specifically, hydrolysis, which occurs in the absence of light, is often 

a slower process when compared to photolysis, where light serves as a catalyst to promote degradation. Nonetheless, the addition 

of various concentrations of organic water-soluble fertilizer did not significantly accelerate the photolysis reaction compared to 

the chlorpyrifos solution without organic water-soluble fertilizer. While these constituents might have a role in nourishing the 

soil or promoting plant health, their interaction with pesticides, in this case chlorpyrifos, seems minimal with respect to 

photodegradation. A plausible conclusion here is that the organic matter present in the fertilizer does not engage in any significant 

interactions leading to the indirect photolysis of chlorpyrifos, as supported by references (Graça et al. 2017; Wang et al. 2000). 

Thus, the overarching degradation effect of the organic water-soluble fertilizer on chlorpyrifos might be facilitated through other 

mechanisms, potentially biological or chemical, rather than the promotion of photolysis. Ensuing investigations might navigate 

these ancillary routes, facilitating a comprehensive comprehension of the dynamic interplay between organic fertilizing agents 

and pesticidal compounds. 
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Figure 5- The influence of organic water-soluble fertilizer on photodegradation curves of chlorpyrifos 

 

3.4. Surface Activity of Organic Water-soluble Fertilizer 

 

Figure 6 delineates the intricate interplay of surface tension dynamics associated with organic water-soluble fertilizers, 

accentuating a pronounced surfactant-like behavior. Upon systematic escalation of the fertilizer's mass fraction, an unequivocal 

attenuation in surface tension becomes manifest, culminating in a stabilization plateau at a 2% threshold. Such observations not 

only attest to the inherent amphiphilic nature of the fertilizer but also insinuate a labyrinthine compositional matrix. 

Predominantly, specific molecular entities, perhaps surfactants or analogous amphiphilic moieties within the fertilizer, emerge 

as the plausible catalysts orchestrating this surfactant-like behavior. 

 

 
 

Figure 6- surface tension curves of organic water-soluble fertilizer 

 

This amphiphilic characteristic, intrinsically embedded within the fertilizer, fosters a propitious milieu for synergistic 

interactions with hydrophobic pesticidal agents, epitomized by chlorpyrifos. Envisage an intricate dance where the lipophilic 

factions of the fertilizer entwine with the non-polar pesticide moieties, concurrently, the polar factions are immersed in an 

aqueous continuum. This orchestrated interplay precipitates a marked diminution in pesticide residues, accentuated post-aqueous 

events such as precipitation or intentional irrigation, thereby truncating the requisite safety interludes preceding vegetable 

ingestion. Such a mechanism proffers an avant-garde stratagem to efficaciously modulate pesticide residues. 

 

Contemporary scholarly treatises, as corroborated by references (Sundaram & Sundaram, 1994; Pinto et al.2015), resonate 

with this narrative, spotlighting the synergistic interplay of humic acid vis-à-vis chlorpyrifos. These molecular dalliances can be 

adeptly leveraged to further mitigate pesticidal residues on flora, particularly subsequent to ablution in the presence of organic 

water-soluble fertilizers. 

 

3.5. Non-biological factors - Effects of Spraying Organic Water-soluble Fertilizer on Pesticide Dissolution 

 

3.5.1. Results and analysis of cruciferous vegetables (rapeseed) 
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In this study, rapeseed specimens imbued with pesticides underwent aqueous ablution to quantify residual pesticide levels. 

Comparing the experimental group treated with organic water-soluble fertilizer to the group without it, a decrease in residual 

pesticide concentration was observed with the addition of Organic water-soluble fertilizer. The residual rate after washing was 

76%, a 28% reduction compared to the group without Organic water-soluble fertilizer.  

 

The notable decrement in persistent pesticidal contaminants accentuates the formidable potential of organic water-soluble 

fertilizers, positing them as an efficacious paradigm in the pursuit of agricultural products of heightened purity and security. 

Concurrently, this underscores an emergent trajectory toward the attenuation of an entrenched reliance upon synthetic chemical 

agents in pest deterrence. 

 

An examination of the experimental groups with different concentrations of Organic water-soluble fertilizer revealed that the 

group with a higher 1000-fold concentration exhibited the least pesticide residue, with a residue rate decrease of 41%.  

 

The postulated mechanism responsible for this discernment is predominantly anchored in the surfactants that are intrinsic to 

the composition of organic water-soluble fertilizers. These surfactants, esteemed for their amphiphilic characteristics, are posited 

to augment the dissolution of pesticides, particularly in the context of natural rainfall or controlled irrigation techniques. Such a 

supposition aligns seamlessly with the venerated role of surfactants in augmenting the solubility of hydrophobic entities within 

aqueous mediums. 

 

Consequently, it can be concluded that adding Organic water-soluble fertilizer organic water-soluble fertilizer to rapeseed 

reduces pesticide residues. The reduction mechanism may involve surfactants in organic water-soluble fertilizer dissolving more 

pesticides into water during natural rainfall or artificial cleaning. Organic water-soluble fertilizer, a water-soluble organic 

fertilizer, contains organic matter such as humic acid. Evidence indicates that humic acid can increase the apparent solubility of 

pesticides, with a linear correlation between the apparent solubility of pesticides and humic acid concentration. Empirical data 

indicates that humic acid demonstrates an aptitude for elevating the ostensible solubility of pesticides, with linear correlation 

observed between pesticide ostensible solubility and humic acid concentration. Thus, it can be inferred that organic water-soluble 

fertilizer organic water-soluble fertilizer reduces pesticide residues and decreases the safety interval for rapeseed. 

 

3.5.2. Results and analysis of asteraceae vegetables (lettuce) 

 

Amaranth, a member of the Asteraceae family, is relatively easy to wash, exhibiting a residue rate of 78% after washing with 

water. The inherent ease of washing Amaranth might be attributed to its leaf structure or the nature of its epidermal layer, which 

might be less adhesive to pesticide residues compared to other vegetables.  

 

Upon the addition of a 1500-fold concentration of organic water-soluble fertilizer, the pesticide residue rate decreased by 

11%. Whereas a modest decrement in residual concentrations suggests that even at augmented concentrations, the organic 

hydrophilic nourishment manifests a non-trivial influence upon the dissolution dynamics of pesticidal residues. More strikingly, 

with a 1000-fold concentration of the organic water-soluble fertilizer, the residue rate decreased by 32%. This substantial drop 

at a lower concentration might hint at an optimal concentration range where the fertilizer exhibits maximal efficiency in aiding 

pesticide dissolution. 

 

Among the four vegetable types examined, organic water-soluble fertilizer demonstrated a significant effect in reducing 

pesticide residues on Amaranthaceae vegetables such as amaranth, second only to cruciferous vegetables.  

 

Such specificity in action suggests that different vegetable families, due to their unique anatomical and biochemical traits, 

might interact differently with the organic water-soluble fertilizer. For instance, the waxy cuticle of cruciferous crops could 

facilitate surfactant interactions, while certain secondary metabolites in Asteraceae vegetables may preferentially bind with 

humic acids. Discerning attributes idiosyncratic to discrete categories could pave the way for a more tailored formulation of 

nutriments. The paramount inference drawn from these rigorous experiments is the revelation that organic water-soluble 

fertilizers precipitate a substantive diminution in pesticide residues. This is most salient in the context of cruciferous vegetables 

and those of the Amaranthaceae family. The empirical evidence presented furnishes a persuasive justification for prudently 

incorporating organic hydrophilic supplements within established agricultural frameworks, particularly for botanical varieties 

exhibiting a pronounced susceptibility to pesticidal treatments.  

 

As for the underlying mechanism, it's postulated that surfactants and humic acid present in the organic water-soluble fertilizer 

play pivotal roles in promoting pesticide dissolution in water. Surfactants, by their nature, reduce the surface tension of water, 

potentially allowing for better penetration and removal of pesticide residues from the vegetable surfaces. Humic acid, on the 

other hand, might be binding to the pesticide molecules, enhancing their solubility and consequently their ease of removal. For 

a holistic epistemological panorama, it stands to reason that the orchestration of further investigative undertakings, plumbing the 

depths of these postulated mechanistic underpinnings, will either vindicate or challenge these suppositions, thereby amplifying 

our grasp of the cardinal function of organic water-soluble fertilizers in residue diminishment. 

3.5.3. Summary of vegetable experiments 
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The results shown in Figure 7 demonstrate that the utilization of water  soluble fertilizer has an effect, on decreasing the levels 

of pesticide residue in different kinds of vegetables belonging to the Cruciferae, Asteraceae, Chenopodiaceae and Amaranthaceae 

families. This corresponds with the pattern we observed in our research, where organic water soluble fertilizers successfully 

lower pesticide residues, across plant groups. Cruciferous vegetables represent the most abundant and diverse edible vegetable 

group. For a holistic epistemological panorama, it stands to reason that the orchestration of further investigative undertakings, 

plumbing the depths of these postulated mechanistic underpinnings, will either vindicate or challenge these suppositions, thereby 

amplifying our grasp of the cardinal function of organic water-soluble fertilizers in residue diminishment. This could explain the 

pronounced pesticide residue reduction observed in crucifers. Organic water-soluble fertilizer organic water-soluble fertilizer 

exhibited the strongest effect in reducing pesticide residues on cruciferous vegetables, indicating potential applicability in 

agricultural production for residue reduction.  

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7- The influence of organic water-soluble fertilizer on the quantity of pesticide residue on Cruciferae vegetables, 

Asteraceae vegetables, Chenopodiaceae vegetables, Amaranthaceae vegetables 
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Additionally, the organic hydrophilic nourishment delineates a salient influence in attenuating pesticidal remnants on verdant 

consumables hailing from the taxonomies of Asteraceae and Amaranthaceae, as well as other taxonomic groupings. These 

discernments evoke the nuanced versatility of this approach across a diverse spectrum of botanical classifications, signifying a 

pivotal evolution in approaches to ameliorating challenges associated with pesticide residues. The broad efficacy across 

botanically diverse vegetables implies that the mechanisms of pesticide dissolution promoted by organic water-soluble fertilizers 

are not strictly limited to specific plant taxa. The phenomena of surfactant-mediated effects coupled with humic acid 

complexations seem to be ubiquitously exhibited across an array of foliaceous vegetables. However, fine-tuning fertilizer 

compositions to match the properties of certain vegetable groups could further maximize pesticide residue removal. 

 

4. Conclusions and Outlook 
 

Traditionally, agricultural chemicals have been distinctly categorized into two groups: pesticides for plant protection and 

fertilizers for plant nutrition. With advancing research, the scientific community has proposed the novel concept of integrating 

fertilizers and pesticides. A growing body of evidence suggests that the combined application of pesticides and fertilizers can 

yield higher crop productivity or improved quality compared to the sole use of fertilizers. This study explores the integration of 

fertilizers and pesticides to reduce pesticide residues, thus enriching the theory of fertilizer and pesticide integration. This erudite 

inquiry delves into the intricate confluence between nutrient supplements and pesticidal entities, aiming to diminish the 

persistence of pesticidal traces, thus rejuvenating the theoretical underpinnings of their symbiotic orchestration. 

 

Initially, this study confirmed through field experiments that organic water-soluble fertilizer promotes the degradation of the 

insecticide imidacloprid. Subsequently, the underlying mechanism of this promoting effect was examined, focusing on two 

primary factors - biological and non-biological factors. Biological factors were primarily illustrated through field experiments 

demonstrating that, after a certain period, organic water-soluble fertilizer can enhance peroxidase activity, thereby augmenting 

its detoxification effect and reducing pesticide residues. Non-biological environmental factors are divided into photolysis and 

rainwater washing. Photolysis experiments indicated that the addition and concentration of organic water-soluble fertilizer did 

not significantly influence pesticide degradation. Washing experiments, simulating rainwater washing, were conducted on five 

common vegetables from four families - cruciferous, Asteraceae, Chenopodiaceae, and Amaranthaceae - and demonstrated that 

the residue rate of imidacloprid in vegetables with added organic water-soluble fertilizer decreased. 

 

This decremental phenomenon was conspicuously manifest in cruciferous species, insinuating singular interplays between 

their ceraceous exteriors and the active moieties of the nourishment. In summation, this investigative endeavor, wielding a 

quintessential organic hydrophilic nourishment in tandem with a conventional insect deterrent, riveted its focus upon its prowess 

to catalyze pesticide degradation. The empiricism affirms that such nourishments can be instrumental in attenuating imidacloprid 

remnants, thus fortifying the theoretical edifice of nourishment and pesticidal integration. While this scholarly pursuit bequeaths 

seminal empirical foundations, the clarion call for additional investigative depth remains, aimed at unraveling the intricate 

tapestry underpinning pesticidal residue diminution via organic nourishments. Nuances encompassing optimal nourishment 

matrices, dosage interplays, and temporally calibrated applications warrant exploration across an expansive spectrum of 

pesticidal-crop dyads. The symbiotic deployment of pesticidal agents and nourishments, especially those of the hydrophilic foliar 

ilk, looms as an indomitable fulcrum in the odyssey toward agronomic modernization. 

 

The seamless integration of plant nutrition, plant protection, health concerns arising from pesticide use, and soil issues caused 

by fertilizers theoretically aligns with the developmental requirements of modern agriculture and supports the exploration and 

advancement of innovative agricultural technologies in the future. 
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ABSTRACT 
Growing African Indigenous Vegetables (AIVs) is an innovative way to 

address poverty and malnutrition problems in Zambia. Farmers’ 

bargaining power plays an important role in increasing AIV production 

and farmers’ income. Based on 300 responses from Zambian AIV 

farmers, we defined AIV farmers’ bargaining power and analyzed its 

benefits to farmers and the AIV industry. We used the ordered logistic 

regression model (OLRM) to analyze the influence of several factors that 

contribute to farmers’ bargaining power, and then used the interpretative 

structural modeling (ISM) to analyze the relationship and hierarchical 

structure between the effects. Four key results and innovations arose from 

the analysis of the data. First, we defined farmers’ bargaining power 

through their self-reported bargaining power. Second, we found that the 

respondents’ bargaining power was significantly influenced by seven 

variables: age, gender, education, main trading partners, awareness of 

AIV prices, and distance to the market from the farm. Third, the main 

trading partners and awareness of AIV prices are surface direct factors, 

gender, education and distance to the market from the farm are middle 

indirect relationships, and age, belong to any community are deep root 

factors. Last, farmers’ bargaining power can be improved through 

education, especially women’s education level, strengthening farmers’ 

organization construction, altering some of the farmers’ trading methods, 

and developing infrastructure. Overall, we found that bargaining power 

has played an important role in obtaining higher prices, getting faster 

payment, getting more income from AIV sales, and expanding AIV 

planting areas for farmers. 
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1. Introduction 
 

Sub-Saharan Africa is the only region in the world where hunger is prevalent in over one-third of the population, and people 

have been threatened by low income and malnutrition for decades (Cumani & Rojas 2016). In Zambia, 60% of the population 

lives below the poverty line, and 42% are considered in extreme poverty (World Bank 2017). Because of poverty, many children 

suffer from micronutrient deficiency, and Zambia is one of the most nutritionally deficient countries in the world (Nkobole et al. 

2016). 

 

Increased production and consumption of African Indigenous Vegetables (AIVs) would help address problems related to 

nutrition and increase food supply and income for rural households (Mwadzingeni et al. 2021). In 2019, Africa produced 192.1 

million tons of cassava, which feeds nearly 800 million people in West Africa. Yam production of 72.4 million tons is an 

important component of the region's economic development (Arumugam et al. 2022). Moreover, the AIVs such as amaranth, 

nightshade, African eggplant, jute mallow, and okra, can provide African people with nutrients (Yang et al. 2009; Byrnes et al. 

2017; Gogo et al. 2017; Hoffman et al. 2018) and help reduce the number of nutrition-related diseases in Africa (Kamga et al. 

2013; Weller et al. 2015). Additionally, except for the contributions made to food security, as a commercial product, AIVs have 

immense potential for creating employment opportunities and increasing household income in rural as well as peri-urban areas 

(Gido et al. 2016), which is becoming a source of income for smallholder farmers in some regions such as Arumeru, Tanzania 

and Kiambu, and Kenya (Shackleton et al. 2010).  
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Despite AIVs’ vital role in improving health and nutrition, their popularity in production is much lower than staple crops 

such as maize and even far less than European-introduced vegetables (Ayua et al. 2017; Weller et al. 2015; Chepkoech et al. 

2023). Due to various restrictions, AIVs are in short supply, primarily neglected, and have in the past been considered “poor 

people’s” plants (Muhanji et al. 2011). Some researchers conclude that the main reasons are that AIVs are prone to deterioration 

(Gogo et al. 2017) and the non-availability of improved seeds (Adebooye et al. 2005). While those factors contribute to current 

constraints, others argue that the most important constraint relates to market factors (Shackleton et al. 2010). By strengthening 

the value chain, the potential of AIVs as food can be unleashed and become a significant way to address Africa’s food security 

and nutrition problems (Weller et al. 2015; Kansiime et al. 2018).  

 

In many Sub-Saharan African countries, farmers’ uncertainty about market prices is usually high, and traders may take 

advantage of farmers’ ignorance of the market price and extract rent from them by offering very low prices for their products 

(Courtois & Subervie 2015). Bargaining power, as the ability of farmers to negotiate better conditions for the sale of their produce 

(including such factors as price, timing, quantity, and quality) (Gebert 2010), plays an important role in promoting farmers’  

market status (Falkowski et al. 2017). If a farmer has more bargaining power, she/he may earn more in the AIVs’ selling market 

through improved farmers’ selling prices, leading to increased farmers’ income and market participation enthusiasm.  

 

Previous studies have discussed the factors affecting bargaining power from different angles. Some works refer to production 

factors, such as farm size (Dries et al. 2009), the distance between a farm and its contractor (Falkowski 2012), farmers outside 

options (Vandeplas et al. 2013), and even the development and introduction of irrigation (Mwangi & Crewett 2019). Other 

studies have reported on power relations within the food supply chain and farmers’ marketing decisions (Hingley 2005; Fischer 

et al. 2007; Leat & Revoredo-Giha 2008). Momanyi et al. (2015) thoroughly studied group marketing and concluded that group 

marketing can make full use of the advantages of production and sales clusters to improve bargaining power and obtain better 

sale prices. Handschuch and Wollni (2016) studied gender factors in price-fixing in western Kenya, and results show that female 

farmers may obtain higher selling prices when participating in a group. Additionally, other studies have focused on Market 

Information Services (MIS) (Courtois & Subervie 2015) and a streamlined and effective sales system (Bauhardt et al. 2015), 

finding that MIS can improve farmers’ bargaining power and then increase their profits. 

 

However, although there are many related studies, systematic research on the bargaining power of AIV farmers has not yet 

been reported. Therefore, in this paper, we address the following three questions: (1) Do Zambian farmers have enough 

bargaining power to sell AIVs? (2) If they obtain more bargaining power, what benefits would accompany that new position? 

(3) What are the factors that influence their bargaining power? What is the structure of the influencing factors? 

 

2. Material and Methods 
 

2.1. Sample selection 

 

The analysis is based on the survey data gathered in Zambia, a landlocked country in south-central Africa where agriculture is 

predominantly dependent on rain-fed subsistence farming. The survey, which included 300 participating respondents, each 

involved in AIV small-scale production, was conducted in October and November of 2015. There were a total of five districts 

interviewed: Lusaka province (including Lusaka and Chongwe) and Chipata, Lundazi, Katete, and Petauke districts from Eastern 

Province (including 50 producers from Lusaka, 50 from Katete, 50 from Chipata, 75 from Lundazi, and 75 from Petauke). The 

interviewees were mostly farmers who belonged to ready-made cooperatives. 

 

A structured questionnaire was used to collect information about the respondents’ household demographics, land ownership, 

assets, labor allocation, vegetable production, marketing, access to financial capital, and constraints in AIV farming. The survey 

was conducted in English and the native provincial language. Along with the sixteen interviewers trained in questionnaire 

handling and the local languages (Bemba, Nyanja, etc.), data associates, district managers, and technology transfer officers in 

the eastern province conducted the survey. Numerators were trained to be engaged in such surveys; each completed the CITI 

(Collaborative Institutional Training Initiative) certificate, and each respondent agreed to be interviewed following proper 

protocols. The survey was designed to specifically collect data about nine AIVs, namely: amaranth, nightshade, spider plants, 

cowpea, jute mallow, kale, sweet potato leaves, orange sweet potato, and okra. These were the most popular AIVs reported in 

an earlier focus group and prior studies in these same geographical regions. 

 

2.2. Extraction of influencing factors 

 

Many factors influenced AIV farmers’ bargaining power, including individual and family characteristics, production and 

organizational characteristics, and market characteristics (Shackleton et al. 2010; Muhanji et al. 2011; Krause et al. 2019; Vivas 

et al. 2022). The results of Arumugam et al. (2022) showed that older people have more bargaining power, men have more 

bargaining power, and more educated farmers have more bargaining power. Moreover, production and organization 

characteristics also play an important role in influencing farmers’ bargaining power. Some studies find that farmers who contact 

the market frequently and have benefited from the MIS program usually have more bargaining power (Courtois & Subervie 

2015). Therefore, based on the above study, we selected three aspects of individual and family characteristics, production and 
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organizational characteristics, and market characteristics to measure the factors influencing the bargaining power of AIV farmers. 

Among them, individual and family characteristics include age, gender, and education. Production and organizational 

characteristics include AIVs planting proportion, changing production costs, belong to any community. Market characteristics 

include main trading partners, nearest market meet frequency, awareness of AIVs prices, and distance to market from the farm 

(Table 1). 

 
Table 1 – Variables definition and description 

 

Category Variables Symbol Definition Mean SD 

Dependent variable bargaining power BP 

1=full bargaining power 

1/2=half bargaining power 

1/3=one-third bargaining 

power 

0=no bargaining power 

0.702 0.342 

Independent 

Variables 

Individual and 

family 

characteristics 

age age Actual age 45.370 13.025 

gender gender 1=male; 0=female 0.790 0.408 

education 

edu2 
1=primary and below; 

0=others 
0.620 0.501 

edu3 1=secondary; 0=others 0.200 0.401 

edu4 1=college; 0=others 0.160 0.370 

edu5 1=university; 0=others 0.020 0.140 

Production and 

organizational 

characteristics 

AIVs planting 

proportion 
planting 

AIVs planting area/total 

planting area 
29.278 25.643 

changing 

production costs 

cost_in 1=increased; 0=others 0.560 0.497 

cost_de 1=decreased; 0=others 0.110 0.318 

belong to any 

community 
community 1=belong; 0=not 0.970 0.171 

Market 

characteristics 

main trading 

partners 

partner_con 
1=Direct to consumers or 

roadside stands; 0=others 
0.080 0.272 

partner_mar 
1=Direct to supermarkets or 

retailers; 0=others 
0.740 0.439 

nearest market meet 

frequency 

market_daily 1=daily; 0=others 0.200 0.398 

market_twice 1=twice a week; 0=others 0.110 0.318 

market_thrice 1=thrice a week; 0=others 0.020 0.140 

market_weekly 1=weekly; 0=others 0.660 0.473 

awareness of AIVs 

prices 
price 

1=aware of AIVs prices 

before sale; 0=not  
0.830 0.373 

distance to market 

from the farm 
distance Average distance of all AIVs 5.387 14.866 

 

2.3. Method 

 

This study is based on the ordinal logistic regression model (OLRM), which is typically used to solve cumulative approach 

problems. Generally, when the outcome represents an underlying continuous scale subdivided into several categories, the most 

adequate modeling framework is a cumulative approach (Fullerton 2009). The OLRM can be written as follows (Williams 2006): 

 

𝑃(𝑌𝑖 > 𝑗) = 𝑔(𝑋𝑖 > 𝛽𝑗) = {
𝑒𝑥𝑝(𝛼𝑗 + 𝑋𝑖𝛽𝑗)

1 + [𝑒𝑥𝑝(𝛼𝑗 + 𝑋𝑖𝛽𝑗)]
⁄ }                                                                                         (1) 

 

In formula (1), j=1, 2,…, M-1, where M is the number of categories of the ordinal dependent variable. From the above, it can 

be determined that the probabilities that Y will take on each of the values 1, …, M are equal to 

 

𝑃(𝑌𝑖 = 1) = 1 − 𝑔(𝑋𝑖𝛽𝑗)                                                                                                                                                                (2) 

 

𝑃(𝑌𝑖 = 𝑗) = 𝑔(𝑋𝑖𝛽𝑗−1) − 𝑔(𝑋𝑖𝛽𝑗)                                                                                                                                                 (3) 

 

𝑃(𝑌𝑖 = 𝑀) = 𝑔(𝑋𝑖𝛽𝑀−1)                                                                                                                                                                (4) 

 

When M=2, the model is equivalent to the logistic regression model. And, in this study, M=4. The identification of significant 

variables for each logit of Y is carried out by using a stepwise selection procedure. The decision to include a variable is based 
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on the significance of the log-likelihood ratio of the estimation and the 𝑥2 statistical test of the variables. After a variable is 

included, it is tested to see whether the exclusion of a variable included at an earlier stage causes a significant decline in the log-

likelihood. This process is terminated when the inclusion of an extra variable does not lead to a significant improvement in the 

model. The level of significance for acceptance and rejection in the stepwise selection is 0.01, 0.05, and 0.1, respectively. 

 

3. Results and Discussion 
 

3.1. Results of the survey 

 

3.1.1. Bargaining power of the sample 

 

In our research, in order to measure farmers’ bargaining power more accurately, we used self-reported strength with one question: 

“Who fixed the price of AIVs?”. As shown in Figure1, about 55% of respondents stated that they fixed the sale price on their 

own; 22% stated that the prices were fixed after negotiation; 4% stated that the price was fixed by the buyer; and 18% stated that 

the prices were fixed by a middleman or broker. 

 

 
 

Figure 1 – Determination of sales prices for indigenous African vegetables (AIVs) by Zambian growers 

 

Drawing on the studies of Ngenoh et al. (2019) and Arumugam et al. (2022), we categorized every respondent’s bargaining 

power into four levels (Table 2). If the price was fixed by oneself, we considered he/she to have full bargaining power; if the 

price was fixed after negotiation, we thought she/he had half bargaining power; if it was fixed by a middleman or broker, we 

defined it as having one-third bargaining power; or if the price was fixed by the buyer or another, we thought he/she had no 

bargaining power. 

 
Table 2 – Definition of different levels or categories of bargaining power 

 

Level The price was fixed by? Definition Numerical value 

1 Oneself full bargaining power 1 

2 Negotiation half bargaining power 1/2 

3 Middleman or broker one-third bargaining power 1/3 

4 The buyer or another no bargaining power 0 

 

Second, if one’s bargaining power belongs to levels 1 to 3, we asked her/him another question: “Have you had the opportunity 

to bargain for higher producer prices?” If the respondent replied “yes”, we did not change her/his level; if her/his reply was “no”, 

we marked it as the next level. Eventually, about 47% of respondents (141 respondents) had full bargaining power, 21% (63 

respondents) had half bargaining power, 20% (60 respondents) had one-third bargaining power, and 12% (36 respondents) had 

no bargaining power. 

 

3.1.2. Advantages of having bargaining power 

 

For the farmers that grow AIVs, the more bargaining power one has, the higher the price she/he may obtain. For farmers with 

different bargaining powers, the AIVs prices’ changing ratios in the past five years are different (Figure 2). About 67% of 

respondents with full bargaining power stated that their AIVs prices have increased in the past five years. The ratios for half-

Middle man or 
broker

18%

Producer
55%

The buyer
4%

Negotiation
22%

Other
1%
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bargaining power, one-third bargaining power, and no bargaining power were 46.15%, 41.18%, and 36.36%, respectively. The 

decreased AIV price ratios for different bargaining power farmers were 5.59%, 10.77%, 15.69%, and 18.18%, respectively.     
             

 
 

Figure 2 – AIVs prices’ changing ratio of the last five years according to different bargaining power (%) 

 

For farmers that grow African indigenous vegetables, the more bargaining power one has, the faster she/he can get the 

payment. As shown in Figure 3, about 85% of respondents stated that they got paid at the time of selling the AIVs. The average 

ratios for half bargaining power farmers were 85%, while one-third bargaining power, and no bargaining power for farmers were 

78%, and 57%, respectively. 

 

 
Figure 3 – The ratio of “whether you get paid at the time of selling the AIVs” (%) 

 

For farmers that grow African indigenous vegetables, the more bargaining power one has, the more income one gets from 

the sale of African indigenous vegetables. About 24% of respondents with full bargaining power (39 respondents) selected “sale 

of AIVs” as the main source of household income (Figure 4) and the ratios of respondents with half bargaining power, one-third 

bargaining power, and no bargaining power who selected “sale of AIVs” as the main source of household income were only 

21%, 5%, and 13%, respectively. 
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Figure 4 – The number and ratio that select “Sale of AIVs” as the main source of household income 

 

We next analyzed the ratio of one respondent’s AIV income to her/his total income. The average ratio of the respondents 

with full bargaining power was 27%, which meant 27% of their income was from the sales of AIVs. The figures for half 

bargaining power, one-third bargaining power, and no bargaining power were only 10%, 14%, and 9%, much lower than 27% 

(Figure 5). 

 

 
 

Figure 5 – The ratio of AIVs income to total income (%) 

 

For the African indigenous vegetable industry, once farmers have higher bargaining power, they are willing to grow more 

African indigenous vegetables, which will further promote the African indigenous vegetable market’s development. Researchers 

who analyzed the relationship between bargaining power proxies and coffee output found that with coffee, there was a significant 

negative correlation (Lim et al. 2007). In contrast, with our survey on AIVs, we found that the average planting area of farmers 

who had full bargaining power was greater than those who had partial bargaining power or no bargaining power (Figure 6). 

 

 

 
 

Figure 6 – Average AIVs planting area and its proportion according to different bargaining powers 
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Overall, the analysis indicates that bargaining power plays an important role in raising agricultural product prices, increasing 

farmers' income, and promoting industrial development. We further analyze the empirical results. 

 

3.2. Results of empirical analysis 

 

3.2.1. Model fitting information and parallel lines test 

 

The statistical package SPSS 23.0 is used for carrying out the OLRM analysis. First, we performed a multi-collinearity test. 

We found that the variable “nearest market meet frequency” failed the multi-collinearity test and therefore dropped that variable 

and then performed the same test on other variables. Then, we ran the model again. The model fitting information shows the 

significant value of the model is less than 0.01 through the chi-square test, indicating that it passed the test at 1% significance 

(Table 3). That is, the results indicate that all the independent variables collectively significantly contribute to the change in the 

dependent variable. The 𝑥2 in parallel lines test is 18.520, p=0.231>0.05, so it passes the test of the parallel line and can be 

analyzed by OLRM. 

 
Table 3 – Model fitting information and parallel lines test 

 

Type of test Model -2 Log Likelihood 𝒙𝟐 Df Sig. 

Model fitting information 
Intercept only 696.452    

Final 648.127 48.325 14 0.000 

Parallel lines test 
Null Hypothesis 648.127    

General 466.607 18.520 28 0.231 

 

The regression results are reported in Table 4. B is the coefficient of variables, and Exp(B) is the odds ratio (OR). The results 

show that seven variables pass the test of significance. They are age, gender, education, main trading partners, being aware of 

AIVs prices, belonging to a group/community, and distance to market from the farm. 

 
Table 4 – Regression results of OLRM 

 

Variable B S.E. 
95% Confidence Interval 

Wald 𝒙𝟐 Exp(B) 

95% Confidence Interval of 

Exp(B) 

lower limit Upper limit lower limit Upper limit 

[BP=.00] 4.08  1.86 0.45  7.72  4.84 59.14 1.56 22 41.31  

[BP=.33] 5.60 1.86 1.96 9.24 9.09 270.62  7.10  10 311.77  

[BP=.50] 6.73 1.87  3.07  10.39  12.97 837.89 21.50  32 660.85  

Gender -0.68** 0.28 -1.23 -0.13  5.85  0.51 0.29 0.88 

Age 0.04*** 0.01 0.02  0.06  12.66 1.04 1.02 1.06 

Edu1 1.43*** 0.43 0.59  2.27 11.18  4.19 1.81 9.70  

Edu2 1.11** 0.47  0.18 2.03  5.48 3.02 1.20 7.62 

Edu3 1.41*** 0.49  0.45  2.38  8.19 4.11 1.56 10.82  

Edu4 1.45  1.01  -0.54  3.43  2.04 4.25 0.58 30.97 

Cost_in -0.09 0.26  -0.59  0.42  0.12  0.92 0.55 1.51 

Cost_de -0.12  0.40  -0.91  0.67  0.09 0.89  0.41 1.95 

Community -0.70** 0.67 -2.00  0.61  1.10 0.50 0.14 1.83 

Partner_con 1.22*** 0.39  0.45 1.98 9.78 3.38  1.58 7.24 

Partner_mar 1.61*** 0.52  0.59 2.63 9.49 4.99 1.80 13.89 

Price -0.66** 0.33  -1.30  -0.02 4.08 0.52 0.27 0.98 

Planting -0.01 0.01  -0.02 0.01  1.66 0.99 0.98 1.00 

Distance -0.02** 0.01  -0.03  -0.01  5.77 0.98  0.97 1.00 

Cox & Snell R2 0.15 

Nagelkerke R2 0.17 
 

Notes: ** and *** are statistically significant at 5% and 1%, respectively 
 

(1) Individual and family characteristics influence 

 

A farmer’s age has a significant influence on their bargaining power. Its OR is 1.036, indicating that if one farmer’s age 

increases by one year, the odds of having more bargaining power will increase by a factor of 1.036. For a female, the odds of 

having more bargaining power are 0.507 times as large as the odds for a male. This is consistent with many previous studies 

(Breda, 2015; Lenjiso et al. 2016; Lim et al. 2007). In comparison with no education, primary education, secondary education, 

and college education are significant at 0.05 levels, which means good education is helpful to improve farmers’ bargaining 

power, and their odds of having more bargaining power are about 4.2 times, 3.0 times, and 4.1 times, respectively, that of farmers 

who have no education. This is a key finding to use in capacity training, education, and awareness programs for growers. 
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(2) Production and organizational characteristics’ influences 

 

There are three variables in production and organizational characteristics, including AIVs planting proportion, changing 

production costs, and belonging to any community. For a farmer who did not take part in a community, the odds of having more 

bargaining power are only 0.497 times higher than for farmers who participated in a community. 

 

(3) Market characteristics’ influences 

 

Awareness of AIVs’ prices and distance to market from the farm do have significant influences on farmers’ bargaining power 

(Table 4). Information was found to play a vital role in increasing farmers’ bargaining power. The farmers who knew the AIV 

price before the sale created a psychological expectation of the price and were reluctant to bargain. The odds of it are about twice 

that of the farmers who are not. This is also in line with the findings that were previously reported (Draganska et al. 2010). The 

distance to the market from the farm is significant at the 0.05 level. This can explain why there are large differences in bargaining 

power among the five districts (Table 5). Differences between the reported bargaining powers between districts as observed may 

in part be due to growers having a shorter distance from farm to market. Delayed infrastructure construction may also lead to 

lower prices for rural households (Bumbangi et al. 2016; Sinyangwe et al. 2016). There are three main trading partners for 

farmers: direct to consumers or roadside stands; direct to supermarkets or retailers; or direct to brokers or wholesalers. Take the 

last as a reference; the other two main trading partners are significant in influencing farmers’ bargaining power. The farmers 

who sell their products direct to consumers, roadside stands, supermarkets, or retailers are more likely to have high bargaining 

power; the odds of this are about 3.4 and 4.9 times higher than those who sell directly to brokers or wholesalers. 

 
Table 5 – Bargaining power and distance to market in each of the five districts in Zambia 

 

Districts Lusaka Lundazi Chipata Petauke Katete 

Respondents with Full BP 35 25 6 35 45 

Respondents with Half BP 11 0 42 8 3 

Respondents with One-third BP 2 24 1 0 0 

Respondents with No BP 2 1 1 7 2 

Average BP 0.82 0.55 0.55 0.73 0.93 

Distance to market from the farm 2.11 12.49 6.98 2.59 0.62 

 

3.3. Prediction success of the model 

 

We use the cross-tabulation of bargaining power and predicted response category to test the prediction success of the model 

(Table 6). The correct predictions of no bargaining power, 1/3 bargaining power, 1/2 bargaining power, and full bargaining 

power are 5, 32, 33, and 143, respectively. So, the prediction success of the model is (5+32+33+143)/300=71%. 

 
Table 6 – Bargaining power and predicted response category cross-tabulation 

 

Variable 
Predicted response category 

Total 
No BP 1/3 BP 1/2 BP Full BP 

BP 

No BP 
Count 5 1 0 16 22 

% within BP 22.7% 4.5% 0.0% 72.8% 100.0% 

1/3 BP 
Count 0 32 7 13 52 

% within BP 0.0% 61.5% 13.4% 25.0% 100.0% 

1/2 BP 
Count 0 6 33 26 65 

% within BP 0.0% 9.2% 50.8% 40% 100.0% 

Full BP 
Count 1 7 10 143 161 

% within BP 0.6% 4.3% 6.2% 88.8% 100.0% 

Total 
Count 6 46 50 198 300 

% within BP 2.0% 15.3% 16.7% 66.0% 100.0% 

 

3.4. Further analysis 

 

Although the OLRM can be used to calculate and identify the factors influencing the bargaining power of AIVs and their degree 

of influence, it cannot effectively reflect the underlying and process elements of the model. Therefore, the next step of this paper 

is to use the ISM model to analyze the correlation and hierarchy among the factors influencing the bargaining power of AIVs in 

order to identify the root factors affecting the quality of employment. Drawing on Roson et al. (2015), the specific steps of the 

analysis are as follows： 
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3.4.1. Determine the relevant factors 

 

According to the estimated results of OLRM, seven factors affect the bargaining power of AIVs. Through the integration of the 

above factors, the influence of African indigenous vegetable farmers bargaining power ISM (interpretative structural modeling) 

has seven factors: F1 on behalf of gender, F2 on behalf of age, F3 on behalf of education, F4 on behalf of community, F5 on 

behalf of the main trading partners, F6 on behalf of farmers price, F7 on behalf of the distance to market from the farm. 

 

3.4.2. Establish adjacency matrix 

 

After consulting five African experts engaged in agriculture-related research to conduct simple inferential statistics on the data 

in this paper, and after in-depth discussions and judgments based on relevant literature, the logical relationships between variables 

were determined and the adjacency matrix A was established. The adjacency matrix in Table 7 describes the relationships 

between the elements in the system, where "1" indicates row factors have direct or indirect influence on column factors, and "0" 

means no influence. 

 
Table 7 – Adjacency matrix A 

 

 𝑭𝟏 𝑭𝟐 𝑭𝟑 𝑭𝟒 𝑭𝟓 𝑭𝟔 𝑭𝟕 

𝐅𝟏 1 0 0 0 1 1 0 

𝐅𝟐 0 1 1 0 0 0 0 

𝐅𝟑 0 0 1 0 1 1 0 

𝐅𝟒 0 0 0 1 1 0 1 

𝐅𝟓 0 0 0 0 1 1 0 

𝐅𝟔 0 0 0 0 1 1 0 

𝐅𝟕 0 0 0 0 1 0 1 

 

3.4.3. Establish achievable matrix 

 

As shown in Table 8, we use Matlab 7.0 to obtain the achievable matrix M of the adjacency matrix A by using formula (5), 

where I denotes the unit matrix and the Boolean operator is used for the power operation of the matrix. 

 

  M = (A + I)+1 = (A + I) ≠ (A + I)−1 ≠ (A + I)2 ≠ (A + I)                                                                                                  (5) 

 
Table 8 – Achievable matrix M 

 

 𝑭𝟏 𝑭𝟐 𝑭𝟑 𝑭𝟒 𝑭𝟓 𝑭𝟔 𝑭𝟕 

𝐅𝟏 1 0 0 0 1 1 0 

𝐅𝟐 0 1 1 0 1 1 0 

𝐅𝟑 0 0 1 0 1 1 0 

𝐅𝟒 0 0 0 1 1 1 1 

𝐅𝟓 0 0 0 0 1 1 0 

𝐅𝟔 0 0 0 0 1 1 0 

𝐅𝟕 0 0 0 0 1 1 1 

 

3.4.4. Determine the hierarchy between factors 

 

M(Fi) ∩ N(Fi) = M(Fi) is the hierarchical decomposition of factors and extraction based on conditions. M(Fi) represents the set 

of all factors in the accessible matrix M that can be reached from factor Fi. N(Fi) represents the set of factors in the accessible 

matrix M of accessible factor Fi. According to the accessible matrix M and the above conditions, the accessible sets and advance 

sets of the factors are shown in Table 8. In this study, by calculation, the L1 = {F5, F6}. The elements of F5 and F6 in the original 

accessible matrix M are extracted to obtain a new matrix, then and so on, and finally, L2 = {F1, F3, F7} and L3 = {F2, F4}. Thus, 

the goal of performing a hierarchical decomposition of the accessible matrix M is achieved (Table 9). 

 
Table 9 – Reachable set, antecedent set and its intersection 

 

 𝐌(𝑭𝒊) 𝐍(𝑭𝒊) 𝐌(𝑭𝒊) ∩ 𝐍(𝑭𝒊) 
𝐅𝟏 1, 5, 6 1 1 

𝐅𝟐 2, 3, 5, 6 2 2 

𝐅𝟑 3, 5, 6 2, 3 3 

𝐅𝟒 4, 5, 6, 7 4 4 

𝐅𝟓 5, 6 1, 2, 3, 4, 5, 6, 7 5, 6 

𝐅𝟔 5, 6 1, 2, 3, 4, 5, 6, 7 5, 6 

𝐅𝟕 5, 6, 7 4, 7 7 
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3.4.5. Establish an explanatory structural model 

 

According to the hierarchical structure among the factors, the factors at the same level are represented by boxes in the same 

position. Based on the logical relationship between the factors, each factor was connected with a directed line segment to obtain 

the correlation and hierarchy among the factors influencing the bargaining power of AIVs farmers. As shown in Table 7, age 

and community play a deep-rooted role in the bargaining power of AIVs farmers. Gender, education and distance to market are 

key connecting variables at the intermediate level. Awareness of AIVs prices and marketing partners are direct causes at the 

superficial level such as influencing the bargaining power of AIVs farmers. 

 

 
 

Figure 7 – The correlation relationship and the hierarchical structure of the influencing factors 

 

4. Conclusions 
 

Based on data obtained from a field study in Zambia, a landlocked country in south-central Africa, this paper investigates the 

bargaining power of 300 vegetable farmers in five states of Zambia. The bargaining power of AIV farmers and the factors 

influencing them were studied through a Logistic-ISM model and the following conclusions were drawn: 

 

First, we defined farmers’ bargaining power through their self-reported bargaining power. We found that bargaining power 

has played an important role in obtaining higher prices, getting faster payment, getting more income from AIV sales, and 

expanding AIV planting areas for farmers. The promotion production and power expand the scope of higher interests, enhances 

vegetable farmers' ability to manage risks, unleashes the potential of vegetable production, and facilitates the transformation and 

upgrading of the vegetable industry. This, in turn, increases the income of AIVs farmers. 

 

Second, we used OLRM to analyze the influence of several factors that contribute to farmers’ bargaining power. Results 

indicated that respondents’ bargaining power is significantly influenced by seven variables: age, gender, education, main trading 

partners, awareness of AIVs prices, belonging to a group/community, and distance to the market from the farm. Among them, 

education, age, and major trading partners had a positive effect on the bargaining power of farmers. Gender, community, 

awareness of AIVs prices, and distance to market from the farm had a negative effect on the bargaining power of farmers. Further 

analysis of interactions of the seven significant influencing factors using ISM revealed that the age and community attributes of 

farmers are the deep root factors that affect the bargaining power of AIVs farmers. Gender, education and distance to market 

from the farm were the three intermediate level factors. Awareness of AIVs prices and marketing partners were the direct factors 

influencing the bargaining power of AIV farmers. 

 

Finally, it is important to note that the farmers’ bargaining power can be improved by improving farmers’ education, 

strengthening farmers’ organization construction, altering some of the farmers’ trading methods, and developing infrastructure. 

To improve the bargaining power of AIVs farmers in the market, several measures can be taken. Firstly, by improving their 

education and training, farmers can better utilize various policies and negotiate more effectively. Secondly, strengthening their 

organizational structure can reduce costs and increase bargaining power. Thirdly, changing their trading methods and increasing 

sales concentration can lead to long-term benefits. Finally, developing infrastructure can expand their trading range and improve 

their bargaining power. Moreover, this provides a clear path for future studies to incorporate such training and education for 

smallholder farmers as part of a larger best practices approach. These findings should be considered by international and national 

public policy programs that continually seek to reduce poverty and strengthen market access for smallholder farmers. 
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