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ABSTRACT

The sustainability of agriculture in social, economic and environmental
dimensions is important in terms of development policies. In this study,
agricultural sustainability has been evaluated in social, economic and
environmental dimensions. Twenty-one indicators were used and each
dimension had 7 indicators. The research was carried out in Sartkum
Lake Basin of Sinop province in Turkey. The information obtained by
face-to-face surveys with the farmers and the related statistics were used
as data. The index method was used in the evaluation of these data. As a
result, agricultural sustainability in the basin was found 13.95% in the

16.62% in the social dimension. The agricultural sustainability in
Sarikum Lake Basin was determined as 40.21%. As a result of the
study, in order to achieve economic sustainability it is necessary to
increase the agricultural income, the ratio of irrigated land and the
number of agricultural holdings with sufficient income. In order to
ensure social sustainability, it is necessary to establish conditions to
prevent migration and to ensure that farmers are satisfied with farming.
In order to achieve environmental sustainability, it is necessary to
increase the amount of protected area and to reduce wild animal
damage.

environmental dimension, 9.64% in the economic dimension and

Keywords: Sustainability; index; indicator; protected area; ecosystem

© Ankara University, Faculty of Agriculture

1. Introduction

Agricultural ecosystems provide food, feed, bio-energy and pharmaceutical raw materials for human beings and are the basis
of human well-being (MEA 2005; Power 2010). It is estimated that the world population would be 9.2 billion in 2050, which is
7.6 billion in 2018 (WB 2018). Sustainability of agriculture is essential for the continuity of human existence.

Sustainable agriculture is only possible through making whole system sustainable; in social, economic and environmental
aspects. The most common method used in the evaluation of sustainability is the index method. When the studies carried out to
date were examined, it was observed that studies were carried out not only at the farm level (Gameda et al. 1997; Rigby et al.
2001; Van der Werf & Petit 2001; Frater & Franks 2013; Moore et al. 2014; Ryan et al. 2014; Waney et al. 2014), but also at
regional, national and global levels (Trisorio 2004; Gomez Limon Jose & Riesgo 2008; Ceyhan 2010; Vecchione 2010).

The evaluation of agricultural sustainability around protected areas is particularly important in Turkey because of its rich
biodiversity. The research area Sarikum Lake Basin, which includes Sarikum Lake Natural Park, has a rich biodiversity, being
one of the world bird migration paths and having different ecosystems makes it one of the areas with high natural resource
value and these values need to be protected. In addition, these characteristics in the Sarikum Lake basin cause the existing
environmental balance to be more fragile.

2. Material and Methods
2.1 Research area

The research area is located in the Central Black Sea Region, in Sarikum area in the north of Sinop province (Figure 1). The
basin has 6773.7 hectares and includes Sarikum, Basaran, Gumussuyu, Tekke, Yenicam, Selbeyi and Incirpinari villages.
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Figure 1- Sarikum Lake Basin

2.2. Data collection

The data were collected by face-to-face interviews through surveys with 40 farmers. The survey was conducted 2015 and the
data for 2014-2015 production period was compiled. The farmers were selected randomly. The surveys were conducted to
identify social, economic and environmental indicators.

2.3. Computation and data analysis

The proportional approach was used to determine sample size (Newbold 1995). The number of registered farmers in Erfelek
and Merkez districts was 2060. The number of registered farmers in the study area (7 villages) was 413 (MAF 2015).
Proportion of farmers in the study area, p= 0.2. The sample size was calculated 40 as the proportional sampling was used 90%
confidence interval and 10% error margin.

_ Np (1- p) (1)
(N -1)o, +p(l-p)

Where; N, Number of farmer, p= Proportion of farmers in the study area, variance, n, aﬁ Sample size.

Index method was used to assess agricultural sustainability. The Agricultural Sustainability Index (ASI) of the Sarikum
Lake Basin was composed of social, economic and environmental dimensions (Gameda et al. 1997; Petrosyan 2010;
Vecchione 2010; Moore et al. 2014; Ryan et al. 2014). The framework of the study was given Figure 2. and ASI steps were
given Figure 3. Selecting indicators: In this study, group meetings were conducted in seven villages in the Sarikum Lake Basin
before determining the indicators. The indicators were determined in the light of the data obtained from these meetings. The
indicators used in this study were site-specific indicators and may not be applied in any another field (Waney et al. 2014). A
total of 21 indicators were used in the agricultural sustainability index. Seven indicators were used under each dimension.

Aim Dimensions )
Evaluation of Scale Social, Indicators
agricultural Basin Environmental, 21 indicators
sustainability Economic

Figure 2- The research framework

Economic Dimension (Gameda et al. 1997; OECD 2002; Petrosyan 2010; Vecchione 2010; Gunduz et al. 2011,
Demiryiirek et al. 2013; Ryan et al. 2014; Lynch et al. 2019.): 1-Agricultural income competency level (%): The ratio of farms
agricultural income was higher than poverty line. 2-Land productivity: It shows the ratio of farms higher agricultural income
per da than average agricultural income per da in the basin.3-Fragmentation of land index: While the high fragmentation level
has a positive impact on environmental sustainability, it has a negative impact on the economic dimension (Vecchione 2010).
Therefore, Equation 2 was used to evaluate land fragmentation. 4-Crop diversification: Crop diversification decrease risks
arising out of economic and environmental conditions (Zulfigar & Thapa 2017). Equation 1 used to evaluate crop
diversification. 5-Mechanization index: This index indicates a measure technological level of farms. It was the ratio of farms
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with high level of mechanization to all farms (Vechione 2010).6-Land size (%): Soil Conservation and Land Use Law No.
5403 (Annex: 30/4 / 2014-6537 / article 5) refers to optimum size of farm land in Turkey (TR 2014). The optimum land size
was 170 da. The ratio of the agricultural holdings have optimum land size. 7-Irrigated land (%): The ratio of irrigated land to
the all land.

*Economic dimension: 7 indicators
Selecting indicators +Social dimension: 7 indicators
*Environmental dimension: 7 indicators

«0: unsustainable level

Transformation of indicators «1:sustainable level
*Max and min values from real situation

+ Total index value 100
Each dimension had equal importance : Each dimension
Weighting of indicators value was 33.33
+Each indicator had equal importance: Each indicator
weighted 4.76

+ Aggregating indicators for each dimension
Aggregating indicators * Aggregating dimension for ASI

Figure 3- The steps of Agricultural Sustainability Index

Social Dimension (Gameda et al. 1997; OECD 2002; Petrosyan 2010; Vecchione 2010; Gunduz et al. 2011; Demiryiirek et
al. 2013; Moore et al. 2014; Ryan et al. 2014; Lynch et al. 2019): 1-Farm owner age index: The ratio between the numbers of
farm owners with younger than sixty years and the all farm owners (%). 2-Gender distribution: Measures labour equality
(Vecchione 2010). The ratio of female to all population. 3-Population resident: It is the number of residents in a particular
geographic area (person/ha) (Vecchione 2010). 4-Organization level (%): The value was the ratio of the farmers belongs to any
association, cooperative, union or professional chamber to the whole farmers. 5-Communication level (%): It was the ratio
between the numbers of farmers who communicate agricultural organizations and the numbers of all farmers. 6-Satisfaction
with dealing with agricultural activities (%): The ratio of farmers that were satisfied with dealing with agricultural activities to
the total number of farmers. 7-Level of following agricultural innovations (%): The ratio of farmers following agricultural
innovations to all farmers.

Environmental Dimension (Gameda et al. 1997; OECD 2002; Vecchione 2010; Gunduz et al. 2011; Demiryiirek et al.
2013; Moore et al..2014; Ryan et al. 2014; Lynch et al. 2019): 1-Ratio of the farms with erosion problem (%): The ratio of the
farms with erosion problems to the whole farms (Barrera Roldan & Saldivar Valdes 2002). 2-Use of pesticides (%): It was the
ratio of the farmers using pesticides to all farmers (Zulfigar & Thapa 2017). 3-Use of chemical fertilizers (%): It was the ratio
of the farmers using chemical fertilizers to all farmers. 4-Level of soil analysis (%): The rate of the farms having soil analysis
(Zulfigar & Thapa 2017). 5-The protected area level (%): The ratio of the protected area in the total area (Barrera Roldan &
Saldivar Valdes 2002). 6-Farmer’s opinion about Sarikum Lake Natural Park as a protected area (%): The ratio of the farmers
who are pleased to existence of protected area. 7-Ratio of wild animal damage (%): The ratio of the farms under wildlife
damage to all farms.

However, it is necessary to consider the dynamics affecting the behavior of the indicators their spatial and temporal
characteristics (Zhen & Routray 2003; Van Pham & Smith 2014; Mulligan et al. 2016). The second step of the ASI was
transformation of the data (Figure 3). In the determination of agricultural sustainability, different approaches have been
introduced (Rigby et al. 2001; Sulser et al. 2001; Ceyhan 2010; Petrosyan 2010; VVecchione 2010).

-1 _ [Maximum value]-[X]
Index =1 [Maximum value—Mininmum value) (2)
Index = 1 — [X]-[Maximum value] )

[Minimum value—Maximum value]
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X= The value of the variable used as the indicator (Barrera Roldan & Saldivar Valdes 2002; Ceyhan 2010; Demiryiirek et
al. 2013).

The third and fourth step of the ASI was given Figure 3. Each dimension of the ASI (social, economic and environmental
dimensions) and each indicator of the ASI (21 indicators) had equal importance to eliminate influences of weights on the
results (Figure 3). Each indicator multiplied by 4.76 to give final score out of 100. Total index value equal to 100, each
dimension value equal to 33.3 and each indicator value equal to 4.76. These values also represent the max sustainability level
(Figure 3).

3. Results and Discussion
3.1. Evaluation of structural characteristics of farms

Structural characteristics of investigated farms were given in Table 1. Average household size was about 4. Fifty-five percent
of the population was female and 45% male. Average age of farm owner was 58 and they had about 5 years of education.
They had an average of 64.6 da of land. Each farm was made of about five parcels of land, and each parcel was about 13.6 da
in size (Table 1). The level of agricultural income adequacy was one of the most important indicators that show economic
sustainability of agriculture. The value of this indicator was 1.05% (Figure 4). Waney et al. (2014) stated that the income was
the most important indicator among the indicators determined by farmers. The main economic activity in the basin was
agricultural activities. The high agricultural production cost was the most important reason of the low agricultural income
level. Dellal et al. (2007) stated that the fuel costs rate in the total cost was varies 10%-20%. Land productivity index value
determined as 2.00% (Figure 4). There were several reasons, which declined the land productivity. The production area of the
high value-added products was very limited in the basin and family farming was common. Geographic features of the basin
were the other factors that decreased the land productivity. Among the most important factors affecting the effective and
sustainable use of agricultural land are its scale and fragmentation status. The number of parcels of agricultural land per
holding was 5.9 and average parcel size of agricultural land was 12.9 da in 2016 in Turkey (TUIK 2018a). The less
fragmentation of agricultural land had positive effect on the agricultural sustainability at economic aspect while it had negative
effects at environmental aspect. The land fragmentation index value had the best score with 3.14% (Figure 4). Increasing the
variety of crops in agricultural holdings had positive effects on agricultural sustainability in economic terms. The index of crop
diversity was determined as 1.81% (Figure 4). The positive effect of crop diversity on the agricultural income was not
demonstrated in the basin because the ratio of high market value crops was low. The mechanization index value determined as
1.29% (Figure 4). The low agricultural income level of the basin was the one of the most important reasons decreased the
mechanization infrastructure investment. While the optimum farm size for dry conditions is stated as 170 da in Turkey (TR
2014), the average farm size of the Basin was 64,6 da. The number of agricultural holdings that met this condition in the basin
was almost negligible and the indicator value was 0.24% (Figure 4). Tirkten et al. (2014) stated that the average agricultural
land size per agricultural holdings was 64.4 da in the Black Sea region. Thirty-one percent of the total land in Turkey was
irrigated (TUIK 2018b). The rate of irrigated land in the basin was very low with 2.5% and the index value was the lowest with
0.12% in the economic dimension indicators of ASI (Figure 4). Due to the Mediterranean climate characteristics of the basin,
the long drought period also decreased land efficiency and increased the need for irrigation.

Table 1- Characteristics of investigated farms

Characteristics of farms Mean Std. Deviation
Household size 3.93 1.82
Female 217 1.22
Male 1.76 0.89
Age of farm owner (year) 58.17 10.12
Education of farm owner (year) 5.39 1.80
Farm land (da) 64.61 41.90
Number of parcels 4.76 2.93

While assessment of agricultural sustainability, the social dimension has been often neglected because of difficult to
measure. There was a need to develop methodologies for the evaluation of the social dynamics (Pinter & Herren 2006). Young
farmers are extremely important roles to promote development in rural areas. It was determined that 78% of the farm owners
was older than 50 years old in the basin. The fact that agricultural activities were based on labor force had increased the
importance of young population in agriculture. In addition, wild boar pressure is very high on the agricultural lands in the
basin. This situation increased the amount of labor needs in the agricultural holdings. The wild boar damage, the number of
labor force and the low level of young population cause increase the amount of uncultivated land that can be forested in a short
time. The ratio of female population determined as 55%. While women were actively involved in agricultural activities, they
were not effective in decision-making processes in the agricultural holdings. The women who were actively involved in the
production activities in the long term would bring about the fact that they were the decision makers in the business and had a
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positive impact on agricultural sustainability in terms of gender equality. The economic structure of rural areas based on the
agriculture and the socio-economic life and developments in these regions were a part of the agriculture. In some studies on
rural migration show that factors related to agriculture were considered in the first place among the reasons of rural migration
(Guresci 2009). The value of the resident population indicator was determined as 1.43% (Figure 4). When this indicator was
evaluated together with other indicators (age, agricultural income, etc.), it could be foreseen that the resident population would
continue to decrease in the basin. The main objective of the organization in agricultural was to increase the productivity of
agricultural sector and to improve the producer's income and market position (Inan et al. 2000). Producer organization in the
Turkish agriculture sector was not sufficient (MAF 2014). The organization level indicator value determined as 2.43% (Figure
4). The high level of relationship with agricultural organizations had a positive impact on agricultural sustainability. The index
value of this indicator was 2.90% (Figure 4). The fact that farmers were in close contact with agricultural organizations was
also an indicator of their willingness to make more conscious production in the basin, where a high proportion of elderly
population and primary education common. The follow-up agricultural innovations showed the willingness to be open to new
agricultural techniques and to implement it, and positively affected the agricultural sustainability. The index value of this
indicator in the basin was 2.57% (Figure 4). In order to get positive results from development at local level, human-oriented,
egalitarian and inclusive model must be established (Goymen 2004).

Ratio of wild animal damage (%) Bl 0
Farmers opinion about Sarikum Lake Natural Park as a.. I, 4.48
The protected area level (%) I 0.57
Level of soil analysis (%) N 1.05
Use of chemical fertilizers (%) NI 1.52
Use of pesticides (%) I 2.67
Ratio of the farms with erosion problem (%) I 3.38
Sustainability Level I 4.76
Level of following agricultural innovations (%) I 2.57
Satisfaction with dealing with agricultural activities (%) IS 2.10
Communication level (%) I 2.90

Organization level (%) NN 243
Population resident IEEEEE—_——_3 1.43
Gender distribution GG 2.62

Farm owner age index I 2.57
Sustainability Level I 476

Irrigated land (%) M 0.12
Land size (%) WE 0.24

Mechanization index | IEEEEG—_E—— 1.29

Crop diversification IEEEEEGG—G——— 1.81
Fragmantation of land index I 3.14
Land productivity I 2.00
Agricultural income compedency level (%) I 1.05

Sustainability Level I 4.76

Environmental
Dimension

Social Dimension

Economic Dimension

00 05 10 15 20 25 3.0 35 40 45 50
%

Figure 4- Agricultural sustainability indicators of Sarikum Lake Basin (%)

Twenty-nine percent of the agricultural holdings in the basin had erosion problems. The index value was 3.38% (Figure 4).
The height of the basin varied between 0-440 meters. While 25.7% of the land was composed of flat and slightly slope areas,
46.2% of it is steep and steep slopes. The decrease in erosion risk in agricultural lands increased agricultural sustainability
(Besen et al. 2018). In Turkey, 59% of the cultivated land, while 64% of pastureland had erosion (MD 2014). The soil erosion
reduced crop yields and increased the costs of production (FAO 2018). Waney et al. (2014) identified that the erosion control
and the disease and pest control were the most important indicators at the environmental dimension for farmers. The high
number of enterprises using pesticides had a negative impact on agricultural sustainability in the environmental dimension. The
index value of the use of pesticides was 2.67% (Figure 4). The total amount of pesticide used was 54098 tons in 2017 in
Turkey (TUIK 2018c). In recent years, biological control methods have more importance. Biological control methods should
be supported in order to reduce the use of pesticides in the basin (Portakaldali et al. 2015). Not only pesticide usage but also
chemical fertilizer usage in unconsciously in agriculture harms the environment (Ataseven & Olhan 2010). The index value of
chemical fertilizer use was 1.52% (Figure 4). The total amount of chemical fertilizer used was 13.09 billion tons in 2017 in
Turkey (TUIK 2018d). Soil is essential for crop production. Neither food could be produced on a large scale, nor would
livestock be fed without soil (FAO 2011). The index value of the soil analyses level was 1.05% (Figure 4). The rate of those
using chemical fertilizers was higher than the rate of those having soil analysis. This indicated that the use of unconscious
chemical fertilizers was widespread in the basin. The organic agriculture and the good agricultural practices have been
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supported throughout the world in order to minimize the residues and to ensure sustainable environment (Tirkten et al. 2014,
MAF 2017). The fact that the Sartkum Lake Basin has a rich biodiversity. The presence of protected areas in the basin affects
the agricultural sustainability positively. The index value determined as 0.57% (Figure 4). The more effective protection can be
provided by extending the protected area boundaries to the limits of the micro-catchment level. Adoption of protected areas by
local people is very important in terms of preserving all natural values. It was determined that the people in the basin were
satisfied with the presence of Sarikum Lake Nature Park. Indicator value was 4.48% (Figure 4). Having a positive perspective
about protected areas is a reflection of the importance given to environmental values. The high number of wild animals in
forest areas increases wild animal damage in agricultural production areas and negatively affects agricultural sustainability in
economic dimension. Wild animal damage indicator value was determined as 0.29% (Figure 4). It has the lowest value in the
environmental dimension of agricultural sustainability. However, the presence of wild animals is an important source for the
biological diversity of the Sarikum Lake Basin and the presence of wild animals in terms of environmental sustainability
creates a positive effect. On the other hand, the excessive increase in the population of a species can pose a threat to other
species. It is necessary to control the wild boar population in order to protect the balance between the species and to reduce the
wild boar damage on agricultural production areas. Solutions need to be developed to prevent conflicts between wildlife and
rural populations. Thus, it can be ensured that nature and agriculture become factors that support each other, not competing
with each other.

4. Conclusions

As a result of the research, economic sustainability had the lowest value while social sustainability had the highest value
(Figure 5.) and the agricultural sustainability level of research area determined 40.23% (Figure 6). This value indicated that if
the conditions of the area in social, economic and environmental aspects were not changed, the agricultural activities would be
decrease. The sustainability of agriculture must be ensured in order to meet the increasing food demand and to protect all the
benefits of agricultural ecosystem services.

|

Sustainability level 33.33

Environmental

sustainability 13.96

16.62

Social sustainability

Economic sustainability 9.65

|

%

Figure 5- Economic, social and environmental sustainability level of Sarikum Lake Basin (%)

Sustainability level

Agricultural sustainability

Figure 6- Agricultural sustainability level of Sarikum Lake Basin (%0)
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