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ABSTRACT

Sustainable agriculture plays a vital role in the economies of both under-developed and developed countries. This role is more
vital for agricultural countries. The first task is to achieve a state of food security for all the population through sustainable
agriculture. Sustainable agriculture includes the investment of available natural resources, the employment of all potential
opportunities for the rural population, and agricultural raw materials to increase agricultural exports in order to reduce the
balance of payments deficit. The purpose of the study is to examine the relationship between selected variables that shared
between sustainable agriculture by its indicators and food security by its determinants in Hungary in the long term, the
descriptive analysis. This study was based on data collection and information that helps to accurately describe the problem and
analyze it, will be used to deliver accurate results. The historical approach will be used to identify and analyze the reasons for
the relationships among the variables, as well as the study of their direction and growth; the collected data was subjected for
analysis by using Gretl program (version, 2017). Results were summarised cointegration relations to examine the relationship
between the variables, using VAR model, the study analyzed the dynamic relationship between Macroeconomic variables
which have been chosen to be the link between sustainable agriculture and food security by the selection of some indicators of
sustainable agriculture (Emission gas Greenhouse, Fertilizers consumption, Organic Farming, Agriculture Area).
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INTRODUCTION
Sustainable agriculture plays an important role to enhance food security and nutrition by increasing the quality
and diversity of the food. It is considered an engine of economic transformation, added to the fact that
agriculture is the major source of income [8] for the majority of the population living in agricultural and
agricultural areas. Sufficient income from agriculture is considered essential for all those working in agriculture
because it is the one that directly secures their food requirements [16].

Sustainability is considered to be an essential part of long term food security assessment dimensions, in
order to reach the nutritional well-being, also affected by policies and programmes representing sustainability to
increase food security in the future[27] [6]. Ultimately, food security gradually and consistently enlarged to
involve not only the food availability and food production but also its expansion to ensure explicitly and
accessibility of food, simultaneously, live up to the present challenges without compromising the renewable
resources and the continuity for future generation's sustainable development. Intensive experiences in different
countries over many Yyears indicate that agricultural development and economic growth are both necessary for
the improvement of food security and nutrition. Also, sustainable agriculture can promote economic growth[17],
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pressure on food demand is because of the rising population, an increase of stagnation in global crop production,
environmental pollution. To meet more and more of a sustainable future food system needs a strategy in
intensifying agricultural production and the extensification of the agricultural areas, which holds risk and
opportunities. The integration of extensification, intensification, and decreasing food dissipation and changing
diets with fewer animal products have significant advantages for the environment and human health [15].
Nevertheless, The issues facing sustainability and agricultural development are particularly complex [32]; what
is needed for the most pressing matters is an integrated and long-term vision. Furthermore, This means
examining thoroughly the dynamics of the agriculture sector, which necessitates the existence of a very
comprehensive vision of the agricultural sector, including its relevance to overall economic development,
natural resources, demographic, social issues, cultural issues, and all other trends that are influencing these
sections in the long term. As a next step, the interactions between the three dimensions of sustainability
(environmental, economic and social) should be secured, harmonized, and strengthened for future generation
transitions. Therefore, it is essential to identify the pathways to minimize the adverse environmental, economic
and social impacts of livestock and vegetation to promote beneficial impacts [38]. Based on the early
mentioned, the plant production and livestock sectors could serve as a miniature model for the broader
agriculture sector to find the possible pathways for sustainable agricultural development for access to food
security and nutrition [30]. The recommendations of food security and revealed determinants are the first
responsible for food development and land policies and recommendations[25]. The purpose of the study is to
examine the relationship between selected variables that shared between sustainable agriculture by its indicators
and food security by its determinants in Hungary in the long term. Study the relationship and effect between
variables conclude to effect of sustainable agriculture on food security. The variables used in the study were
chosen based on their impact on sustainable agriculture and/or food security.

2-Definition and differences between Economic Growth and Economic Development

Most of the proponents of economic theories consider the economic development as a method that creates
economic, social, quantitative, and qualitative changes, which in turn would make the national economy to raise
its real national commodities in an aggregate and durable manner [37].

Indifference and in comparing with development, economic growth holds a limited meaning, an increase of the
national income per capita, including the analysis, and especially in quantitative terms, of this method with
emphasis on the functional relations through the endogenous variables; through a wider lens, it involves
increasing the GDP, GNP, and NI [7]. Therefore, it is the national wealth, including the production capacity,
expressed in both absolute and relative size, per capita, while also involving the structural modifications of the
economy.

Economic growth is the way of improving the sizes of domestic economies, the macroeconomic indications,
especially the GDP per capita, with a rising but not necessarily linear orientation. Additionally, leading to
positive influences on the economic-social sector, while development illustrates how growth affects society by
increasing the level of life [3].

3-Definition of Sustainable Agriculture

Sustainable agriculture is more than a specific methodology, and it is a wide-ranging concept. It includes both
the advancements in agricultural management technology and practices [31], and the growing recognition
specifies that the conventional agriculture that was developed post World War-11 would not be able to meet the
needs of the growing population at the 21st Century [33], Studies of [20][40] categorized the definitions of the
sustainable agriculture into four groups. The First group emphasizes on the maintenance of human welfare to
make a situation for the future generation that it will not be worse than the present. The second group agrees on
only emphasizing on the survival of the human race. The third group agrees with the concept of flexibility of the
production system. The fourth group is of the noneconomic notion, which is the significant role in preserving
the cultural heritage, societies, and maintain diversity through the ecological system.

In sustainable agriculture, the focusing on methods and processes that are enhancing soil productivity while
reducing the harmful effects on the environment, climate, soil, water, air, biodiversity [11] and human health,
aims to reduce the use of inputs from nonrenewable sources and petroleum-based products, then attempting their
replacement with those from renewable and clean resources, furthermore, to focus on local and domestic people
and their needs, knowledge, awareness, skills, institutional structures and socio-cultural values.

Sustainable agriculture ensures that the basic nutritional requirements of present and future generations are
and will be met, in both quality and quantity terms, providing long-term employment, a sufficient income,
dignified and equal working, excellent opportunities and living conditions for everyone involved in the
agricultural chains of value [42]. Ultimately, it lessens the agricultural sector’s vulnerability in order to reverse
natural conditions, climatic changes, and socioeconomic factors such as strong price fluctuations and different
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risks. Sustainable rural institutions have been boosted by sustainable agriculture that can encourage and augment
the participation of all shareholders and promote the reconciliation of interests and benefits [31].

4-Food Security and the Sustainable Agriculture

In the opinion of the World Food Summit which held in 1996, Food security work out when whole people, at all
times, they have material safe, economical access to enough nutritious and nourishment that use to meet their
dietary of necessity and food preferences for an active and healthy life [10] [29]. According to the EC-FAO,
2008 report, the main four dimensions of food security can be specified: (i) food physical availability, (ii)
economic and physical food accessibility, adequate supply of food at the domestic or global level does not in
itself ensure the food security at the household level, (iii)food utilization, which is recognized as the method the
body makes all the different nutrients in the food and final point was the stability of food security dimensions
for a while. Even though your food intake is enough today, nevertheless your food will be considered insecure if
you have unsuitable access to food on a periodical basis, the chance of decline of nutritional status, drastic
weather conditions, political mutability, or economic factors such as unemployment and food price rises, may
have an influence on your food security situation.

Fuel or food? This question has often been discussed in recent years, energy, crops of fibre and food such as
cotton regularly contend for arable lands. This is a potential threat to global food security, also accompanied by
increased global demand for biofuels, population growth, and demands for the highest quality food and
nutrition. Speculation, all these conditions led to a rise in food prices where attention was considerable and
notable in 2008 when social and political unrest broke out in many countries [31].

Biofuel has been considered a better in-utilize carbon footprint than fossil fuels, which makes it seems some
more sustainable, but the closer view detects that its output highly resources and utilizes the soil and the water.
Biofuel production in the cultivation of a single crop in a given area affects the variety of agricultural methods
and biodiversity. Rainforest deforestation and the overindulgent use of fertilizers for increasing energy crops
will reduce biofuels’ carbon footprint [31].

In addition, sustainable farming practices and tools can create a career and increase the income in rural
areas, which in turn share into raise food security. The advantage is to layout the land use and production by
methods that enable plants and food to be produced in a sustainable way for energy and other critical use, so
food crops and producing energy as parallels, beside by-products and residues efficiently. Nevertheless,
increasing the world’s steadily population must clearly take a particular place and priority [9].

The same status goes to the raising of the growth of animal feed because the global demand for the meat is
significant; a worldwide output that provides the world’s increasing population increased four times between
1963 and 2014 and predicted to increase by an additional 50 percent by 2050. Pigs and poultry are mostly fed on
cereal and soy, that considerable amounts are also used, with forages, to feed both dairy and beef [14].

Almost 40 percent of the cereal consumed and wasted around the world ends up for cattle, and feeding
troughs, so more than 70 percent of land put to use for the farming globe is used for domestic animal breeding
and feeding. However, the large number of the lands used for livestock breeding is adequate only for this
objective, such as the pastureland used by nomads in some regions, so meat consumption can consequently help
to secure the nutrients for the earth’s population by the future.

5-Indicators of measuring economic development

The measures of economic development vary according to different development concepts, and growth

indicators such as income or national products are not valid, because they are a quantitative measure. What is

needed is the non-standard measurement, where it is difficult to measure development, for it includes social

variables that are difficult to evaluate, such as the fairness of income distribution [2].

1. The Physical Quality of Life Index (PQLI): A composite social indicator reflecting the average of three
indices: life expectancy at birth, literacy rate, and infant mortality rate [2].

2. KOSOV scale: According to this scale, it is possible to distinguish between two indices, the first of which is
the growth index expressed as the growth rate of the gross product, the second is the development scale
expressed as the growth rate of the gross product, in addition to the degree of change of the economic
structure towards the most vital sectors.

6-The main indicators which linked food security with sustainable agriculture in Hungary and OECD
countries

6.1 Food indicators

The security of supply, which is the production of an adequate amount of food and fibres, is covered by
indicators of export and import of agricultural products and production value of food processing within the
processing industry. Although in the context of security of supply, the free trade in the European Union seems to
be less important to meet its own needs, situations may arise for example natural disasters, when it can be of
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strategic importance, the ‘food volatility index indicator is also linked to the issue of giving producers and
consumers greater security when food prices are stable [39].

Food safety and food quality are linked to indicators of ‘organic farming in proportion to agricultural land
used and 'cultivation of genetically modified crop products in proportion to the utilized agricultural area. While
the health of foods produced in organic farming - chemically free - is not disputed by experts (although there are
some main fungicides that are more common in organic food in the absence of plant protection), the production
of genetically modified plant products is shared by both experts and public opinion. Among the arguments that
lie next to it is that in order to provide for the rapidly growing population of the Earth, there is a growing need
for yields that can be achieved by the cultivation of genetically modified plants, and fewer chemicals are used
for their production, and it is primarily about not knowing the full effects on the human and animal organism.
The EU is increasingly united against the production of genetically modified plant products, which is why |
have included the indicator in the indicator system. Food safety is also linked to the indicator of
"microbiological, food-borne diseases per 100,000 people, which is a proxy indicator for the "food safety
performance" of agriculture and the food sector, additionally to the inclusion of "per capita annual average
consumption of vegetables and fruits”, which covers the topic of healthy nutrition, the ratio of exports of
processed food and agricultural products would have been a good indicator, but no suitable data source was
found for this indicator.

The share of organic farming in the agricultural area used has increased, Austria ranked first in the ranking
of countries (19.5%) in 2010, while the highest growth was recorded in Latvia and Lithuania. Hungary ranked
23rd in the ranking of countries in 2010, and the rate of growth of organic farming was also low in Hungary in
Europe. In 17 European countries (including Hungary) genetically modified (GMO) plant products have not
been cultivated in the decade under review, which is due to the ban on GMO crop production in most countries.
In the EU Member States, GMO plant products increased from 0.2 % to 0.5 % between 2000 and 2010. GMO
production reached the highest rate in Spain (3.2), the Czech Republic (1.4) and Portugal (1.3) in 2010 [39].

The share of exports and imports of agricultural products (103) in the EU as a whole showed only a slight
change between 2000 and 2010 (from 0.96 to 0.99), while the proportions of individual Member States have
changed significantly. In 2000, Hungary had the most favourable foreign trade position of agricultural products
in the EU, which reached the highest rate of decline over 11 years (1.5 in 2010). With this, Hungary still showed
the third-best rate after Denmark and the Netherlands, and again in 2012, Hungary was the first among the EU
member states. The largest growth occurred in Latvia and Romania. Among the EU Member States, small island
states (Cyprus and Malta) are most in need of agricultural imports, followed by the United Kingdom and
Finland in terms of the share of exports and imports [39].

The production value of food processing showed a slight increase for the EU as a whole between 2000 and
2010 (from 16.8% to 17.9%), while the share of the food industry has increased or stagnated in the older
member states of the European Union, the decline in all of the newly acceding Eastern-Central European
countries. The largest decrease occurred in Slovakia and the Czech Republic, while the most significant increase
was in the UK and France. In 2010, the food industry reached its highest rate in Cyprus and Croatia, while the
lowest in Slovakia and Sweden. In Hungary, the ratio decreased from 16.0% to 11.9% in the period under
review.

The volatility of food prices showed a slightly different picture in time and space. For the EU as a whole,
there was a decline between 2000 and 2005, followed by an increase after 2005, the most significant increase
was seen in Slovenia and Germany, while the most significant decrease was seen in Italy, Poland and the Czech
Republic. In 2010, the lowest volatility for Luxembourg and Italy, while the highest for Lithuania, Latvia, and
Hungary and Slovakia were much lower than for the two countries [39].

6.2 Environmental indicators

Indicators of "greenhouse gas emissions per unit of value-added in agriculture and indicators of "ammonia
emissions per unit of value-added in agriculture™ are the emissions of agricultural pollutants. The nutrient
balance of the soil is characterized by the indicators of "one hectare of nitrogen per hectare of utilized
agricultural area™" and "the proportion of organic manure used in total nutrient intake (N content)". The indicator
"Sales of plant protection products per unit utilized agricultural area" is an approximate indicator of pesticide
use [39].

The ratio of 'livestock and crop farms based on their standard output' is a form of sustainable agricultural
activity. The 'change in the proportion of arable land within the utilized agricultural area’ is an indicator from an
environmental point of view shows an unfavourable change in the proportion of arable farming. Farmers'
qualifications and agricultural training are concerned with the indicators of "standard output of a farmer with a
higher education degree and the "proportion of graduates in agriculture and veterinary medicine as a percentage
of all graduates". The inclusion of the two indicators was justified by the fact that the farmer with a higher level
of agricultural education is presumed to be more attentive and more attentive to the environment. An instance of
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the latter is the use of water in agriculture - an important indicator of the environmental dimension of
sustainable agriculture, but the quality of data for EU Member States did not allow it to be included in the
indicator system - and waste agriculture. Indicators on soil erosion, soil quality and use of precision technology
[39].

6.3 Economic indicators

Three indicators deal directly with efficiency, namely: "output per unit of intermediate consumption in
agriculture™ "gross value added per hectare of utilized agricultural area and the 'unit labour value added in
agriculture' indicator. The three indicators look at the effectiveness of inputs, agricultural land used and labour
used. The ‘grain yield per hectare' indicator gives an overview of the efficiency of a country's agriculture
through yields. The indicator of the "share of agricultural exports and imports” shows the competitiveness of the
country's agricultural trade, the "non-utilized agricultural area for all agricultural products”, “Ensuring economic
viability and profitability”, the indicator "gross fixed capital formation in agriculture per unit of depreciation”
provides an indication of the replacement of depreciated production assets, which is an essential factor in
viability. An essential indicator of viability - the diversified activity of farms - is the indicator of "standard
output of non-agricultural holdings as a percentage of total standard output"”. The research and development in
agriculture” characterizes research and development as one of the conditions for viability. The age composition
of farmers is also an essential aspect of viability as if the farmer population is ageing, and their place is not
taken over by younger ones, it will harm viability. Information on this is provided by the indicator "Proportion
of farmers under 35 years of age and over 65 years in standard output”. "Agricultural income development” this
indicator gives a general picture of the profitability of agricultural production. The viability of agricultural
production, if the profitability of agricultural production is less dependent on subsidies, is addressed by the
indicator "agricultural subsidies as a percentage of added value" [39]

6.4 Social indicators

The ratio of "per capita GDP in rural areas to national data" (401) is characterized by variations in the level of
development of rural areas, while the indicator "per capita rural development support in rural areas" gives an
indication of rural development support. The indicator "rate of change of the rural population” and the indicator
of "dependency of 65 years of age on the rural population” deal with the demographic characteristics of the rural
population that are important for sustainability. The 'employment rate in sparsely populated areas (20-64 years)'
is an indicator of employment, while 'poor households in sparsely populated areas' and 'low-density housing in
sparsely populated areas' Indicators of poverty and housing conditions. Indicators of "households with Internet
access in sparsely populated areas" and "pollution incidence in residential areas in sparsely populated areas"
characterize sparsely populated areas in terms of penetration of the Internet and subjective perception of
environmental pollution [39].

Among the indicators of 'society' (improvement of the quality of life in rural areas, social justice, attractive
rural environment and landscape design), the value creation indicator (the ratio of GDP per capita in rural areas
to national data) is negligible. Declined between 2000 and 2010 for the EU as a whole (from 78.7% to 77.4%).
In 2010, rural GDP in the Netherlands and Italy was the highest in terms of national data. In the sparsely
populated areas, the employment rate has hardly increased in the EU average between 2000 and 2010, from
66.1% to 67.1%. Growth was highest in Italy, while the largest decrease occurred in Romania and Lithuania.
The highest employment rate in Sweden was reported in 2010, while the lowest in Hungary (58.9%, 60.4% in
2000).

The rate of rural development support per capita in rural areas increased from € 55.5 to two and a half, to €
138.9 per capita on average in EU Member States between 2000 and 2010. In 2010, the Netherlands had the
highest per capita value, and the lowest in Croatia, while in Hungary it was 96.9 euros, which was below the EU
average. The rate of change in the population in rural areas deteriorated from 3.45 to 1.19 between 2000 and
2010, averaged over EU member states, which led to a decline in the previous growth rate for rural population
from 2009 onwards. The rate deteriorated most in Lithuania, while the most significant improvement was
observed in Sweden. In 2010, the most favourable change in the rural population was characterized by Belgium
and Luxembourg, while Lithuania and Latvia were the most unfavourable. Hungary was also among the
developing countries: the rate of change of the rural population decreased from -3.9 to -7.3 in the examined
period [39].

The proportion of poor households in sparsely populated areas decreased in EU member states between
2000 and 2010, from an average of 32.4% to 28.1%. It was lowest in the Netherlands, Austria and Sweden in
2010, while Bulgaria, Romania and Latvia had the highest poverty rates. In Hungary, the poverty rate declined
between 2000 and 2008, then began to increase, reaching 34.7% in 2010 and 37.9% in 2012, above the 2000
level.
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The proportion of households living in severe housing conditions in sparsely populated areas fell from 13.5% to
7.7% in the decade after 2000 for the EU as a whole. In 2010, the lowest rates were recorded in Belgium, the
Netherlands and Ireland, while the highest rates were in Romania, Latvia and Hungary (19.1%) [39].

Indicator of the age composition of the population - the dependency ratio of those over 65 in the rural
population, which measures the proportion of people over 65 years of age compared to the active age group,
showed an unfavourable trend: from 26.7 to 28.5% in 2000 and 2010 EU average. In almost all EU countries,
the value of the indicator increased during the period under review, most notably in Denmark. In 2010, Spain
and Greece had the worst rural age composition, while the least-aged rural population lived in Slovakia, Ireland
and Poland. The Hungarian rural population was ageing below the EU average in 2010; the value of the
indicator increased from 21.7% to 24.4% in the period under review. Among the indicators of “society”, the
indicators for Internet access, rural development support, housing conditions, environmental damage, poverty
and employment are favourable for the EU as a whole. At the same time, population change, age composition
and population are unfavourable in terms of gross value added in rural areas. [39].

7-Agricultural area and food production in Hungary

agricultural census (AC) until 2010 had been considered as 567 thousand private holdings and 8800 agricultural
enterprises, the number of private holdings were decreasing between 2000 and 2007 and consequently the
number of enterprises had attained a lightly increase [21].

The areas which were applied for agriculture have decreased by 300,000 ha, on one side portions of cereal
take up to about 70% of all arable lands, and the significant cereals are maize and wheat. The average yield of
maize 65t/ha and the wheat is 45t/ha, and other significant crops are potatoes, oilseeds, fruits, vegetables, and
wine grape, on the other side Livestock accounts for 40% of the total agricultural production of livestock, 70%
of cattle and cows, 63% of pigs and 50% of poultry are raised in farms (cooperative farms and companies).
However, 86% of sheep are kept in individual farms, before moving, sheep were raised on larger farms [1].

Crops production in Hungary
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Figure 1. crops production in Hungary from 1960-2016.

8-Emission Gas Greenhouse (EGG)

Farmers usually want to produce and sell products, but GHG reduction is severe by this sense. It takes on an
integrated and comprehensive food systems way (“from farm to fork™) will be essential to support coherent and
harmonious changes along the entire chain included to promote more sustainability in agriculture, to healthier
food, and finally to have an effective reduction of food waste through using ecosystem services, such as clean
water bodies accountable and biodiversity in the same units with GHGs. Focusing on the debate about climate-
smart agriculture, an integrated view of agricultural systems is complicated, but it is due, farmers and politicians
require simple guidance, counsel, and advice [13] Organic agriculture practices which have been provided to
reduce GHG, the following points: animal waste, nutrient management, livestock management, soil
management, crop management, crop legume rotation [41], sustainable agriculture and improvement of quality
of environmental, will be at the forefront in realizing mitigation challenge and potential in agriculture.
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9-Value added in the agricultural sector in Hungary

Despite the decrease in the key factors that connects agriculture to the macroeconomic, agriculture has a
remarkable role in the economy. For example, after 1990 earlier economic inactivity shows a dramatic increase
while labor intensification of agricultural activities declines, agriculture played a prominent role in Hungary
even when the industry was highly preferred in the socialistic economic policy [19].

The changing of production and ownership coincided with the small role of domestic and foreign market
opportunities after the transition, and there was a sharp drop in production, profitability and significant
narrowing in financial opportunities [19].

About 70% of the lands of the country is appropriate for agricultural production, while one-third of the
terrains and soils are unfavourable for efficient and effecting farming and because there is a great part of the
country is considered lowland [1].

The role of agriculture in the national economy is the best characterized by the continuously shrinking share
of agriculture in GDP, so in (figure 2) in 1990 the share of agriculture was 12.5% compared with it in 1985
which was almost 20% of GDP, in 2004 it was decreased to 4.5% and stayed nearly the same until 2017.

Value added in agricultural sector in Hungary between 1985 and 2017
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Fig 2. value added in the agricultural sector in Hungary

10-Fertilizer consumption in Hungary

Through the progressive reforms, the Common Agricultural Policy has improved European agriculture’s
market trends and orientations with providing income support and assistance to farmers. Improving the
integration and combination of environmental requirements, and fortified support for rural development as an
integrated policy for the development of countryside areas across the EU. The same repair process has increased
demands for a better distribution of support through and within the Member States, further to call for better
targeting of measures aimed at addressing the environmental challenges and the increased market volatility [12].
The worldwide challenge for farmers and their affiliates will be to increase production in a sustainable manner
that reduces environmental impact and at the same time provides enough, safe, and nutritious products. Many
believe that biotechnology holds the key to higher food production rates, but it is only one piece of the puzzle.
The employment and further progress of many technologies (irrigation, equipment, pest control, fertilizers, and
seeds) will be required to confront the challenge ahead while bridging the gap between actual and potential
yields. Hence, the positive interactions between many advanced technologies carry the key. Nutrient
management, practices, and fertilizer technologies are among those that demand continuous improvements
because adequate and balanced nutrition is the basis for healthy crops [34].

According to [24], the world population grows, so there will be increasing demands for increased
agricultural production. These demands exacerbate the difficulty of managing agriculture sustainably. The study
showed the importance of defining so-called marginal productivity concerning the effective use of chemical
fertilizers, also it concluded to that structural differences in agriculture have a significant impact on the
calculation of biological capacity, and suggest a reflecting on how this indicator has been calculated so far. So it
suggested that the long-term environmental impact of intensive agricultural practices should be built on the
ecological footprint model; that is, the factors involved in national productivity must be adjusted when
calculating the country's biological capacity.
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Fertilizer consumption in Hungary between 2003 and 2016
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Fig 3. fertilizer consumption in Hungary, Source: Own author

METHODOLOGIES
Aim of the study:
The study was designed to examine the relationship between selected variables that shared between sustainable
agriculture by its indicators and food security by its determinants in Hungary in the long term, Study the
relationship and effect between variables conclude to effect of sustainable agriculture on food security, variables
used in the study were chosen based on their impact on sustainable agriculture and/or food security.

Data Collection

The study uses observations of the term between 1980 to 2016 for seven variables. All variables are expressed in

logs. Furthermore, The data sets were obtained from International Finance Statistics (IFS), Food and Agriculture

Organization (FAO), the Statistics, Hungarian Central Statistic Office (HCSO), and World Bank (WB). The

seven variables used in this paper are defined as follows:

1. Food production index (FPI): involves food crops which considered edible for human consumption and
contain nutrients except for Coffee and Tea, because despite them being edible, they do not have nutrient
value

2. Emission Gas Greenhouse (EGG): it is considered as an indicator of sustainable agriculture, defined in
Metric tons of carbon dioxide equivalent (MtCO?%).

3. Real gross domestic product (GDP): is a measure of total production for the Hungarian economy, this
variable is expressed in HUF million.

4. Fertilizers consumption (F): it is considered as a tool and indicator of sustainable agriculture. The variable
collected is expressed in kilogram/hectare.

5. Organic Farming (OF): it is considered as a tool and indicator of sustainable agriculture, expressed in
hectares.

6. Hungarian Population (P): the variable is regarded as an indicator for both sustainable agriculture and food
security. This variable is expressed in million individuals.

7. Agriculture Area Hectares (AAH): it is considered as an indicator of sustainable agriculture, expressed in
hectares.

Study Hypothesis

The study has one hypothesis, which is:

H1: indicators of sustainable agriculture and food security determinants have a positive relationship with each
other’s

Data Analysis

The collected data were subjected to analysis by using the Gretl program (version 2017, YEAR). Results were
summarised cointegration relations to examine the relationship between the variables, using the VAR model.
Regression and multicollinearity were applied to investigate evidence of variable impact on other variables. The
invariable significant difference was determined under the P-Value < 0.05. The seven variables, which are
macroeconomic variables, were chosen based on work of Metz and Thomson (1998)[36], Lemtouni and Aker
(1999)[5] but in this model, the variables were chosen and replaced to represent food security and sustainable
agriculture separately or jointly to study the impact of each of these variables on each other directly and
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indirectly on each of the food security And sustainable agriculture, given these variables are determinants and
indicators for both terms, depending on the empirical model which outlined in Lemtouni and Aker (1999)[5],
the food security has been considered as the dependent variable, but in this model food security has been
represented by indicators which are common between sustainable agriculture and food security to investigate
how these indicators or somehow determinators influenced by each other in long term years from 1980 to 2016.
The food production index has been included because it's related to food production which is the main goal for
getting ecologically and economically sustainable to meet the world need as well, The pattern of sustainable
agriculture most chosen or practised by local proponents is “organic agriculture” or “organic farming”. Organic
agriculture is a holistic production system, which promotes and consolidate biodiversity, biological rotation, and
soil biological activity, however, the link comes indirectly with GHG emissions depending on the farming
system form[18], at the same time food security has been as a response of the production aspect, the fertilizers
which consider as an indicator of sustainable agriculture also consider as drivers to food production to reach the
food security [28]. The using of RGDP is compatible with previous literature that uses income as one of the
factors which affect food security, (see Ahmed & Siddique, 1995)[4], Hungarian population reflects the
increasing or decreasing population in a country.

Empirical Results

This section shows the empirical results of the data analysis, which begins with the summary of the unit root test
the stationarity of the variables used to test the empirical study. Augmented Dickey-Fuller (1979) tests were
employed. Table (1) shows that the variables expressed at the level are non-stationary but when all the variables
are first differenced there is evidence that all the variables are stationary.

Table 1: Unit root test results

Variable Level 1% difference
No Trend With Trend No Trend With Trend

FPI -0.147 -0.132 -0.010* -0.032*

P 0.042 0.098 0.045* 0.044*
GDP 0.087 0.020 -0.031* -0.030*
OF -2.85696 0.032 -0.023* -0.021*

F -0.000 0.058 -0.033* -0.058*
EGG 0.802 0.875 0.660* 0.635*
AAH -0.074 0.078 -0.009* -0.082*

*= significant at 5% *FPI= Food Production Index, P=Population, GDP= Real Gross Domestic Product, OF=
Organic Farming, F= Fertilizer, EGG= Emission Gas Greenhouse, AAH= Agriculture Area Hectares.

The next step is to test if there is a long-run relationship exists among the variables by using a cointegrating
relations method. Table 2 presents the Johansen test for the cointegration relations among all seven variables, on
the basis of trace statistics and the maximal eigenvalue statistics at 5 percent. The trace statistic reveals that
there is one cointegrating relationship among seven variables. Since the trace statistic considers all of the
smallest eigenvalues, it possesses more power than the maximum eigenvalue statistic. Johansen and Juselius
(1990) recommend the use of the trace statistic when there is a conflict between these two statistics. Therefore,
this result indicates that there is a long-run relationship between these seven variables. In other words, the
variables have also cointegrated the equations of the VAR, including the lagged values of the variables in levels
to capture their long-run relationships.

Table 2: Cointegration test results

Null hypothesis Trace statistics Maximal eigenvalue statistics Critical Values (5%)
Trace Max-Eigen

r=0 131.13 41.635 153.57 42.085

r<i 89.493 32.216 111.49 41.595

r<2 57.277 23.255 69.893 25.501

r<3 34.022 21.505 44.392 21.791

r<4 12.517 9.6242 22.601 13.151

r<5 2.8930 2.7557 9.4497 6.8504

r<6 0.13732 0.13732 2.5994 2.5994

The output of the regression is presented in Table 3. With several lags of the same variables, each estimated
coefficient might not be statistically significant due to multicollinearity. The VAR result reveals the statistical
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and theoretical significance of the parameter estimate. The results show that population (p), gross product index,
fertilizer (F), emission gas greenhouse (EGG), and agriculture area hectares (AAH) have a significant positive
impact on food production index (FPI). In contrast, the results show that organic farming has an insignificant
impact on FPI.

Table 3: Vector Auto-Regressive estimates

Variable FPI P GDP OF F EGG AAH
0004 | —0208 | 0547 | -0142 0.023

FPILL 104140310 0000) | (0.340) | (0.173) | (0.498) [F738 (R0 461
2619 | —4962 | -3.031 54.98 ~1.803

PL1 402982881327 (-0439) 034 | (a463) | (4.480) | (-2662) | (2.947)
0051 | -0.0001 0110 | -0050 | -0109 | -0.004

GOPL | (00142 | (oor) P8O0 504y | (0.039) | (-0321) | (-0.002)
oF 1 ~0.116 0.0004 0530 | 0368 | 00621 | 0181 | -0.026
- (-0.191) | (-0.001) | (0.130) | (-0.072) | (0.136) | (0.087) | (0.008)
0.196 0.581 0.230 ~0.247 0.088

F1 ]0388(0.053)0.005(-0.009  5yg) | (—0.088) | (-0.111) | (-1.116) | (-0.002)
~0.026 | 00261 | -0498 | 0003

EGG_L | 0.001(0024) 0.0007 (00010745 0.773) o | oz | %0 | oo

~0.075 ~0.190 —0.217 —3.743
AAH_1 |-1.891(0.453)0.032 (0.006)| 53, 0883) | (2200 | (o862 0-583(0.149)
R-squared 0.801 0.995 0.925 0.583 0.846 0.763 0.972
Adj. R- 0.663 0.991 0.872 0.292 0.738 0.597 0.953
squared
Sr‘;'s‘: dssq' 0.158 0.0001 0.785 0.625 0.088 2.123 0.004
S.E. equation|  0.089 0.002 0.198 0.176 0.066 0.325 0.015
P-value 0.0002 456e-20 | 2.86e-08 | 0076 0.000 0.001 157e-1
Log
kel od 45.62 36.073 142732 | 167.413 | -52.652 52.021 42.761
Akaike AIC | 19.46 12.301 2.092 -0.301 0.715 12541 3.098
Mean 4.995 16.14 16.70 7.394 4.296 9.229 8.698
dependent
SD.
dependent 0.153 0.025 0.556 0.210 0.129 0513 0.072

FPI_1= Food Production Index, P_1= Population, GDP_1= Real Gross Domestic Product, OF 1= Organic
Farming, F_1= Fertilizer, EGG_1= Emission Gas Greenhouse, AHH_1= Agriculture Area Hectares.

DISCUSSION AND CONCLUSION

This paper analyzed the dynamic relationship between Macroeconomic variables which have been chosen to be
the link between sustainable agriculture and food security by the selection of some indicators of sustainable
agriculture (Emission gas Greenhouse, Fertilizers consumption, Organic Farming, Agriculture Area) and some
other related variables (Hungarian Population, Real gross domestic product). Subsequently, to examine the
effect of each variable in a long time series (1980-2016) through each other’s, also the effects of those variables
on FPI, In contrast, the GDP had a positive relationship with all variables except organic farming, which make
the opposite side with the study [26] of that considered the GDP affected positively with all macroeconomic and
environmental variables.

The results showed that the data of variables which had been selected in this study depending on (Dick
Fuller) tests, that all are stationary, also there is long term relationship between all seven variables. Furthermore,
there is a significant positive impact of EGG, AAH, F, GDP, and P on FP, while the effect of OF on FPI was
insignificant. The recommendation is increasing and improving organic farming with an effective method to
reach the massive food production with sustainable products.

The results indicate the positive relationship between greenhouse gas emissions and the use of fertilizers
and the agricultural production index, where this result corresponds to the study [23] of greenhouse gases that
concluded a positive effect between greenhouse gases resulting from agricultural consumption and fertilizers,
which explained this increase to the slow increase in the volume of irrigated agricultural lands. In the results as
well, the relationship was negative in relation to organic farming with the rest of the variables. This is a logical
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result in respect of the relationship between the use of fertilizers and the agricultural production index
positively, while the use of fertilizers was harmful with the production of organic agriculture because the
fertilizers used are inorganic or the using extensively for non-biological fertilizers. This result is also compatible
with the study [22], which concluded that the emission ratios differ with the use of multiple-source fertilizers,
which recommended the encouragement of the recycling of agricultural waste, thus preserving the soil from
depletion and preparing it for more organic production. On the other side the positive relationship between
growth population with the food production index, it will cause big challenges to maintain food security with the
sustainability at the same time particularly with the vulnerable population, because of food insecurity occur
when estimated per capita food consumption for a consumer at a certain income level shorts of nutritional target
of 2.100 calories per person per day depending on[35]. The food production should be increased more than the
rising population, with sustainable ways to get sustainable agriculture and food security in parallel with each
other.

CONTRIBUTION OF THE STUDY

The study confirmed through research, analysis, and conclusion that the systematic path must be followed to
obtain sustainable agriculture and food security achieved because many indicators and determinants of both are
overlapping and affecting each other directly or indirectly. This leads the decision-maker who is the direct
responsibility for both sustainable agriculture and food security should be in constant contact with the scientific
research regarding both agricultural production and the environment with the increasing of research
development in both fields.
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