
Organic Agriculture Towards 
Sustainability

Edited by Vytautas Pilipavičius

Edited by Vytautas Pilipavičius

Organic agriculture combines tradition, innovation and science to benefit the shared 
environment and promotes fair relationships and a good quality of life. This book 
is a compilation of 11 chapters focused on development of organic agriculture, the 

role of sustainability in ecosystem and social community, analysis of environmental 
impacts of the organic farming system and its comparison with the conventional 
one, crop growing and weed control technologies, organic production, effective 

microorganisms technology. Continuously, a wide range of research experiments focus 
on organic agriculture technologies, quality of production, environmental protection 
and non-chemical, ecologically acceptable alternative solutions. In the book Organic 
Agriculture Towards Sustainability, contributing researchers cover multiple topics 

respecting modern, precious organic agriculture research.

Photo by kRie / Shutterstock

ISBN 978-953-51-1340-9

O
rganic A

griculture Tow
ards Sustainability



ORGANIC AGRICULTURE
TOWARDS

SUSTAINABILITY

Edited by Vytautas Pilipavičius



ORGANIC AGRICULTURE
TOWARDS

SUSTAINABILITY

Edited by Vytautas Pilipavičius



Organic Agriculture Towards Sustainability
http://dx.doi.org/10.5772/57033
Edited by Vytautas Pilipavicius

Contributors

Terrence Thomas, Cihat Gunden, Mariola Staniak, Jerzy Księżak, Jolanta Bojarszczuk, Dr. Orhan Özçatalbaş, Xiaohou 
Shao, Tingting Chang, Maomao Hou, Idowu Oladele, Sijuwade Adebayo, Jan Moudry, Franc Bavec, Beata Feledyn-
Szewczyk, Kuś Jan, Krzysztof Jonczyk, Jarosław Stalenga, Zoran Ilić, Nikolaos Kapoulas, Ljubomir Suniç, Ajuruchukwu 
Obi, Maggie Kisaka-Lwayo, Vytautas Pilipavicius, Alvydas Grigaliunas

© The Editor(s) and the Author(s) 2014
The moral rights of the and the author(s) have been asserted.
All rights to the book as a whole are reserved by INTECH. The book as a whole (compilation) cannot be reproduced, 
distributed or used for commercial or non-commercial purposes without INTECH’s written permission.  
Enquiries concerning the use of the book should be directed to INTECH rights and permissions department 
(permissions@intechopen.com).
Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0 
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided 
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not 
be included under the Creative Commons license. In such cases users will need to obtain permission from the license 
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be 
foundat http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those 
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published 
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the 
use of any materials, instructions, methods or ideas contained in the book.

First published in Croatia, 2014 by INTECH d.o.o.
eBook (PDF) Published by  IN TECH d.o.o.
Place and year of publication of eBook (PDF): Rijeka, 2019.
IntechOpen is the global imprint of IN TECH d.o.o.
Printed in Croatia

Legal deposit, Croatia: National and University Library in Zagreb

Additional hard and PDF copies can be obtained from orders@intechopen.com

Organic Agriculture Towards Sustainability
Edited by Vytautas Pilipavicius

p. cm.

ISBN 978-953-51-1340-9

eBook (PDF) ISBN 978-953-51-5392-4



Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com

4,200+ 
Open access books available

151
Countries delivered to

12.2%
Contributors from top 500 universities

Our authors are among the

Top 1%
most cited scientists

116,000+
International  authors and editors

125M+ 
Downloads

We are IntechOpen,
the world’s leading publisher of 

Open Access books
Built by scientists, for scientists

 





Meet the editor

Dr. Pilipavičius gained his degree diploma (summa 
cum laude, Hon) in Scientific Agronomy from Lithua-
nian University of Agriculture (since 2011 Aleksandras 
Stulginskis University) in 1996 and soon went on to ob-
tain his PhD in Weed and Crop Sciences (2000) followed 
by Habilitation in Biomedical Sciences, Agronomy 
(2007) with the topic “Weed Spreading Regularity and 

Adaptivity to Abiotical Factors”. Since 1996, he has worked at the same 
university as a researcher and an assistant professor, later as an associate 
professor and the vice-dean for research and development at the faculty of 
Agronomy, eventually progressing to become a professor in weed science, 
organic agriculture and agroecology in 2007. Dr. Pilipavičius continues 
to specialize in the field of organic and conventional agriculture, agro-
ecology, soil tillage, weed and crop sciences. Since 2008 dr. Pilipavičius is 
elected as National Representative (Lithuania) at European Weed Research 
Society EWRS. He has published over 100 research papers in both national 
and international journals and over 70 other publications, presentations 
and theses at symposiums and conferences as well is an author or co-au-
thor and editor of more than 15 books. Dr. Pilipavičius serves as an Edito-
rial board member of research journal Agricultural Sciences (http://www.
asu.lt/vagos/en/16404). In 2009 he was appointed as an Editor in Charge 
of international high profile peer-reviewed journal Agronomy Research 
(http://agronomy.emu.ee/). Throughout international Erasmus program 
prof. dr. Pilipavičius is a visiting professor at many Agricultural univer-
sities in European countries such as Belgium, Czech Republic, Denmark, 
Estonia, Finland, Germany, Italy, Latvia, Norway, Poland, Spain, Sweden 
and Turkey. 



Contents

Preface VII

Chapter 1 Organic Agriculture, Sustainability and Consumer
Preferences   1
Terrence Thomas and Cihat Gunden

Chapter 2 Analysis of Production and Consumption of Organic Products
in South Africa   25
Maggie Kisaka-Lwayo and Ajuruchukwu Obi

Chapter 3 Organic agricultural practices among small holder farmers in
South Western Nigeria   51
Sijuwade Adebayo and Idowu O Oladele

Chapter 4 Current Status of Advisory and Extension Services for Organic
Agriculture in Europe and Turkey   67
Orhan Özçatalbaş

Chapter 5 Lithuanian Organic Agriculture in the Context of
European Union   89
Vytautas Pilipavičius and Alvydas Grigaliūnas

Chapter 6 Mixtures of Legumes with Cereals as a Source of Feed
for Animals   123
Mariola Staniak, Jerzy Księżak and Jolanta Bojarszczuk

Chapter 7 Tomato Fruit Quality from Organic and Conventional
Production   147
Ilić S. Zoran, Kapoulas Nikolaos and Šunić Ljubomir



Contents

Preface XI

Chapter 1 Organic Agriculture, Sustainability and Consumer
Preferences   1
Terrence Thomas and Cihat Gunden

Chapter 2 Analysis of Production and Consumption of Organic Products
in South Africa   25
Maggie Kisaka-Lwayo and Ajuruchukwu Obi

Chapter 3 Organic agricultural practices among small holder farmers in
South Western Nigeria   51
Sijuwade Adebayo and Idowu O Oladele

Chapter 4 Current Status of Advisory and Extension Services for Organic
Agriculture in Europe and Turkey   67
Orhan Özçatalbaş

Chapter 5 Lithuanian Organic Agriculture in the Context of
European Union   89
Vytautas Pilipavičius and Alvydas Grigaliūnas

Chapter 6 Mixtures of Legumes with Cereals as a Source of Feed
for Animals   123
Mariola Staniak, Jerzy Księżak and Jolanta Bojarszczuk

Chapter 7 Tomato Fruit Quality from Organic and Conventional
Production   147
Ilić S. Zoran, Kapoulas Nikolaos and Šunić Ljubomir



Chapter 8 Application of Active EM-Calcium in Green Agricultural
Production — Case Study in Tomato and Flue-cured Tobacco
Production   171
Xiaohou Shao, Tingting Chang, Maomao Hou, Yalu Shao and
Jingnan Chen

Chapter 9 The Suitability of Different Winter and Spring Wheat Varieties
for Cultivation in Organic Farming   197
Beata Feledyn-Szewczyk, Jan Kuś, Krzysztof Jończyk and Jarosław
Stalenga

Chapter 10 Organic Production of Cash Cereals and Pseudocereals   227
Franc Bavec

Chapter 11 Environmental Aspects Of Organic Farming   247
Jan Moudrý jr. and Jan Moudrý

X Contents

Preface

History of agriculture estimated about 10 thousand years. During a long time period agricul‐
ture was maintained only by regular ecological processes and natural materials of nature.
Chemical-synthetically materials - fertilizers and pesticides entered agriculture only during
last 100-150 years and became a concurrent in conventional farming. Intensive entering of fer‐
tilizers and especially of pesticides as herbicides, fungicides, insecticides and other chemicals
into the agricultural system created background for significant increase of the crop productivi‐
ty which was acclaimed. Essential increase in crop productivity solved many social problems
at a time, however, later industrial production methods in agriculture attained criticism as
contaminating environment, being not natural and not sustainable.

Organic agriculture is a production system that sustains the health of soils, ecosystems and
people. Alternative forms of farming bypass such conventional problems as environmental
pollution by fertilizers and pesticides, loosing of biodiversity, irrational use of energetically
non-replenishing resources. Organic agriculture relies on ecological processes, biodiversity
and cycles adapted to local conditions, rather than the use of inputs with adverse effects.

More sustainable organic agriculture to environment needs special methods, machinery and
implementation system. Therefore, organic farming needs a governmental support system.
Yield productivity regularly is lower in organic agriculture, however, organic production has
higher price compared it with the conventional one.

The area of certified organic agricultural land in the world continuously is tending to increase
and in 2009 world organic agricultural area reached 37.2 million hectares. EU-28 average made
5.7% of agricultural land as organic in 2012.

The overall purpose of this book is to show organic agriculture as many-sided system which
replenishes and conditions agricultural technologies favourable for environment. In this book,
contributing authors have provided a broad spectrum of topics starting from development
and value of organic agriculture locally and worldwide continuing to classical and specific ex‐
perimental issues.

Organic agriculture acquires the increasing acknowledgement of practitioners and theoreticians.
Discussion proceeds about the damage to the environment and nature done by the conventional
agriculture. However, there is still lack of practical advice how to change this situation. It is hop‐
ed that this book will serve as a new source of research information and will help for better under‐
standing of organic agriculture and will encourage future organic research.

Prof. Dr. Vytautas Pilipavičius
Institute of Agroecosystems and Soil Sciences, Faculty of Agronomy,

Aleksandras Stulginskis University,
Lithuania
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Organic Agriculture, Sustainability and Consumer
Preferences

Terrence Thomas and Cihat Gunden

Additional information is available at the end of the chapter
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1. Introduction1

Scholars acknowledge that early man provided food for himself and his family via gathering
what was available to him in his surroundings; he relied on nature for his sustenance. As hunter
gatherers, man lacked the capacity to manipulate the environment to produce food beyond
the amount that was available naturally. Consequently, there was minimal or no environmen‐
tal impact, the human population remained small and in balance with nature; hunter gatherers’
population could not expand beyond the available sources of food [1-3]. Over time, however,
as hunter gatherers learn to cope with their environment and became more adept at gathering
food, the population increased, leading to the next stage in the evolution of the food production
system—the Neolithic revolution or the development of agriculture. The development of
agriculture led to sedentary communities, increase in population size and the specialization
of labor, all of which facilitated technological development, i.e., improved tools, dwellings and
means for transporting water and materials. In sum, man learned and applied techniques for
domesticating animals and plants, or put another way, agriculture was invented. Yet, at this
early stage in the practice of agriculture, man’s interaction with his sustenance base could be
described as “give and take”; a relationship in which man essentially learned from his
experience living in the environment, a sort of ‘symbiotic” relationship with his sustenance
base that resulted in little or no adverse environmental impact. Even when there was adverse
impact, the population was small and technology environmentally benign, which allowed the
sustenance base to recover. The invention of agriculture laid the foundation for the develop‐
ment of civilization, increase in knowledge and man’s capability to manipulate the environ‐
ment. It was not until the birth of modern science and its application to the development of

1 This section of the chapter is drawn extensively on the work of [4-5].

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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techniques for producing goods and services that man acquired the capability to manipulate
the environment for producing food to meet his needs. The birth of modern science, following
the Enlightenment, nurtured a culture that promoted and reinforced the world view that man
through the application of science would be able to master and manipulate the environment
to meet his needs. Advances in science during this era (17th and 18th century) led to the
Industrial Revolution and the progressive industrialization of agriculture.

Prior to the intensive application of science to agriculture, the production of food and fiber
relied on what is now referred to as traditional methods, which included: crop rotation, organic
manure from animals and cover crops, animal power, intensive use of labor on small farms
and a conventional artisan approach to plant and animal improvement—agriculture relied
heavily on natural process, i.e., the ecology in which it was nested. Thus, in terms of today’s
language food production was substantively organic. The industrial revolution transformed
traditional agriculture with: (1) the application of farm machinery for land preparation,
reaping, hauling, irrigating, land clearing, fertilizer, manure and pesticide application; (2) the
development and application of fertilizers, insecticides and weedicides; (3) application of
sophisticated irrigation systems; (4) the application of principles of genetics to plant and animal
breeding and (5) the practice of monoculture. These technologies have led to staggering
increases in crop and animal production and productivity, larger farms and fewer farms and
farmers [1-2, 6] and increased negative impact on the sustenance base [1-2, 6-8]. Another phase
of agricultural evolution involved the application of information technologies, biotechnologies
and modern science-based business management practices to organize and operate food
production systems, leading to further gains in efficiency and productivity. Striking features
of this phase include the following: large corporate style farms, drastic decline in family farms
and profound innovations in the application of biotechnologies to the improvement of plants
and animals. The progressive evolution of man’s food gathering and food production rela‐
tionship with his sustenance base (the ecology or environment) is characterized by: (1) his
increasing capacity to apply science in developing the technologies used to manipulate the
sustenance base or the ecological capital to meet his needs for food and fiber; and (2) the
progressive ecological impact of these technologies. Prior to the phase of intensive application
of science to agriculture, food production could be described as nature-based with food
production and population more or less in balance with nature.

2. The impact of agriculture on the environment2

Rachel Carson’s seminal work “Silent Spring” documented the environmental impact of
insecticide on the environment [9]. Other authors including [1-2, 6-8] have documented an
increasing environmental impact of conventional industrial agricultural technologies. Among
the major impacts are point and non-point pollution from fertilizers and pesticides use;
deforestation; desertification; salinization; soil erosion and sediment deposition downstream;
degradation of water aquifers, accumulation of toxic compounds, loss of biodiversity; and

2 This section of the chapter is drawn extensively on the work of [4-5].

Organic Agriculture Towards Sustainability2

habitat fragmentation. The net effect of these impacts over time will be to reduce the capacity
of the sustenance base to support increases in food production to meet the needs of future
generations and the needs of those who currently suffer from hunger and malnutrition.

These concerns regarding health, as well as the environmental impacts and sustainability of
conventional industrial agriculture have led to efforts directed at developing more sustainable
alternatives as described by [10-13]. Alternatives, variously described as organic food pro‐
duction systems, community supported agriculture (CSA), community-based agriculture, and
civic agriculture have begun to resonate and garner significant public support. These alterna‐
tive approaches to food production are community-based food production systems. Com‐
munity-based agriculture initiatives are nature-based and produce food in an environmentally
sustainable manner [14-15]. Sustainable agricultural production systems practice crop
rotation, no-till farming, diverse cropping patterns, use of organic matter or organically
derived fertilizers, integrated pest management, biological control, cover cropping, timing of
planting, leaving land in fallow, a variety of water conservation techniques and make optimum
use of the natural biological cycles. The objective of a sustainable agricultural system is to forge
a symbiotic relationship with the ecological capital and in the process learn to use the resources
it provides without affecting the capacity of the ecological capital to support food production.
This approach is tantamount to using a portion of the interest from an investment portfolio
and ploughing back some earnings to ensure the continued productive capacity of the base
investment capital. In contrast, conventional industrial agriculture views the ecology as
primary capital input or raw material that is to be manipulated or consumed in the production
process. The focus of sustainability in food production is to develop a food production system
that mirrors or integrates with the natural ecology in which it exists. It is believed that such a
system would achieve the highest degree of sustainability--the capacity to persist through time
as a system of food production.

3. Sustainable agriculture the undergirding principle of organic
agriculture3

What exactly is sustainable agriculture? Scholars and technocrats alike don’t agree on a single
definition, primarily because: (1) there is no way a single definition of the concept could be
applied to cover the diversity of ecologies, cultural and economic conditions under which
agriculture is practiced, and (2) there are several stakeholders, with a vested interest in the
concept, who cannot agree on a single definition [16]. Essentially then, the practice of sustain‐
able agriculture will be defined by local ecological and social conditions. Even though there is
lack of agreement on a single definition of sustainable agriculture, there is general agreement
that conventional agriculture or industrial agriculture is not sustainable for reasons mentioned
above. For example, conventional agriculture depends increasingly on energy supplies from
nonrenewable sources, depends on a narrow genetic base and intensive use of chemical

3 This section of the chapter is drawn extensively on the work of [4-5].
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fertilizers and pesticides. In addition, it relies on subsidies and price support, has an increasing
negative impact on the environment as evidenced by the loss of species, habitat destruction,
soil depletion, consumption of fossil fuels and water-use at unsustainable rates, and contrib‐
utes to air and water pollution and risks to human health [17].

Notwithstanding the difficulties involved in defining sustainable agriculture, given the threat
posed by conventional agriculture, scholars still continue to work to define and clarify the
concept. For example, Ikerd [18] proposed the following definition: “…capable of maintaining
its productivity and usefulness to society over the long run…it must be environmentally-
sound, resource conserving, economically viable and socially supportive, and commercially
competitive” (p.30). In a later work Ikerd argued that sustainability should be thought of as a
goal to be achieved rather than a static concept with a fixed definition. Even though Ikerd’s
view has considerable intuitive appeal, we believe that having a working definition clarifies
what a concept represents and provides the information needed for identifying its constituent
elements and distinguishing it from other concepts. Description of an object or thing provides
insight into the nature of what that thing is and what it can do. Since what a thing can do
depends on what it is, insights into its nature enables us to hypothesize about potential courses
of action regarding that thing. Or, put another way, insights developed from clarifying the
definition of a sustainable agricultural production system enables us to design courses of action
to attain a sustainable food production system.

In this chapter, we draw on Ikerd’s definition and the definition of sustainable development
proposed by [19]. We define a sustainable agricultural production system as the practice of
agriculture to produce food and fiber that meets the needs of the current population without
compromising the capacity of the ecological capital, on which it depends, to support the needs
of future populations. This means the nutritional, recreational and fiber needs of current
populations must be met within the ecological limits of our natural resource base (ecological
capital). The primary elements making up our definition are: (1) need, (2) time, (3) ecological
capital, (4) equity, (5) population and (6) practice. From our perspective, the first element,
“need” entails consuming resources to satisfy a physiological or physical requirement over
time. Technically, a need is a necessity that is not satisfied in a single instance; it is a continuing
requirement. In this sense, a sustainable agricultural system is one that is capable of persisting
through time to meet current and future needs. The second element, “time” is a key concept,
because sustaining anything means making sure that the particular thing persists through
time. In the case of a sustainable agricultural system, it means managing our relationship with
the ecological capital in such a manner that it will continue to meet our needs and the needs
of future generations. The third element in our definition, “ecological capital,” represents the
resource base or the stock of natural assets that support life and food and fiber production.
Our definition of ecological capital varies slightly from that offered by [1]. In our definition,
we emphasize the biological base (the ecosystem) from which all natural services and goods
are derived. Wright [1], on the other hand, defines it as the sum of goods and services provided
by natural and managed ecosystems (agriculture) that are essential to human life and well-
being. We chose to use the ecosystem or biological base because if the ecosystem is degraded
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or depreciated, its productive capacity and ability to support food production through a
managed ecosystem (agriculture) will be much reduced.

The fourth element, equity, refers to the necessity to manage the endowment of ecological
capital to meet the needs of the current generation without damaging its capacity to provide
for future generations. In the context of our definition, the principle of equity also implies
observing rules of fairness in the production, distribution and marketing of food and in
exploiting other goods and services provided by our endowment of ecological capital.
Population, the fifth element, refers to the current generation who consumes the goods and
services produced from ecological capital, as well as future generations who will be consuming
future products and services from the ecological capital. The attainment of a sustainable
agricultural production system depends on the size of the population whose needs are to be
met, the consumption level of the population, and the type of technology used in the produc‐
tion process. The final element, practice, deals with not only the technology employed in the
production process but also the political, economic and social factors that impinge on and
shape the sustainable agricultural production system. Given our definition, the question
becomes: what insights for action can we draw? From our perspective, there are four primary
insights (our illustrations below draw on the work of [1]): First, the population or people whose
needs are to be met by a sustainable agricultural production system may be viewed from a
dual perspective. People are the beneficiaries of a sustainable agricultural production system.
Second, people are agents who must be proactive in defining what a sustainable food pro‐
duction system should be.

If a sustainable food production system is to be more than a theoretical abstraction, agents-the
beneficiaries-must be able to operationalize the system to produce sustainable benefits. In
operationalizing the concept of a sustainable agricultural production system, both values and
knowledge play a central role in this process. Knowledge tells us about the ecosystem and how
it supports agricultural production and what sort of sustainable development is possible, while
our system of values guides us in making a choice once our options have been made clear. In
this sense, moving from abstraction to implementation will be guided by the process illustrated
in Figure 1 below. As illustrated in Figure 1, a sustainable food production system must be
economically feasible “meaning such a system must be affordable and economically efficient.
The sustainable food production system must also be socially desirable “indicating that it must
be in sync with the cultural disposition and values of the agents or people it will serve.
Consistent with this view, [17], reject approaches to sustainability that focus on the description
and development of sustainable farming practices regardless of the socio-productive charac‐
teristics of the farming systems in which they are applied. Finally, a sustainable food produc‐
tion system must be in harmony with the ecology which supports it. If the food production
system is discordant with, or in any way detrimental to the ecology that supports it, such a
food system will not be sustainable.
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compromising the capacity of the ecological capital, on which it depends, to support the needs
of future populations. This means the nutritional, recreational and fiber needs of current
populations must be met within the ecological limits of our natural resource base (ecological
capital). The primary elements making up our definition are: (1) need, (2) time, (3) ecological
capital, (4) equity, (5) population and (6) practice. From our perspective, the first element,
“need” entails consuming resources to satisfy a physiological or physical requirement over
time. Technically, a need is a necessity that is not satisfied in a single instance; it is a continuing
requirement. In this sense, a sustainable agricultural system is one that is capable of persisting
through time to meet current and future needs. The second element, “time” is a key concept,
because sustaining anything means making sure that the particular thing persists through
time. In the case of a sustainable agricultural system, it means managing our relationship with
the ecological capital in such a manner that it will continue to meet our needs and the needs
of future generations. The third element in our definition, “ecological capital,” represents the
resource base or the stock of natural assets that support life and food and fiber production.
Our definition of ecological capital varies slightly from that offered by [1]. In our definition,
we emphasize the biological base (the ecosystem) from which all natural services and goods
are derived. Wright [1], on the other hand, defines it as the sum of goods and services provided
by natural and managed ecosystems (agriculture) that are essential to human life and well-
being. We chose to use the ecosystem or biological base because if the ecosystem is degraded
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or depreciated, its productive capacity and ability to support food production through a
managed ecosystem (agriculture) will be much reduced.

The fourth element, equity, refers to the necessity to manage the endowment of ecological
capital to meet the needs of the current generation without damaging its capacity to provide
for future generations. In the context of our definition, the principle of equity also implies
observing rules of fairness in the production, distribution and marketing of food and in
exploiting other goods and services provided by our endowment of ecological capital.
Population, the fifth element, refers to the current generation who consumes the goods and
services produced from ecological capital, as well as future generations who will be consuming
future products and services from the ecological capital. The attainment of a sustainable
agricultural production system depends on the size of the population whose needs are to be
met, the consumption level of the population, and the type of technology used in the produc‐
tion process. The final element, practice, deals with not only the technology employed in the
production process but also the political, economic and social factors that impinge on and
shape the sustainable agricultural production system. Given our definition, the question
becomes: what insights for action can we draw? From our perspective, there are four primary
insights (our illustrations below draw on the work of [1]): First, the population or people whose
needs are to be met by a sustainable agricultural production system may be viewed from a
dual perspective. People are the beneficiaries of a sustainable agricultural production system.
Second, people are agents who must be proactive in defining what a sustainable food pro‐
duction system should be.

If a sustainable food production system is to be more than a theoretical abstraction, agents-the
beneficiaries-must be able to operationalize the system to produce sustainable benefits. In
operationalizing the concept of a sustainable agricultural production system, both values and
knowledge play a central role in this process. Knowledge tells us about the ecosystem and how
it supports agricultural production and what sort of sustainable development is possible, while
our system of values guides us in making a choice once our options have been made clear. In
this sense, moving from abstraction to implementation will be guided by the process illustrated
in Figure 1 below. As illustrated in Figure 1, a sustainable food production system must be
economically feasible “meaning such a system must be affordable and economically efficient.
The sustainable food production system must also be socially desirable “indicating that it must
be in sync with the cultural disposition and values of the agents or people it will serve.
Consistent with this view, [17], reject approaches to sustainability that focus on the description
and development of sustainable farming practices regardless of the socio-productive charac‐
teristics of the farming systems in which they are applied. Finally, a sustainable food produc‐
tion system must be in harmony with the ecology which supports it. If the food production
system is discordant with, or in any way detrimental to the ecology that supports it, such a
food system will not be sustainable.
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4. Community and sustainable systems

Third, to make a food production system sustainable following the precepts depicted in Figure
1, the agents of such a system must act according to the framework illustrated in Figure 2. This
is the point where community plays a vital role in crafting and managing a food production
system to achieve sustainable objectives.
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In Figure 2, stewardship entails employing ethical principles and values in choosing how
sustainability is achieved. For example, sound-science provides knowledge about the ecosys‐
tem and the possibilities for supporting agricultural pursuits in a sustainable manner. It also
informs us about how to make good decisions through policies and the political process.
Science generates knowledge about specific sustainable practices and their efficacy. It tells us
about the impact of globalization on the distribution of food, trade, and the spread of pollutants
and diseases. In sum, science tells us what is and what is not possible. Good stewards must
apply ethical standards and values to choose from among the possibilities that science
generates in designing and implementing a sustainable agricultural production system, and
in evaluating and adjusting the system to meet sustainable objectives. So then, the pivotal
question becomes: Who gets to choose from among the possibilities that science generates?

Organic Agriculture Towards Sustainability6

Since food production in a sustainable system is inextricably linked to the local environment
and the community’s social and political infrastructure in which it exists, it follows that
sustainable agricultural practices are defined by local ecological conditions and by the local
social infrastructure which gives rise to the ethical values that guide stewardship. The
connection of a sustainable food production system to ecological and social environments
means that decisions concerning the design and development of sustainable agricultural
production systems will have implications for everyone.

As a result, there will be several stakeholders with a vested interest in shaping the practice of
sustainable agriculture. The reality is that citizens living in the same information rich envi‐
ronment as their leaders realize that the institutionalized bulwarks of authority are not
omnipotent and that leaders are more or less ordinary people. Consequently, they assign less
significance to the guidance of their leaders and institutions and have opted to become more
reflective, proactive and self-regulating [20]. Implementing a sustainable agricultural produc‐
tion system in this context calls for collective action, because reflective and proactive citizens
will insist on participating in the decision-making process. The support of diverse, reflective
and proactive stakeholders is critical for ensuring that the values of stakeholders are reflected
in defining and supporting the practice of sustainable agriculture.

Fourth, given that food systems depend on a healthy base of ecological capital regardless of
their production technique, the sustainability of food systems can be conceptualized as existing
on a continuum based on the level of integration with the natural ecosystem and the social
environment in which it exists. At the high end of the continuum would be a production system
that achieves the highest level of integration with the ecology and the social system in which
it exists. And at the low end would be conventional/industrial agriculture. As indicated earlier,
a sustainable system makes judicious use of available ecological capital by making optimal use
of: biological cycles, the practice crop rotation, no-till farming, diverse cropping patterns, the
use of organic matter or organically derived fertilizers, integrated pest management, biological
control, cover cropping, timing of planting, leaving land in fallow and a variety of water and
soil conservation techniques. To be sustainable, the food production system, as discussed
earlier, must meet social and economic objectives within the limits of the ecology in which it
exists. Sustainable food production must involve the community as consumers and stewards
of the food production system. The system must also nurture and expand understanding of
the interdependence of food production and the ecology which supports it. Considering that
people are the agents and beneficiaries of a sustainable food system, communities must
understand and accept that natural resources are finite, recognize the limits on economic
growth, and encourage equity in resource allocation [17]. In other words, the drive for
economic efficiency must be tempered by the need to preserve ecological capital and ensure
social and economic equity. The trend toward large-scale Industrial profit driven farming has
implications for the economic health of rural communities. For example, studies have dem‐
onstrated that independent hog farmers generate more jobs, more local retail spending, and
more local per capita income than do larger corporate operations. Comparisons between
conventional industrial agriculture and sustainable systems indicate that organic agriculture
and sustainable systems are productive and economically competitive [17].
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4. Community and sustainable systems

Third, to make a food production system sustainable following the precepts depicted in Figure
1, the agents of such a system must act according to the framework illustrated in Figure 2. This
is the point where community plays a vital role in crafting and managing a food production
system to achieve sustainable objectives.
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In Figure 2, stewardship entails employing ethical principles and values in choosing how
sustainability is achieved. For example, sound-science provides knowledge about the ecosys‐
tem and the possibilities for supporting agricultural pursuits in a sustainable manner. It also
informs us about how to make good decisions through policies and the political process.
Science generates knowledge about specific sustainable practices and their efficacy. It tells us
about the impact of globalization on the distribution of food, trade, and the spread of pollutants
and diseases. In sum, science tells us what is and what is not possible. Good stewards must
apply ethical standards and values to choose from among the possibilities that science
generates in designing and implementing a sustainable agricultural production system, and
in evaluating and adjusting the system to meet sustainable objectives. So then, the pivotal
question becomes: Who gets to choose from among the possibilities that science generates?
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Since food production in a sustainable system is inextricably linked to the local environment
and the community’s social and political infrastructure in which it exists, it follows that
sustainable agricultural practices are defined by local ecological conditions and by the local
social infrastructure which gives rise to the ethical values that guide stewardship. The
connection of a sustainable food production system to ecological and social environments
means that decisions concerning the design and development of sustainable agricultural
production systems will have implications for everyone.

As a result, there will be several stakeholders with a vested interest in shaping the practice of
sustainable agriculture. The reality is that citizens living in the same information rich envi‐
ronment as their leaders realize that the institutionalized bulwarks of authority are not
omnipotent and that leaders are more or less ordinary people. Consequently, they assign less
significance to the guidance of their leaders and institutions and have opted to become more
reflective, proactive and self-regulating [20]. Implementing a sustainable agricultural produc‐
tion system in this context calls for collective action, because reflective and proactive citizens
will insist on participating in the decision-making process. The support of diverse, reflective
and proactive stakeholders is critical for ensuring that the values of stakeholders are reflected
in defining and supporting the practice of sustainable agriculture.

Fourth, given that food systems depend on a healthy base of ecological capital regardless of
their production technique, the sustainability of food systems can be conceptualized as existing
on a continuum based on the level of integration with the natural ecosystem and the social
environment in which it exists. At the high end of the continuum would be a production system
that achieves the highest level of integration with the ecology and the social system in which
it exists. And at the low end would be conventional/industrial agriculture. As indicated earlier,
a sustainable system makes judicious use of available ecological capital by making optimal use
of: biological cycles, the practice crop rotation, no-till farming, diverse cropping patterns, the
use of organic matter or organically derived fertilizers, integrated pest management, biological
control, cover cropping, timing of planting, leaving land in fallow and a variety of water and
soil conservation techniques. To be sustainable, the food production system, as discussed
earlier, must meet social and economic objectives within the limits of the ecology in which it
exists. Sustainable food production must involve the community as consumers and stewards
of the food production system. The system must also nurture and expand understanding of
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Given the concept of sustainable food system describe herein, we suggest that sustainable food
systems exist on a continuum. The top end of the continuum would define a food production
system that is nature-based and which achieves the highest level of integration with the ecology
and social system in which it exits. We would label this highly ecologically and socially
integrated food production system organic agriculture. Our conception of organic agriculture
presented here is consistent with the definition proposed by Codex Alimentarius Commission
which states that:

“Organic agriculture is a holistic production management system which promotes and enhances agro-
ecosystems health including biodiversity, biological cycles, and soil biological activity. It emphasizes the
use of management practices in preference to the use of off-farm inputs, taking into account that regional
conditions require locally adapted systems. This is accomplished by using, where possible, cultural,
biological, and mechanical methods, as opposed to using synthetic materials, to fulfill any specific
function within the system.” (Quoted in [21] pp.6)

At the low end of the continuum, displaying the lowest level of integration would be conven‐
tional industrial agriculture. Between these two extremes would be food production systems
that manifest varying degrees of ecological and social integration or levels of sustainability.
So then, organic agriculture is the ideal that we should work toward achieving as we strive to
achieve a sustainable food system.

In today’s market place there is a growing demand for organic products. And consumers seem
willing to pay a premium price for products carrying organic quality labels. Questions that
arise are how reliable are these quality labels and what level of confidence should consumers
put in such labels? Usually the control process is carried out by independent certifiers who are
guided by criteria promulgated by rule-making agencies. Certifiers must be vigilant and
succeed in revealing departures from standards and opportunistic behavior in order for quality
assurance labels to build up the reputation necessary to serve as a reliable quality signal.
However, in the case of Potemkin attributes (where the desirable attribute is based on a process
such as in organic production) there is the potential for quality statements to be made with
little risk of disclosure of departures from standards, because consumer agencies, NGOs, and
public authorities are usually not able to verify marketing claims or discover opportunistic
behavior. What is needed to deter opportunistic behavior and identify departures from
accepted standards is a quality monitoring protocol that covers the whole supply chain and
ensures on-site inspections throughout the production process [22]. Another approach is to
ensure stricter audit standards and rigorous training of certifiers, but these approaches are
likely to increase the cost of certification and the resultant cost of organic products, which will
drive down demand for products that are already offered to consumers at premium prices. In
our view, a less expensive, organically-based and a more resilient approach would entail
shortening the supply chain and fostering closer connection between producers and consum‐
ers. We envisage that the community and farmers would fulfill the role of active co-stewards
(the community of consumers and producers) of the organic food production system. As co-
stewards of an organic food production system, farmers and consumers would be organized
in networks that exchange ideas, share experiences and information and work together to solve
problems. In this situation, an effective self-monitoring protocol that is grounded in a culture
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of trust and commitment to standards could emerge. The opportunity for farmers and
consumers to interact as co-stewards would create an appreciation for the attributes that
consumers’ value, the relationship between these valued attributes, the production process
and the price farmers are able to fetch for their product. On the other hand, consumers would
get an appreciation for the process that produces the valued attribute. Over time, the “deep
trust” that would develop between producers and consumers as a result of the co-creation of
understanding of the role of consumer and farmer in meeting each other’s need would lead to
an effective monitoring system. This level of understanding could potentially lead to the
identification of points of weakness in the process; whereupon, co-stewards would take action
to modify existing protocols that would reduce the likelihood of opportunistic behavior.

The idea of entrepreneurial social capital espoused by [23] provides a conceptual basis for our
proposed co-creation of an effective and inexpensive monitoring system. In the instance
outlined above, co-stewards (the community of consumers and producers) have the potential
to serve as a catalyst for mobilizing entrepreneurial social infrastructure (ESI). [23] Defines ESI
as having three elements: symbolic diversity, resource mobilization and quality of networks.
Symbolic diversity enables co-stewards to encourage participation, dissent, accept challenges
to the status quo and embrace constructive controversy and critiques; it encourages people to
focus on the process and the arguments instead of the personalities involved. It also encourages
resource mobilization, which involves promoting local investment by residents in the com‐
munity, equity in resource and risk distribution and collective investment in the community.
Quality networks are encouraged by establishing horizontal and vertical linkages. Horizontal
networking links co-stewards in similar circumstances and promotes learning by sharing
experiences and information from different perspectives. Vertical linkages draw on resources
of others operating in dissimilar circumstances, or in different systems. It enables co-stewards to
attract resources from private and public sources outside the community, for example, from entities with
different levels of expertise and capacity relevant to the problem at hand (our emphasis).

5. Assessing consumers preferences toward production system and
consumers preferences for the attributes of fresh fruits and vegetables4

This next section will examine the attitude of consumers toward organic, sustainable and
conventional production system and consumers preferences for the attributes of fresh fruits
and vegetables. As discussed earlier, sustainable production lies between organic and
conventional production system on our continuum described above. Thus, a sustainable
agricultural production system is operationalized as employing good agricultural practices
(judicious use of synthetic fertilizers and pesticides), integrated pest management and
emphasizes the use of natural cultural practices and fertilizers and insecticides from natural
sources as much as possible.

4 This section of the chapter is drawn extensively on the work of [24-25].
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6. Measuring preferences for food production systems

The advent of specialized stores offering organic produce and products and the allocation of
supermarket self-space to organic produce and products attest to the increasing demand for
food and food products produced under alternative production systems. The emergence of
alternative food production systems and the discussion in the public domain concerning the
health, environmental and social benefits they offer vis a vis conventional production systems
may have, at the very least, sensitized consumers about the opportunities that exist for making
food purchasing decisions based on the type of production system and its perceived benefits.
Additionally, the promotion of healthy eating habits and the need for increased consumption
of fruits and vegetables [26-28], plus the well-publicized need for environmental conservation
[19] amplify the salience and relevance of differences between the food production systems in
terms of their health, environmental and socio-economic impact. Consequently, our objective
here is to assess consumer attitudes toward food produced under the following food produc‐
tion systems – conventional agriculture, sustainable alternatives and organic along five criteria
– contribution to environmental conservation, food safety, food quality, contribution to
wellness and contribution to community economic development by using Analytic Hierarchy
Process (AHP).

6.1. Data and methodology

The sample was designed following the protocol described by [29]. It was drawn proportionate
to population size by county in Georgia, North Carolina and South Carolina. After specifying
the sampling frame parameter, the required sample was purchased from Survey Sampling Inc.
Data were collected from a random sample of 252 respondents, which represents a cooperation
rate of 30 percent. Researchers designed and formatted an analytic hierarchy questionnaire to
collect data via a telephone survey. Enumerators asked consumers to compare three food
production systems: conventional, sustainable and organic in terms of which consumers
would prefer farmers to use in producing the fresh fruits and vegetables that they purchase
or consume; taking into consideration environmental, food safety, food quality, wellness, and
community development issues.

This study employed Analytic Hierarchy Process (AHP) to derive a measure of an individual
consumer's preference for production systems in terms of the selected criteria which is
consistent with previous research conducted in the U.S. [30]. The AHP, which was developed
by [31], is one of the most commonly applied multi-criteria decision-making techniques. AHP
is a subjective tool for analyzing qualitative criteria to generate priorities and preferences
among decision alternatives (For more detailed information about AHP, see [32-34]. The AHP
model, illustrated in Figure 3, was used to assess consumers’ preferences for production
systems in terms of environment, food safety, food quality, wellness and community devel‐
opment.

Cluster analysis was used to separate consumers into groups by: age, education and employ‐
ment status. The aim of cluster analysis is to classify observations into relatively homogeneous
groups called clusters, such that each cluster is as homogeneous as possible with respect to the
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clustering variables [35-36]. Researchers would then be able to determine if consumers’
preferences for production systems varied by age, education or employment status. The
Kolmogorov-Smirnov test was used to check whether the clustering variables were normally
distributed and the Kruskal Wallis test was used to compare clusters.

Further analysis employing multidimensional scaling (MDS) was used to obtain “perceptual
mapping of consumers’ preferences for production systems. By transforming consumer
judgments of overall preferences into distance represented in multidimensional space, MDS
plots the three production systems and five criteria on a map such that those systems and
criteria that are perceived to be very similar to each other are placed near each other on the
map, and those systems and criteria that are perceived to be very different from each other are
placed far away from each other on the map. In this way MDS provides a visual representation
of the pattern of proximities (i.e., similarities) among the set of production system and the set
of criteria employed in their assessment [36].

6.2. Results and discussion

Consumers were grouped into three clusters. The mean of the variables used in the analysis
is presented by the clusters in Table 1. There were statistically significant differences among
clusters on the variables age, education and employment. The mean age (40.85) is the lowest
in Cluster 1 and the highest (80.35) in Cluster 3. Education level is the highest (4.94) in Cluster
1 and lowest in cluster 3 (2.41). Employment status changes from employed in Cluster 1 (2.13)
to unemployed in Cluster 3 (2.97). Cluster 1 is labeled “Young professional”, while the cluster
2 and cluster 3 are labeled “Older-technician” and “Oldest-unemployed” respectively.

Variables
Clusters Kruskal Wallis Test

1 2 3 Chi-Square Asymp. Sig

Age 40.85 63.48 80.35 191.962 0.000

Education* 4.94 4.32 2.41 29.596 0.000

Employment** 2.13 2.52 2.97 69.077 0.000

* 1: Less than high school, 11: Professional/doctorate degree; ** 1: Part time, 2: Full time, 3: Unemployed

Table 1. Cluster analysis by age, education and employment

Table 2 displays the number of consumers by the clusters. The data show that 52.1 percent of
consumers are “young professional”, 33.5 percent are “older-technician”, while the “oldest-
unemployed” accounts for 14.4 percent.

In the AHP Model, consumers were asked to assess conventional, sustainable and organic
production systems, taking into account the ability of each to generate benefits related to
environmental conservation, food safety, food quality, wellness and community economic
development. The AHP model for assessing preferences for production systems in terms of
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these criteria is defined in Figure 3. The goal is to determine consumers’ preferences for food
produced under three production systems using the following criteria: environmental
conservation, food safety, food quality, wellness and community economic development.
These criteria are the perceived benefits generated by each system. In the AHP model illus‐
trated below, consumers are being asked to choose their preferred food production system
from among the alternatives: conventional, sustainable and organic production systems based
on environmental conservation, food safety, food quality, wellness and community economic
development criteria.

Table 2 displays the number of consumers by the clusters. The data show that 52.1 percent of 
consumers are “young professional”, 33.5 percent are “older-technician”, while the “oldest-
unemployed” accounts for 14.4 percent. 
 
Clusters Frequency Percent Cumulative Percent 
Young professionals 123 52.1 52.1
Older technician 79 33.5 85.6
Oldest-unemployed 34 14.4 100.0
Total 236 100.0
 Table 2. Consumer distribution by clusters 
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Figure 3. AHP model for consumer attitudes toward food production systems

Table 3 shows the results obtained by applying the AHP model. The last column in Table 3
indicates consumers’ average priority ratings for each criterion. The results indicate that
consumers accorded priority in the following order to food safety (0.281) followed by wellness

Clusters Frequency Percent Cumulative Percent

Young professionals 123 52.1 52.1

Older technician 79 33.5 85.6

Oldest-unemployed 34 14.4 100.0

Total 236 100.0

Table 2. Consumer distribution by clusters
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(0.275), food quality 0.209), environmental concerns (0.144) and community development
concerns (0.091). Consumers considered food safety and wellness to be more important
attributes or features of a food production system than other attributes such as food quality
and the capacity of the food system to contribute to community development or environmental
quality. In each row of Table 3, the preference scores for each type of production systems are
presented. The third column of Table 3 shows that organic agriculture is preferred, when
considered alone, based on its perceived capacity to generate benefits associated with wellness
(0.575), food quality (0.533), safety (0.530), environmental concerns (0.515) and community
development (0.514). The average preference rating of 0.544 shown in the last row of Table 3
indicates that consumers prefer the organic production system over the sustainable alternative
and conventional agriculture, which were assigned preference ratings of 0.274 and 0.182
respectively.

Criteria Conventional Sustainable Organic Preference

Environmental Concerns 0.203 0.282 0.515 0.144

Food Safety 0.186 0.284 0.530 0.281

Food Quality 0.195 0.272 0.533 0.209

Wellness 0.162 0.262 0.575 0.275

Community Development Concerns 0.209 0.278 0.514 0.091

Final Decision 0.182 0.274 0.544

1 Consumer preference scores are ranged between 0 and 1.The sum of each row, excluding the preference in the last
column, is equal to 1.00.

Table 3. Consumers’ attitudes toward food production systems by the criteria

Since consumers’ preferences for the production systems of food may be influenced by their
demographic traits and behaviors [37], demographic traits may be used, where heterogeneity
in consumers preferences exists, to segment consumers into groups based on their demo‐
graphic characteristics. Cluster analysis was employed using the variables: age, education and
employment status to identify discrete groups of consumers based on their preferences. The
results indicate that there are three distinct groups of consumers: young professionals, older-
technician and oldest-unemployed. The preference ratings each segment assigns to the three
production systems are shown in Table 4. These results show that there were no statistically
significant differences among the consumer segments in their preferences for the food
production systems. Table 5 indicates priorities each segment assigned to criteria used to assess
the food production systems; young professionals accorded a higher priority to community
development concerns than the other two groups.
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Figure 3. AHP model for consumer attitudes toward food production systems

Table 3 shows the results obtained by applying the AHP model. The last column in Table 3
indicates consumers’ average priority ratings for each criterion. The results indicate that
consumers accorded priority in the following order to food safety (0.281) followed by wellness

Clusters Frequency Percent Cumulative Percent

Young professionals 123 52.1 52.1

Older technician 79 33.5 85.6

Oldest-unemployed 34 14.4 100.0

Total 236 100.0

Table 2. Consumer distribution by clusters
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(0.275), food quality 0.209), environmental concerns (0.144) and community development
concerns (0.091). Consumers considered food safety and wellness to be more important
attributes or features of a food production system than other attributes such as food quality
and the capacity of the food system to contribute to community development or environmental
quality. In each row of Table 3, the preference scores for each type of production systems are
presented. The third column of Table 3 shows that organic agriculture is preferred, when
considered alone, based on its perceived capacity to generate benefits associated with wellness
(0.575), food quality (0.533), safety (0.530), environmental concerns (0.515) and community
development (0.514). The average preference rating of 0.544 shown in the last row of Table 3
indicates that consumers prefer the organic production system over the sustainable alternative
and conventional agriculture, which were assigned preference ratings of 0.274 and 0.182
respectively.

Criteria Conventional Sustainable Organic Preference

Environmental Concerns 0.203 0.282 0.515 0.144

Food Safety 0.186 0.284 0.530 0.281

Food Quality 0.195 0.272 0.533 0.209

Wellness 0.162 0.262 0.575 0.275

Community Development Concerns 0.209 0.278 0.514 0.091

Final Decision 0.182 0.274 0.544

1 Consumer preference scores are ranged between 0 and 1.The sum of each row, excluding the preference in the last
column, is equal to 1.00.

Table 3. Consumers’ attitudes toward food production systems by the criteria

Since consumers’ preferences for the production systems of food may be influenced by their
demographic traits and behaviors [37], demographic traits may be used, where heterogeneity
in consumers preferences exists, to segment consumers into groups based on their demo‐
graphic characteristics. Cluster analysis was employed using the variables: age, education and
employment status to identify discrete groups of consumers based on their preferences. The
results indicate that there are three distinct groups of consumers: young professionals, older-
technician and oldest-unemployed. The preference ratings each segment assigns to the three
production systems are shown in Table 4. These results show that there were no statistically
significant differences among the consumer segments in their preferences for the food
production systems. Table 5 indicates priorities each segment assigned to criteria used to assess
the food production systems; young professionals accorded a higher priority to community
development concerns than the other two groups.
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Production

Systems

Clusters Kruskal Wallis Test

Young

professionals

Older

technician

Oldest-

unemployed

Chi-Square Asymp. Sig

Conventional 0.170 0.188 0.211 1.287 0.526

Sustainable 0.274 0.284 0.253 2.264 0.322

Organic 0.556 0.528 0.536 1.242 0.537

Table 4. Consumer attitudes toward food production systems for each segment

Criteria

Clusters Kruskal Wallis Test

Young

professionals

Older

technician

Oldest-

unemployed

Chi-Square Asymp. Sig

Environmental Concerns 0.142 0.158 0.132 1.783 0.410

Food Safety 0.270 0.281 0.309 4.569 0.102

Food Quality 0.199 0.222 0.208 2.493 0.288

Wellness 0.292 0.261 0.277 1.135 0.567

Community Development Concerns 0.097 0.078 0.073 5.273 0.072

Table 5. Consumer attitudes toward the criteria generated by production systems for each segment

Figure 4 shows the consumers’ perceptual map derived from multidimensional scaling. The
map illustrates the pattern of proximities for food production systems and the criteria
consumers used to assign preference ratings. Kuskal’s stress value was used to measure
goodness-of-fit. The stress value is a number on a scale from 0 (perfect fit) to 100 (the map
captures nothing about the data). In general, researchers are looking for a stress value less than
20 [38]. In the MDS results, Kruskal’s stress value is 10 for this two dimensional model and
R2=0.97. Similar to factor analysis, there is a measure of difficulty in interpreting the conceptual
mapping of consumers’ perception. To overcome this difficulty, researchers rely on their
knowledge of the subject, existing theory and plausible rationale along with the weights
associated with the stimulus coordinates to make good sense of the derived stimulus config‐
uration [39]. The results indicate that consumers view organic production systems as quite
dissimilar to the other production systems. Additionally, organic production is perceived as
being associated with food safety and wellness, but not with environmental and community
development benefits. On the other hand, consumers perceive a sustainable system of
production to be associated with environmental and community development and food
quality. Consumers see conventional as being dissimilar to organic and sustainable production
systems and not associated with environment, community development, food quality, food
safety and wellness. Consequently, the y axis is labeled as environmental /community
development and the x axis as conventional production system. This means that moving from
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left to right along the x axis the production system becomes more conventional, and moving
along the y axis from top to bottom environmental sensitivity of the production system
decreases.
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6.3. Conclusion

Consumers accord the highest preference score to organic production, followed by sustainable
and conventional production systems respectively. Moreover, in according higher priority to
food safety and wellness, consumers appear to be more concerned with criteria that are more
tangible in terms of the consequence for consumers’ personal and immediate well-being. Since
our findings indicate that consumers don’t associate organic food production with benefits for
environmental and community development, there is a need to design education programs
that will convince consumers that there are socioeconomic and environmental benefits to be
derived from organic production. However, education programs without community institu‐
tional support are not likely to succeed. Community members must be engaged as co-creators
of initiatives that are intended to change attitudes and create awareness. We recall that
proactive and reflective community members live in the same information rich environment
as their leaders and those of us considered to be experts. Proactive and reflective citizens tend
to assign less significance to leaders and experts, they insist on participating in the decision
making process, they want to co-create programs that have implications for their livelihood.
As a result, a truly sustainable food system (organic) must become embodied, and an intimate
part of the lived experience of people and communities. After all, it is action that creates
destiny. So if a sustainable food system is to become a part of our future, it has to become a
way of life, and a pattern of living that is acted out as part of the everyday life story of
communities [4].
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left to right along the x axis the production system becomes more conventional, and moving
along the y axis from top to bottom environmental sensitivity of the production system
decreases.
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6.3. Conclusion

Consumers accord the highest preference score to organic production, followed by sustainable
and conventional production systems respectively. Moreover, in according higher priority to
food safety and wellness, consumers appear to be more concerned with criteria that are more
tangible in terms of the consequence for consumers’ personal and immediate well-being. Since
our findings indicate that consumers don’t associate organic food production with benefits for
environmental and community development, there is a need to design education programs
that will convince consumers that there are socioeconomic and environmental benefits to be
derived from organic production. However, education programs without community institu‐
tional support are not likely to succeed. Community members must be engaged as co-creators
of initiatives that are intended to change attitudes and create awareness. We recall that
proactive and reflective community members live in the same information rich environment
as their leaders and those of us considered to be experts. Proactive and reflective citizens tend
to assign less significance to leaders and experts, they insist on participating in the decision
making process, they want to co-create programs that have implications for their livelihood.
As a result, a truly sustainable food system (organic) must become embodied, and an intimate
part of the lived experience of people and communities. After all, it is action that creates
destiny. So if a sustainable food system is to become a part of our future, it has to become a
way of life, and a pattern of living that is acted out as part of the everyday life story of
communities [4].
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7. Measuring preferences for food attributes

7.1. Data and methodology

The sample was designed following the protocol described by [29]. The sample was drawn
proportionate to population size by county in Georgia, North Carolina and South Carolina.
After specifying the sampling frame parameters, the required sample was purchased from
Survey Sampling Inc. Researchers designed and formatted a Fuzzy Pair-wise Comparison
(FPC) questionnaire to be compatible with the data collection protocol of Survey Monkey, and
trained enumerators to use the questionnaire to collect the data. Enumerators asked consumers
to make pair-wise comparisons of five food attributes: nutritional value, hygiene, taste,
affordable price and freshness, in order to determine their preference for one attribute over
the other. The selected attributes are consistent with the studies which have been done in the
U.S. [30]. Data were collected from a random sample of 412 respondents.

In this study, FPC was used to derive a measure of an individual consumer's preferences for
fresh fruit and vegetable attributes. The main reasons for using FPC are: 1) The FPC is similar
to traditional pair-wise comparisons. Consumers are asked to compare the attributes one pair
at a time. However, unlike the traditional pair-wise method, consumers are not forced to make
a binary choice between two attributes. Consumers are permitted to indicate the degree of
preference for one attribute over another, and response indicating indifference between
attributes is permitted. 2) Unlike the other methods, the scale values are based on the respon‐
dent's entire set of paired comparisons. 3) FPC more accurately represents the natural range
of response patterns that are possible. The consumer’s fuzzy preference matrix R with elements
can be constructed as follows [40]:
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In the FPC method, a measure of preference, μ can be calculated for each attribute by using
the consumer’s preference matrix R. The intensity of each preference is measured separately
using the following equation:
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where μj has a range in the closed interval [0,1]. A larger value for μj indicates greater intensity
of preference for attribute j. Consequently, fresh fruit and vegetable attributes are ranked from
most to least preferable by evaluating the μ values. Then, Friedman and Kendall’s W tests were
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used to evaluate the relative importance of attributes and the extent of agreement among
consumers with respect to two or more rankings. In identifying consumer preferences,
researchers ranked the importance of the attributes following [37].

Cluster analysis was used to separate consumers into groups using the variables: age, educa‐
tion and employment status. Cluster analysis is a technique used for combining observations
or objects (answer, person, opinion, etc.) into groups or clusters. The aim of cluster analysis is
to classify observations into relatively homogeneous groups called clusters such that each
cluster is as homogeneous as possible with respect to the clustering variables [35-36]. The
Kolmogorov-Smirnov normality test was used to check whether the clustering variables
showed normal distribution, and then the Kruskal Wallis test was used to compare different
groups of clusters.

Multidimensional Scaling (MDS) was used to obtain a perceptual mapping of consumers’
preferences for fresh fruit and vegetable attributes. Given a matrix of perceived similarities
between attributes of fresh fruit and vegetables, MDS plots the attributes on a map such that
those attributes that are perceived to be very similar to each other are placed near each other
on the map, and those attributes that are perceived to be very different from each other are
placed far away from each other on the map.

7.2. Results and discussion

In this study, consumers were grouped into three clusters. The mean of the variables used in
the analysis is presented by clusters in Table 6. There were statistically significant differences
among clusters on the variables; age, education and employment of consumers in the sample.
The mean age (37.19) is the lowest in Cluster 1 and the highest (77.54) in Cluster 3. Education
level is the highest (5.63) in Cluster 1, whereas Cluster 3 has the lowest level (3.87). Employment
status changes from employed in Cluster 1 (2.06) to unemployed in Cluster 3 (2.89). Therefore,
cluster 1 is labeled “Young professional”, while the cluster 2 and cluster 3 are labeled “older-
employed” and “oldest-unemployed”, respectively.

Variables
Clusters Kruskal Wallis Test

1 2 3 Chi-Square Asymp. Sig

Age 37.19 58.15 77.54 339.960 0.000

Education+ 5.63 4.57 3.87 24.101 0.000

Employment++ 2.06 2.33 2.89 92.656 0.000

+1: Less than high school, 11: Professional/doctorate degree;++1: Part time, 2: Full time, 3: Unemployed

Table 6. Cluster analysis by age, education and employment
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Table 7 indicates the number of consumers by clusters. The data show that 47.7 percent of
consumers are “older-employed worker”, whereas 34.8 percent are “young professional”,
while 17.5 percent represent “oldest-unemployed”.

Clusters Frequency Percent Cumulative Percent

Young professional 141 34.8 34.8

Older-employed worker 193 47.7 82.5

Oldest-unemployed 71 17.5 100.0

Total 405 100.0

Table 7. Consumer distribution by clusters

Descriptive statistics for consumers’ pair-wise comparisons of the attributes of fresh fruit and
vegetables obtained from the FPC model are presented in Table 8. The fresh fruit and vegetable
attributes are ranked from most to least preferable using the reported degree of the consumers’
preferences. The results show that the fresh fruit and vegetable attribute most preferred by
consumers is freshness with a preference rating of 0.579. Gao, et al. [37] reported a similar
pattern of preference in their study on consumer preferences for fresh citrus. Consumers prefer
the other food attributes in the following order: taste (0.452), hygiene (0.449), nutritional value
(0.428) and affordable price (0.411). In this sample, consumers seem to value freshness, taste
and hygiene over price and nutritional value. The Friedman test was used to see if there was
a difference in the rankings of the fresh fruit and vegetable attributes.

Attributes Mean
Standard

deviation
Minimum Maximum

Nutrition Value 0.428 0.122 0.024 0.929

Hygiene 0.449 0.142 0.049 1.000

Taste 0.452 0.128 0.049 0.868

Affordable Price 0.411 0.154 0.000 0.735

Freshness 0.579 0.159 0.150 1.000

Significant by Friedman test for p<0.01; Kendall’s W=0.11

Table 8. Descriptive statistics of consumer preferences towards fresh fruits and vegetable attributes

The Friedman test, which is significant (χ2=177.71; p<0.01), confirms that some attributes are
preferred over the others. Kendall’s W test was used to measure the degree of agreement
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among consumers. The value of Kendall’s W is 0.11, which indicates that the level of agreement
among consumers in ranking the attributes is very low. A low level of agreement among
consumers is an indication of the heterogeneity of consumers’ preferences for the attributes of
fresh fruits and vegetables.

Since consumers’ preferences for the attributes of fruits and vegetables may be influenced by
their demographic traits and behaviors [37], demographic traits may be used, where hetero‐
geneity in consumers preferences exists, to segment consumers into groups based on their
demographic characteristics. The present study employed cluster analysis using the variables:
age, education and employment status to identify discrete groups of consumers based on their
preferences. The results indicate that there are three distinct groups of consumers: young
professionals, older-employed worker and oldest-unemployed. The results also showed that
there was a statistically significant difference among the groups in their preferences for the
freshness attribute of fruits and vegetables. Young professionals accorded a higher priority to
freshness than the other two groups (Table 9).

Variables

Clusters Kruskal Wallis Test

Young

professional

Older

worker

Oldest-

unemployed

Chi-Square Asymp. Sig

Nutrition Value 0.414 0.434 0.440 2.980 0.225

Hygiene 0.449 0.449 0.452 0.104 0.949

Taste 0.440 0.456 0.473 1.860 0.395

Affordable Price 0.395 0.413 0.436 1.909 0.385

Freshness 0.598 0.579 0.547 6.027 0.049

Table 9. Consumer preferences for fresh fruits and vegetable attributes by clusters

Figure 5 shows consumers’ perceptual map with attribute positioning derived from multidi‐
mensional scaling (MDS) analysis of consumers’ preferences for the attributes of fresh fruits
and vegetables. In the MDS results, Kruskal’s STRESS measure is 0.03863. A satisfactory
measure should be less than 0.05 for a two dimensional model [39]. R2=0.99404 shows that the
model’s goodness-of-fit is perfect. The analysis indicates that consumers perceive freshness as
a distinct food attribute, which is quite separate from taste, hygiene, nutritional value and
affordable price. On the other hand, consumers do not seem to perceive hygiene and nutritional
value as distinct attributes, that is, consumers tend to accord the same level of priority to
hygiene and nutritional value. Similarly, consumers tend to accord the same level of priority
to taste and price.
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(0.428) and affordable price (0.411). In this sample, consumers seem to value freshness, taste
and hygiene over price and nutritional value. The Friedman test was used to see if there was
a difference in the rankings of the fresh fruit and vegetable attributes.

Attributes Mean
Standard

deviation
Minimum Maximum

Nutrition Value 0.428 0.122 0.024 0.929

Hygiene 0.449 0.142 0.049 1.000

Taste 0.452 0.128 0.049 0.868

Affordable Price 0.411 0.154 0.000 0.735

Freshness 0.579 0.159 0.150 1.000

Significant by Friedman test for p<0.01; Kendall’s W=0.11

Table 8. Descriptive statistics of consumer preferences towards fresh fruits and vegetable attributes

The Friedman test, which is significant (χ2=177.71; p<0.01), confirms that some attributes are
preferred over the others. Kendall’s W test was used to measure the degree of agreement
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among consumers. The value of Kendall’s W is 0.11, which indicates that the level of agreement
among consumers in ranking the attributes is very low. A low level of agreement among
consumers is an indication of the heterogeneity of consumers’ preferences for the attributes of
fresh fruits and vegetables.

Since consumers’ preferences for the attributes of fruits and vegetables may be influenced by
their demographic traits and behaviors [37], demographic traits may be used, where hetero‐
geneity in consumers preferences exists, to segment consumers into groups based on their
demographic characteristics. The present study employed cluster analysis using the variables:
age, education and employment status to identify discrete groups of consumers based on their
preferences. The results indicate that there are three distinct groups of consumers: young
professionals, older-employed worker and oldest-unemployed. The results also showed that
there was a statistically significant difference among the groups in their preferences for the
freshness attribute of fruits and vegetables. Young professionals accorded a higher priority to
freshness than the other two groups (Table 9).

Variables

Clusters Kruskal Wallis Test

Young

professional

Older

worker

Oldest-

unemployed

Chi-Square Asymp. Sig

Nutrition Value 0.414 0.434 0.440 2.980 0.225

Hygiene 0.449 0.449 0.452 0.104 0.949

Taste 0.440 0.456 0.473 1.860 0.395

Affordable Price 0.395 0.413 0.436 1.909 0.385

Freshness 0.598 0.579 0.547 6.027 0.049

Table 9. Consumer preferences for fresh fruits and vegetable attributes by clusters

Figure 5 shows consumers’ perceptual map with attribute positioning derived from multidi‐
mensional scaling (MDS) analysis of consumers’ preferences for the attributes of fresh fruits
and vegetables. In the MDS results, Kruskal’s STRESS measure is 0.03863. A satisfactory
measure should be less than 0.05 for a two dimensional model [39]. R2=0.99404 shows that the
model’s goodness-of-fit is perfect. The analysis indicates that consumers perceive freshness as
a distinct food attribute, which is quite separate from taste, hygiene, nutritional value and
affordable price. On the other hand, consumers do not seem to perceive hygiene and nutritional
value as distinct attributes, that is, consumers tend to accord the same level of priority to
hygiene and nutritional value. Similarly, consumers tend to accord the same level of priority
to taste and price.
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7.3. Conclusions

Consumers in making purchasing decisions pay more attention to freshness, taste and hygiene
attributes of fresh fruits and vegetables than they do price and nutritional value, when these
attributes are considered individually. However, multidimensional scaling shows that
consumers tend to associate taste and price when making purchasing decisions, which may
explain consumers’ love for inexpensive tasty fast food, especially in the case of low income
consumers. These results indicate that consumers may not be using all the information
available in selecting which food to purchase based on the preference ratings. Therefore, the
need exists to educate consumers on the connection among the food attributes and their
relevance to healthy eating habits and a healthier lifestyle, particularly the nutritional value
attribute. Knowledge about the subgroups of consumers – young professionals, older-
employed and oldest-unemployed –provides a basis for farmers, especially farmers supplying
urban and suburban farmers’ markets, to tailor their products based on the needs of these
groups of consumers, a strategy known as market segmentation. For example, the results
indicate that the priority or preference of young professionals is for freshness. Extension should
use this information to assist farmers to select and display their produce to promote freshness
in order to sell more to the higher income young professionals. In summary, these results
present extension with an opportunity to (1) assist farmers in marketing their produce in order
to meet the needs of specific groups of consumers and (2) in developing a holistic education
program, that teaches consumers to use information available on all the attributes: price, taste,
hygiene and nutritional value in making purchasing decisions.

In sum, studies have shown that organic farming delivers more environmental benefits, in
particular, it delivers more ecosystem services than conventional agriculture [41]. Addition‐
ally, contingent on the crop, soil and weather conditions, yield from organic agriculture is
equal to that from conventional systems [42]. In the context of a sustainable food production
system, organic agriculture goes further in meeting the condition of ecological feasibility (Fig
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1), and the evidence seems to indicate that, with further advances in the development of
organic technologies, it will become economically feasible. In terms of the third condition to
be met-being socially acceptable-in striving for overall sustainability (Fig 1), evidence from
our work shows that consumers prefer organic production systems over the alternative
systems. Thus far, the future of organic production systems seems promising, but further
research is needed to advance the development of organic technologies, disseminate these
technologies, increase supply to reduce cost and make organic products affordable to a wider
range of consumers, formulate supporting policies, and educate consumers on the value of
organic food production systems in contributing to a sustainable food production system.
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1. Introduction

Food and nutritional security remain an issue of global concern especially in developing
countries. The practice of organic agriculture has been identified as a pathway to sustainable
development and enhancing food security. Arguably, the most sustainable choice for agricul‐
tural development and food security is to increase total farm productivity in situ, in developing
countries particularly sub-Saharan Africa. Attention must focus on the following: (i) the extent
to which farmers can improve food production and raise incomes with low-cost, locally-
available technologies and inputs (this is particularly important at times of very high fuel and
agro-chemical prices); (ii) whether they can do this without causing further environmental
damage; and (iii) the extent of farmers’ ability to access markets [1]. Organic farming is one of
the sustainable approaches to farming that can contribute to food and nutritional security [2].
Driven by increasing demand globally, organic agriculture has grown rapidly in the past
decade [3]. Policy makers at the primary end of the food chains must wrestle with the dual
objective of reducing poverty and increasing the flow of ecosystem services from rural areas
occupied by small scale farmers and/or family farms [4].

Expectedly, a paradigm shift towards this realization of organic agriculture’s role in food and
nutritional security is emerging [5]. The United Nations Environmental Programme-United
Nations Conference on Trade and Development, UNEP-UNCTAD [6] indicates that organic
agriculture offers developing countries a wide range of economic, environmental, social and
cultural benefits. On the development side, organic production is particularly well-suited for
smallholder farmers, who make up the majority of the worlds’ poor. Resource poor farmers
are less dependent on external resources, experience higher yields on their farms and enjoy
enhanced food security [7]. Organic agriculture in developing countries builds on and keeps
alive their rich heritage of traditional knowledge and traditional land races. It has been
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Food and nutritional security remain an issue of global concern especially in developing
countries. The practice of organic agriculture has been identified as a pathway to sustainable
development and enhancing food security. Arguably, the most sustainable choice for agricul‐
tural development and food security is to increase total farm productivity in situ, in developing
countries particularly sub-Saharan Africa. Attention must focus on the following: (i) the extent
to which farmers can improve food production and raise incomes with low-cost, locally-
available technologies and inputs (this is particularly important at times of very high fuel and
agro-chemical prices); (ii) whether they can do this without causing further environmental
damage; and (iii) the extent of farmers’ ability to access markets [1]. Organic farming is one of
the sustainable approaches to farming that can contribute to food and nutritional security [2].
Driven by increasing demand globally, organic agriculture has grown rapidly in the past
decade [3]. Policy makers at the primary end of the food chains must wrestle with the dual
objective of reducing poverty and increasing the flow of ecosystem services from rural areas
occupied by small scale farmers and/or family farms [4].

Expectedly, a paradigm shift towards this realization of organic agriculture’s role in food and
nutritional security is emerging [5]. The United Nations Environmental Programme-United
Nations Conference on Trade and Development, UNEP-UNCTAD [6] indicates that organic
agriculture offers developing countries a wide range of economic, environmental, social and
cultural benefits. On the development side, organic production is particularly well-suited for
smallholder farmers, who make up the majority of the worlds’ poor. Resource poor farmers
are less dependent on external resources, experience higher yields on their farms and enjoy
enhanced food security [7]. Organic agriculture in developing countries builds on and keeps
alive their rich heritage of traditional knowledge and traditional land races. It has been
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observed to strengthen communities and give youth incentive to keep farming, thus reducing
rural-urban migration. Farmers and their families and employees are no longer exposed to
hazardous agro-chemicals, which is one of the leading causes of occupational injury and death
in the world [7].

As organic production increases, so does the interest in organic market dynamics and studies
are being carried out in order to analyse the future potential for organic agriculture. Figure 1
shows the global markets for certified organic products. In 2009, the global market for certified
organic food and drink was estimated to be 54. 9 billion US dollars [8]. This represents a 37%
growth from 2006 sales estimated at 40. 2billionUS dollars and a 207% increase from year 2000
sales estimated at17. 9 billion US dollars. In Africa, most of the organic farms are small family
smallholdings [9] and certified organic production is mostly geared to products destined for
export beyond Africa’s shores. However, local markets for certified organic products are
growing, especially in Egypt, South Africa, Uganda and Kenya [10]. Figure2 shows the ten
countries in Africa with the largest proportion of land allocated to organic agriculture. South
Africa has the third largest area under organic farming with 50, 000 hectares (ha), trailing
Tunisia which has the largest area of 154, 793ha and Uganda with 88, 439ha [11]. Approxi‐
mately 20% of the total area under certified organic farming in Africa is in South Africa, with
250 certified commercial farms [12]. With a few exceptions, notably Uganda, most African
countries do not have data collection systems for organic farming and certified organic farming
is relatively underdeveloped, even in comparison to other low-income continents. Some expert
opinions suggest that this is due to lack of awareness, low-income levels, lack of local organic
standards and other infrastructure for local market certification [13].
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2. Organic agriculture in South Africa

In 1999, only 35 farms were certified in South Africa, whereas in 2000 this number had increased
to approximately 150 [15]. GROLINK [16] estimates that 240 farms with a total area of 43 620
ha (including pastures and in-conversion land) were certified in 2002. Certified organic
produce in South Africa started with mangoes, avocadoes, herbs, spices, rooibos tea and
vegetables [17]. This has now expanded to include a much wider range of products. Organic
wines, olive oil and dairy products are now being produced [18]. The Organic Agricultural
Association of South Africa (OAASA) estimates that there are approximately 100 non-certified
farmers, farming about 1000hectares, following organic principles, who market informally
through local villages or farmers markets (ibid). In the latter case, no differentiation is made
between organic and non-organic produce.

South Africa has had an organic farming movement dating back many years, although it has
grown in “fits and starts” [19]. Organic approaches have to make a trade off between market
oriented commercial production and increasing the productive capacity of marginalized
communities [20]. The growth of the organic industry has resulted in organic farming being
practised in the Western Cape, KwaZulu-Natal, Eastern Cape, Northern Cape and Gauteng
Province (Table 1). As discussed by [21] and [22] changing consumer preferences towards more
health and environmental awareness has led to an increase in the demand for products
produced using sustainable production methods. GROLINK [16] states that South Africa has
in contrast with other Sub-Saharan countries, a substantial domestic market for organic
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2. Organic agriculture in South Africa

In 1999, only 35 farms were certified in South Africa, whereas in 2000 this number had increased
to approximately 150 [15]. GROLINK [16] estimates that 240 farms with a total area of 43 620
ha (including pastures and in-conversion land) were certified in 2002. Certified organic
produce in South Africa started with mangoes, avocadoes, herbs, spices, rooibos tea and
vegetables [17]. This has now expanded to include a much wider range of products. Organic
wines, olive oil and dairy products are now being produced [18]. The Organic Agricultural
Association of South Africa (OAASA) estimates that there are approximately 100 non-certified
farmers, farming about 1000hectares, following organic principles, who market informally
through local villages or farmers markets (ibid). In the latter case, no differentiation is made
between organic and non-organic produce.

South Africa has had an organic farming movement dating back many years, although it has
grown in “fits and starts” [19]. Organic approaches have to make a trade off between market
oriented commercial production and increasing the productive capacity of marginalized
communities [20]. The growth of the organic industry has resulted in organic farming being
practised in the Western Cape, KwaZulu-Natal, Eastern Cape, Northern Cape and Gauteng
Province (Table 1). As discussed by [21] and [22] changing consumer preferences towards more
health and environmental awareness has led to an increase in the demand for products
produced using sustainable production methods. GROLINK [16] states that South Africa has
in contrast with other Sub-Saharan countries, a substantial domestic market for organic
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products. This is an indication that the potential for organic farming in South Africa is not only
based on access to the export market in Europe and the USA but also on the local demand. The
domestic market is robust with two domestic retailers (Woolworth and Pick ‘n’ Pay) selling
reasonable amounts of organic produce and both are now starting to insist on certification for
this produce as well as farmers markets attracting large number of buyers.

One approach taken to improve smallholder access to organic markets has been the formation
of certified organic groups using guidelines developed by the International Federation of
Organic Agriculture Movement (IFOAM) and enforced by certification agencies such as
Ecocert/AFRISCO (African Farmers Certified Organic) in the case of South Africa [23]. Under
the group certification system, organic farmers can either grow and market their produce
collectively or produce individually but market collectively. This ensures that smallholder
farmers especially in developing countries are not marginalised and unduly excluded from
the organic sector due to factors beyond their control. Several organic farming groups have
emerged in South Africa in the last decade notably Ezemvelo Farmers Organization (EFO),
Vukuzakhe Organic Farmers Organization (VOFO), Ikusasalethu Trust and Makhuluseni
Organic Farmers Organisation.

The question of how to face the growing problem of food insecurity in Africa becomes more
and more important, especially due to the steadily increasing world population and the
changing consumption pattern. According to [24], while organically produced food seems not
to be able to feed the World’s Population, there are strong evidences that organic agriculture
might help to alleviate the number of people suffering from hunger especially in developing
countries. Given the strong negative externalities of conventional agriculture, the diversifica‐
tion of production as a basic principal of organic agriculture can contribute to the improvement
of food security [25] which may improve the nutritional level in rural communities. The
expanding global market for organic products [26, 27] and the possibilities for smallholder
farmers in developing countries to access markets [24] can have very positive effects on the
rural economies, triggering rural development. The increasing awareness of what people
consume also has positive effects on organic agriculture as an alternative option for agricultural
production. Organic agriculture may thus be an option in some areas to strongly support rural
development.

Against this background, the objective of this paper is to provide, through an exploratory
analysis of data from farm and households surveys, empirical insights into determinants of
organic farming adoption, differentiating between fully-certified organic, partially-certified
organic and non-organic farmers; eliciting farmers risk preferences and management strategies
and; exploring consumer awareness, perceptions and consumption decisions. By exploring a
combination of adoption relevant factors in the context of real and important land management
choices, the paper provides an empirical contribution to the adoption literature and provides
valuable pointers for the design of effective and efficient public policy for on-farm conservation
activities. Similarly, achieving awareness and understanding the linkage between awareness
and purchasing organics is fundamental to impacting the demand for organically grown
products. Consumer awareness of organic foods is the first step in developing demand for
organic. Section 3 describes the materials and methods, outlining the study areas and study
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methodology. Section 4 presents the results and discussion. Finally, section5 provides
concluding remarks.

3. Materials and methods

The study was carried out in the two provinces of KwaZulu-Natal and the Eastern Cape
Provinces in South Africa (Figure 3). The selected study areas are in the rural Umbumbulu
Magisterial District in KwaZulu-Natal Province and the OR Tambo and Amatole District
Municipalities in the Eastern Cape Province.
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products. This is an indication that the potential for organic farming in South Africa is not only
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Against this background, the objective of this paper is to provide, through an exploratory
analysis of data from farm and households surveys, empirical insights into determinants of
organic farming adoption, differentiating between fully-certified organic, partially-certified
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The Umbumbulu area is one of the former homelands of KwaZulu-Natal Province. The
Province has the largest concentration of people who are relatively poor, and social indicators
point to below average levels of social development. According to the mid-year population
estimates by Statistics South Africa [28], the Province has a population of 10. 6 Million people
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households within the district have income levels that range between R0 and R6, 000. The
District Municipality has the second highest population of all the districts with more than 1,
504, 411 inhabitants [29]. For a mostly rural district it also has a high population density of 90
people per square kilometre. The Amatole District Municipality is named after the legendary
Amatole Mountains and is the most diverse District Municipality in the Province. Two-thirds
of the District is made up of ex-homeland areas. The District has a moderate Human Devel‐
opment Index of 0. 52 with over 1, 635, 433 inhabitants [30], and a moderately high population
density of 78 people per square kilometre. The population is mainly African with some whites
and coloureds. Amatole District Municipality has the second highest economy in the province.

The Eastern Cape Province is bordering KwaZulu-Natal with similarities in the socio-economic
status and rurality of the two Provinces. Both Provinces’ economic dependence is on agricul‐
ture with huge potential for organic agriculture development. The Eastern Cape is also a major
consumer of produce from KwaZulu-Natal. A total of 400 respondents were interviewed,
representing 200 farmer respondents from KwaZulu-Natal and 200 consumer respondents
from Eastern Cape Provinces. The survey farmers in Umbumbulu District, KwaZulu-Natal
were stratified into three groups: fully-certified organic farmers, partially-certified organic
farmers and non-organic farmers. While the 48 fully-certified farmers and 103 partially-
certified farmers were purposively selected, the sample of 49 non-organic farmers was
randomly selected within the same region from a sample frame constructed from each of the
five neighbouring wards. The survey was conducted by a team of trained enumerators from
the study area. These enumerators had to be fluent in both English and Zulu. A questionnaire
was used to record all household activities (farm and non-farm), enterprise types, crop areas
and production levels, inputs, expenditures and sales for the past season. The questionnaires
also captured socio-economic and institution data such as household characteristics, land size
and tenure arrangements, farm characteristics and investment in assets. Other questions
related to farmers’ management capacity and demographic characteristics such as the supply
of on-farm family labour and education status.

The farmers’ risk attitude was elicited using the experimental gambling approach as outlined
by [31]. Here, the study farmers were presented with a series of choices among sets of
alternative prospects (gambles) that do not involve real money payments. Respondents were
required to make a simple choice among eight gambles whose outcomes were determined by
a flip of a coin. The experimental approach remedies some of the more serious measurement
flaws of the direct elicitation utility (DEU) interview method reporting that evidence on risk
aversion using direct elicitation utility through pure interviews is unreliable, nonreplicable
and misleading even if one is interested only in a distribution of risk aversion rather than
reliable individual measurements [31, 32]. The farmers were further asked in the field survey
to give their perceptions of the main sources of risk that affect their farming activity by ranking
a set of 20 potential sources of risk on like rt-type scales ranging from 1 (no problem) to 3
(severe problem). These sources of risk were developed from findings of the research survey
and from past research on the sources of risk in agriculture, challenges that smallholder farmers
face in trying to access formal supply chains. The farmers were also requested to score any
other sources of risk(s) that they wanted to add to the list of hypothesized sources of risk. These
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sources of risk are ranked from 1 (being the most important source of risk) to 20(being the least
important source of risk ones). The ranking was done by averaging the scores on each source
of risk and assigning a rank accordingly.

The study area in the Eastern Cape was stratified into the OR Tambo District Municipality and
the Amatole District Municipality representing a broad spectrum of consumers across the
Province. The stratified study areas were further clustered into rural, peri-urban and urban
areas. The respondents were selected by simple random sampling to avoid bias. A total of 100
consumers were selected from OR Tambo District Municipality and represented by a selection
of 30 respondents from peri-urban location, 40 respondents from urban suburbs and 30
respondents from rural areas. In the Amatole District Municipality, 100 consumers selected
and interviewed included 30 respondents from rural Cata, 40 urban respondents from the East
London Suburbs and lastly 30 respondents drawn from the peri urban area of Kwezana and
Tsathu villages. A structured questionnaire was used that covered the respondent’s socio-
economic and demographic background, consumer knowledge and awareness of organic
products, perceptions, attitudes as well as consumption decisions.

The ordered probit model was used to identify the determinants of farmers’ decision to
participate in organic farming. The dependent variable is the farmer’s organic farming status
and was placed in three ordered categories in the survey. The model is estimated as:
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The organic farming status is modelled using the ordered probit model with the model
outcomes:

Si=3 (fully-certified organic),

Si=2 (partially-certified organic farming) and

Si=1 (non-organic farmers).

The farmer’s decision on their organic farming status is unobserved and is denoted by the
latent variable si

*. The latent equation below models how si
* varies with personal characteristics

and is represented as:

*
i i is Xa e¢= + (2)

Where:

• the latent variable si
*measures the difference in utility derived by individual i from either

being fully-certified organic, partially-certified organic or non-organic.

• (i=1, 2, 3……………. n) n represents the total number of respondents. Each individual i
belongs to one of the three groups.
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households within the district have income levels that range between R0 and R6, 000. The
District Municipality has the second highest population of all the districts with more than 1,
504, 411 inhabitants [29]. For a mostly rural district it also has a high population density of 90
people per square kilometre. The Amatole District Municipality is named after the legendary
Amatole Mountains and is the most diverse District Municipality in the Province. Two-thirds
of the District is made up of ex-homeland areas. The District has a moderate Human Devel‐
opment Index of 0. 52 with over 1, 635, 433 inhabitants [30], and a moderately high population
density of 78 people per square kilometre. The population is mainly African with some whites
and coloureds. Amatole District Municipality has the second highest economy in the province.

The Eastern Cape Province is bordering KwaZulu-Natal with similarities in the socio-economic
status and rurality of the two Provinces. Both Provinces’ economic dependence is on agricul‐
ture with huge potential for organic agriculture development. The Eastern Cape is also a major
consumer of produce from KwaZulu-Natal. A total of 400 respondents were interviewed,
representing 200 farmer respondents from KwaZulu-Natal and 200 consumer respondents
from Eastern Cape Provinces. The survey farmers in Umbumbulu District, KwaZulu-Natal
were stratified into three groups: fully-certified organic farmers, partially-certified organic
farmers and non-organic farmers. While the 48 fully-certified farmers and 103 partially-
certified farmers were purposively selected, the sample of 49 non-organic farmers was
randomly selected within the same region from a sample frame constructed from each of the
five neighbouring wards. The survey was conducted by a team of trained enumerators from
the study area. These enumerators had to be fluent in both English and Zulu. A questionnaire
was used to record all household activities (farm and non-farm), enterprise types, crop areas
and production levels, inputs, expenditures and sales for the past season. The questionnaires
also captured socio-economic and institution data such as household characteristics, land size
and tenure arrangements, farm characteristics and investment in assets. Other questions
related to farmers’ management capacity and demographic characteristics such as the supply
of on-farm family labour and education status.

The farmers’ risk attitude was elicited using the experimental gambling approach as outlined
by [31]. Here, the study farmers were presented with a series of choices among sets of
alternative prospects (gambles) that do not involve real money payments. Respondents were
required to make a simple choice among eight gambles whose outcomes were determined by
a flip of a coin. The experimental approach remedies some of the more serious measurement
flaws of the direct elicitation utility (DEU) interview method reporting that evidence on risk
aversion using direct elicitation utility through pure interviews is unreliable, nonreplicable
and misleading even if one is interested only in a distribution of risk aversion rather than
reliable individual measurements [31, 32]. The farmers were further asked in the field survey
to give their perceptions of the main sources of risk that affect their farming activity by ranking
a set of 20 potential sources of risk on like rt-type scales ranging from 1 (no problem) to 3
(severe problem). These sources of risk were developed from findings of the research survey
and from past research on the sources of risk in agriculture, challenges that smallholder farmers
face in trying to access formal supply chains. The farmers were also requested to score any
other sources of risk(s) that they wanted to add to the list of hypothesized sources of risk. These
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sources of risk are ranked from 1 (being the most important source of risk) to 20(being the least
important source of risk ones). The ranking was done by averaging the scores on each source
of risk and assigning a rank accordingly.

The study area in the Eastern Cape was stratified into the OR Tambo District Municipality and
the Amatole District Municipality representing a broad spectrum of consumers across the
Province. The stratified study areas were further clustered into rural, peri-urban and urban
areas. The respondents were selected by simple random sampling to avoid bias. A total of 100
consumers were selected from OR Tambo District Municipality and represented by a selection
of 30 respondents from peri-urban location, 40 respondents from urban suburbs and 30
respondents from rural areas. In the Amatole District Municipality, 100 consumers selected
and interviewed included 30 respondents from rural Cata, 40 urban respondents from the East
London Suburbs and lastly 30 respondents drawn from the peri urban area of Kwezana and
Tsathu villages. A structured questionnaire was used that covered the respondent’s socio-
economic and demographic background, consumer knowledge and awareness of organic
products, perceptions, attitudes as well as consumption decisions.

The ordered probit model was used to identify the determinants of farmers’ decision to
participate in organic farming. The dependent variable is the farmer’s organic farming status
and was placed in three ordered categories in the survey. The model is estimated as:
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• Xi is a vector of exogenous variables,

• αis a conformable parameter vector, and

• the error term εi is independent and identically distributed as standard normal, that is
εi~NID (0, 1).

The observed variable (Si) relates to the latent variable (si
*) such that
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Taking the value of 3 if the individual was fully-certified organic and 1 if the individual was
non-organic. The implied probabilities are obtained as:
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Where γ is the unknown parameter that is estimated jointly with α. Estimation is based upon
the maximum likelihood where the above probabilities enter the likelihood function. The
interpretation of the α coefficients is in terms of the underlying latent variable model in
equation 11.

The probability of the farmer being fully-certified organic can be written as

1 1  ,( ) ( )i iPr S Xa¢= = F (5)

Where Φ( ) is the cumulative distribution function (cdf) of the standard normal [33].

A measure of goodness of fit can be obtained by calculating

2  1  /  b olnL lnLr = - é ùë û (6)

Where lnLb is the log likelihood at convergence and lnLo is the log likelihood computed at zero.
This measure is bounded by zero and one. If all model coefficients are zero, then the measure
is zero. Although ρ2 cannot equal one, a value close to one indicates a very good fit. As the
model fit improves, ρ2 increases. However the ρ2 values between zero and one do not have a
natural interpretation [34]. Another similar informal goodness of fit measure that corrects for
the number of parameters estimated is
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2   1   ./b obar lnL K lnLr = - é ùë û (7)

Where K is the number of parameter estimates in the model (degrees of freedom)

For the experimental gambling approach, the utility function with Constant Partial Risk
Aversion (CPRA) is used to get a unique measure of partial risk aversion coefficient for each
game level. This depicted as the equation below:

( ) ( )1 1 .SU S c -= - (8)

Where

S=coefficient of risk aversion, and

c=certainty equivalent of a prospect.

The Herfindahl Index (DHI) is used to calculate enterprise diversification and represent the
specialization variable. Although, this index is mainly used in the marketing industry to
analyze market concentration, it has also been used to represent crop diversification [35, 36].
Herfindhal index (DHI) is the sum of square of the proportion of individual activities in a
portfolio. With an increase in diversification, the sum of square of the proportion of activities
decreases, so also the indices. In this way, it is an inverse measure of diversification, since the
Herfindhal index decreases with an increase in diversification. The Herfindhal index is bound
by zero (complete diversification) to one (complete specialization).
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Where

N=number of enterprises and
si=value share of each i-th farm enterprise in the farm’s output. si=

xi
∑
1

xi
is the proportion of

the i-th activity in acreage / income.

4. Results and discussions

4.1. Determinants of adoption of organic farming

The summary statistics in Table 1 show that the average age of the farmers was over 50 years
with younger people migrating to urban centres in search of better jobs. In the study area, most
of the men are engaged in wage employment at the neighbouring sugarcane farms or as
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Where γ is the unknown parameter that is estimated jointly with α. Estimation is based upon
the maximum likelihood where the above probabilities enter the likelihood function. The
interpretation of the α coefficients is in terms of the underlying latent variable model in
equation 11.

The probability of the farmer being fully-certified organic can be written as
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Where Φ( ) is the cumulative distribution function (cdf) of the standard normal [33].

A measure of goodness of fit can be obtained by calculating
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Where lnLb is the log likelihood at convergence and lnLo is the log likelihood computed at zero.
This measure is bounded by zero and one. If all model coefficients are zero, then the measure
is zero. Although ρ2 cannot equal one, a value close to one indicates a very good fit. As the
model fit improves, ρ2 increases. However the ρ2 values between zero and one do not have a
natural interpretation [34]. Another similar informal goodness of fit measure that corrects for
the number of parameters estimated is
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Where K is the number of parameter estimates in the model (degrees of freedom)

For the experimental gambling approach, the utility function with Constant Partial Risk
Aversion (CPRA) is used to get a unique measure of partial risk aversion coefficient for each
game level. This depicted as the equation below:
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Where

S=coefficient of risk aversion, and

c=certainty equivalent of a prospect.

The Herfindahl Index (DHI) is used to calculate enterprise diversification and represent the
specialization variable. Although, this index is mainly used in the marketing industry to
analyze market concentration, it has also been used to represent crop diversification [35, 36].
Herfindhal index (DHI) is the sum of square of the proportion of individual activities in a
portfolio. With an increase in diversification, the sum of square of the proportion of activities
decreases, so also the indices. In this way, it is an inverse measure of diversification, since the
Herfindhal index decreases with an increase in diversification. The Herfindhal index is bound
by zero (complete diversification) to one (complete specialization).
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4. Results and discussions

4.1. Determinants of adoption of organic farming

The summary statistics in Table 1 show that the average age of the farmers was over 50 years
with younger people migrating to urban centres in search of better jobs. In the study area, most
of the men are engaged in wage employment at the neighbouring sugarcane farms or as
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migrant workers in the cities of Durban, Johannesburg. Hence over 70% of the farmers were
female. Education levels are low and are consistent with most rural farming communities in
South Africa, where formal education opportunities are limited. Household sizes were large
with family labour playing a major role in tilling the land. Small farm sizes averaging 0. 59
hectares for fully-certified organic farmers, 0. 67 hectares for non-organic farmers and 0. 71
hectares for partially-certified farming was common in KwaZulu-Natal.

The main sources of income were farm and off farm employment, the latter constituting wages
or salary income and remittances. Farm income was highest for fully-certified organic farmers.
This is an indication that the adoption of fully-certified organic farming and its commerciali‐
zation has brought economic benefits to these otherwise poor rural households and is an
important contributor to household income. The proportion of income from farming was
highest among the fully certified organic farmers. While the average farmer was classified as
risk averse, non-organic farmers were more risk averse than their organic counterparts. Risk-
averse farmers are reluctant to invest in innovations of which they have little first-hand
experience. Despite the tenure system being communal, farmers felt they had tenure rights
through the permission to occupywith allocation done by the traditional chief of the tribe
(inkosi) and his headman (induna). On average the farmers acknowledged that the household
had rights to exercise on its own cropland the building of structures, planting trees and
bequeathing to family members or leasing out. Fully certified farmers had more assets than
their non-organic counterparts as well as chicken and livestock.

 Fully-certified organic Partially-certified organic Non-organic

Variable Mean Std. Dev Mean Std. Dev Mean Std. Dev

Age (years) 52.60 1.90 48.60 1.41 52.70 2.11

Gender (1=female) 0.82 0.05 0.71 0.05 0.84 0.05

Education (years) 4.94 4.24 4.37 4.49 3.38 0.61

Household size 9.49 5.23 7.72 3.68 6.60 3.46

Land size (hectares) 0.59 1.22 0.71 1.16 0.67 1.43

Input costs (rand/year) 812.90 884.90 309.30 343.40 318.20 302.90

Proportion of income from farming 0.62 0.79 0.38 1.04 0.39 0.63

Farm income (rands/year) 973.17 1074.51 417.26 271.50 400.53 429.53

Location 2.56 0.60 1.91 0.54 4.00 0.00

Arrow Pratt Risk Aversion coefficient 0.55 0.29 0.58 0.31 0.76 0.29

Land rights (0 = no) 1.98 0.14 1.75 0.56 1.93 0.33

Chicken ownership 15.29 13.16 9.25 8.69 6.40 6.62

Asset ownership (index) 0.98 0.60 0.56 0.59 0.67 0.75

Table 1. Summary statistics of sampled farmers in KwaZulu-Natal (n=200)
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The ordered probit model results are presented in Table 2. The model successfully estimated
the significant variables associated with the farmer’s adoption decisions. The Huber/White/
sandwich variances estimator was used to correct for heteroscedasticity. The explanatory
variables collectively influence the farmer’s decision to be a certified organic with the chi-
square value significant at one percent. The following variables were found to be significant
determinants in the organic farming adoption decision by smallholder farmers in the study
area: age, household size, land size, locational setting of the farmer depicted by the sub-wards
Ogagwini, Ezigani, and Hwayi, farmer’s risk attitude, livestock ownership (chicken and goat
ownership), land tenure security as depicted by the rights the farmer can exercise on his/her
own cropland to build structures and asset ownership.

Variables Parameter Robust std error P-values

Age 0.0194072 0.0079204 0.014***

Gender 0.3796234 0.2707705 0.161

Household size 0.0504668 0.0271520 0.063*

Land size -0.2352607 0.1083583 0.030**

Off Farm Income -0.0001223 0.0001129 0.279

Location (sub-ward)

Location (1= ogagwini) 2.894311 0.6380815 0.000***

Location (1=ezigani) 4.191274 0.7234394 0.000***

Location (1=hwayi) 5.158803 0.8495047 0.000***

Risk attitudes -0.759508 0.3773067 0.044**

Fertility (Manure )

Chicken ownership 0.0424046 0.0148472 0.004***

Cattle ownership -0.0418692 0.0431078 0.331

Goat ownership -0.1005212 0.0569375 0.077*

Land tenure rights

Land tenure (1= build structures) 0.4803418 0.2372247 0.043**

Land tenure (1= plant trees) 0.0235946 0.3023182 0.938

Land tenure (1= bequeath) 0.1335225 0.2619669 0.610

Land tenure (1= lease out) -0.3840883 0.2593139 0.139

Land tenure (1= sell land) 0.0829177 0.2978485 0.781

Asset ownership 0.5853967 0.205389 0.004***

Significance levels: *** p<0. 01: ** p<0. 05: * p<0. 1

(Source: Field Data)

Table 2. Adoption of organic farming among smallholder farmers: Ordered probit model results
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The study established that older female farmers with large household sizes were more likely
to be certified-organic. Similarly, farmers who reside in the sub-wards Ogagwini, Ezigani, and
Hwayi were more likely to be certified organic. This suggests the presence of local synergies
in adoption which raises the question about the extent to which ignoring these influences biases
policy conclusions. The negative correlation between land size and adoption implies that
smaller farms appear to have greater propensity for adoption of certified organic farming. This
finding is supported by several studies reviewed in the literature that allude to the fact that
organic farms tend to be smaller than conventional farms. The significance of livestock is
explained by the importance of manure for organic farming. The study also found that older
farmers tend to be adopters supporting findings by [37]. The propensity to adopt was also
positively influenced by asset index which is a proxy for wealth.

4.2. Risk aversion and risk management strategies

The distribution of risk aversion preferences for each prospect for the fully-certified organic,
partially-certified organic and non-organic crop farmers are presented in Table 3. The distri‐
bution of responses was spread across all classes of risk aversion for the pooled data. It can be
noted that on average, the majority of the respondents revealed their preference for prospects
representing intermediate and moderate risk aversion alternatives across the three farmer
groups. Table 3 further shows that non-organic farmers were the most risk averse being
classified as extremely risk averse at 20. 4%, compared to fully and partially-certified organic
farmers at 7. 3% and 4. 2%, respectively. This explains their non-adoption of certified organic
farming, despite its introduction in the area since the year 2000. On the other hand, the fully-
certified organic farmers were the least risk averse, being classified as neutral to risk preferring
at 9. 1% compared to 7. 3% and 4. 1% for the partially certified and non-organic farmers
respectively. These results conform to a priori expectations regarding the risk preference
patterns of smallholder farmers.

Farmer group

Risk aversion classification

Extreme Severe Intermediate Moderate
Slight to

neutral

Neutral to

preferring

Fully certified organic (n = 48) 7.30 5.50 30.90 40.00 7.30 9.10

Partially certified organic(n = 95) 4.20 8.30 44.80 29.20 5.20 7.30

Non-organic (n= 46) 20.40 8.20 30.60 30.60 0.00 4.10

Pooled data (n = 189) 9.00 7.50 37.50 32.50 4.50 7.00

Source: Field data

Table 3. Distribution of smallholder farmers according to risk preference patterns in KwaZulu-Natal

According to Figure 4, the non-organic farmers constituted 55. 6% of respondents within the
extreme risk aversion class compared to 22. 2% for fully-certified organic and 22. 2% for

Organic Agriculture Towards Sustainability36

partially-certified organic farmers. This is a confirmation of previous findings in this study
that explains the non-adoption of certified organic farming by the non-organic farmers. In the
risk neutral to preferring category, the non-organic farmers constitute only 14. 3%. Fully-
certified organic farmers constituted 57. 1% and partially-certified organic farmers constituted
28. 6%.
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Figure 4: Frequency distribution within risk aversion classes across the farmer groups 
 
A comparison of the results from the South African study, which applied the general experimental method, with similar studies using the 
same methodology was for farming communities in the Côte d’Ivoire [38], Ethiopia [39], Zambia [40], Philippines [41] and India [31], 
shows similarities in the findings of the studies done in India, Philippines, Zambia and Côte d’Ivoire, where the majority of the 
respondents are classified as intermediate to moderate risk aversion (Table 4).  Similarly, these results suggest that farm households in 
South Africa are less risk averse than in Ethiopia, Zambia and Côte d’Ivoire but are much more risk averse than in India and Philippines.   

Table 4:   Percentage distribution of revealed risk preferences in five experimental studies 
Studies Extreme to severe risk 

aversion 
Intermediate to moderate 

risk aversion 
Risk-neutral to 
risk preferring 

Number of 
responses 

India [31] 

   50 rupee 8.4 82.2 9.4 107 

   500 rupee 16.5 82.6 0.9 115 

Philippines [41] 

   50peso 10.2 73.5 16.3 49 

   500peso 8.1 77.6 14.3 49 

Zambia [40] 

   1000kw 29.1 46.4 24.5 423 

   10000kw 36.7 52.5 11 137 
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A comparison of the results from the South African study, which applied the general experi‐
mental method, with similar studies using the same methodology was for farming commun‐
ities in the Côte d’Ivoire [38], Ethiopia [39], Zambia [40], Philippines [41] and India [31], shows
similarities in the findings of the studies done in India, Philippines, Zambia and Côte d’Ivoire,
where the majority of the respondents are classified as intermediate to moderate risk aversion
(Table 4). Similarly, these results suggest that farm households in South Africa are less risk
averse than in Ethiopia, Zambia and Côte d’Ivoire but are much more risk averse than in India
and Philippines.

Farmers identified their sources of risk and significance in terms of the potential impact to their
farming activity as presented in Table 5. The fully-certified organic farmers cited in order of
priority, uncertain climate (mean 2. 96), lack of cash and credit to finance inputs (mean 2. 78)
and tractor unavailability when needed (mean 2. 76). These risk sources have a direct bearing
on production of organic produce. Climatic conditions are beyond the farmers’ control, and
the top ranking probably reflects the farmers’ concerns about the effects of recent drought in
the Umbumbulu district. These impacts negatively on crop yield. Due to communal land
ownership and strict conditions for credit, farmers have limited options to obtain production
credit from financial institutions. Among the sampled farmers only 21 farmers were able to
access credit. Farmers in the study area lack collateral that is acceptable to banks. For example,
banks required title deeds as proof of land ownership but the majority of black farmers in
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The study established that older female farmers with large household sizes were more likely
to be certified-organic. Similarly, farmers who reside in the sub-wards Ogagwini, Ezigani, and
Hwayi were more likely to be certified organic. This suggests the presence of local synergies
in adoption which raises the question about the extent to which ignoring these influences biases
policy conclusions. The negative correlation between land size and adoption implies that
smaller farms appear to have greater propensity for adoption of certified organic farming. This
finding is supported by several studies reviewed in the literature that allude to the fact that
organic farms tend to be smaller than conventional farms. The significance of livestock is
explained by the importance of manure for organic farming. The study also found that older
farmers tend to be adopters supporting findings by [37]. The propensity to adopt was also
positively influenced by asset index which is a proxy for wealth.

4.2. Risk aversion and risk management strategies

The distribution of risk aversion preferences for each prospect for the fully-certified organic,
partially-certified organic and non-organic crop farmers are presented in Table 3. The distri‐
bution of responses was spread across all classes of risk aversion for the pooled data. It can be
noted that on average, the majority of the respondents revealed their preference for prospects
representing intermediate and moderate risk aversion alternatives across the three farmer
groups. Table 3 further shows that non-organic farmers were the most risk averse being
classified as extremely risk averse at 20. 4%, compared to fully and partially-certified organic
farmers at 7. 3% and 4. 2%, respectively. This explains their non-adoption of certified organic
farming, despite its introduction in the area since the year 2000. On the other hand, the fully-
certified organic farmers were the least risk averse, being classified as neutral to risk preferring
at 9. 1% compared to 7. 3% and 4. 1% for the partially certified and non-organic farmers
respectively. These results conform to a priori expectations regarding the risk preference
patterns of smallholder farmers.

Farmer group

Risk aversion classification

Extreme Severe Intermediate Moderate
Slight to

neutral

Neutral to

preferring

Fully certified organic (n = 48) 7.30 5.50 30.90 40.00 7.30 9.10

Partially certified organic(n = 95) 4.20 8.30 44.80 29.20 5.20 7.30

Non-organic (n= 46) 20.40 8.20 30.60 30.60 0.00 4.10

Pooled data (n = 189) 9.00 7.50 37.50 32.50 4.50 7.00

Source: Field data

Table 3. Distribution of smallholder farmers according to risk preference patterns in KwaZulu-Natal

According to Figure 4, the non-organic farmers constituted 55. 6% of respondents within the
extreme risk aversion class compared to 22. 2% for fully-certified organic and 22. 2% for
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partially-certified organic farmers. This is a confirmation of previous findings in this study
that explains the non-adoption of certified organic farming by the non-organic farmers. In the
risk neutral to preferring category, the non-organic farmers constitute only 14. 3%. Fully-
certified organic farmers constituted 57. 1% and partially-certified organic farmers constituted
28. 6%.
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A comparison of the results from the South African study, which applied the general experi‐
mental method, with similar studies using the same methodology was for farming commun‐
ities in the Côte d’Ivoire [38], Ethiopia [39], Zambia [40], Philippines [41] and India [31], shows
similarities in the findings of the studies done in India, Philippines, Zambia and Côte d’Ivoire,
where the majority of the respondents are classified as intermediate to moderate risk aversion
(Table 4). Similarly, these results suggest that farm households in South Africa are less risk
averse than in Ethiopia, Zambia and Côte d’Ivoire but are much more risk averse than in India
and Philippines.

Farmers identified their sources of risk and significance in terms of the potential impact to their
farming activity as presented in Table 5. The fully-certified organic farmers cited in order of
priority, uncertain climate (mean 2. 96), lack of cash and credit to finance inputs (mean 2. 78)
and tractor unavailability when needed (mean 2. 76). These risk sources have a direct bearing
on production of organic produce. Climatic conditions are beyond the farmers’ control, and
the top ranking probably reflects the farmers’ concerns about the effects of recent drought in
the Umbumbulu district. These impacts negatively on crop yield. Due to communal land
ownership and strict conditions for credit, farmers have limited options to obtain production
credit from financial institutions. Among the sampled farmers only 21 farmers were able to
access credit. Farmers in the study area lack collateral that is acceptable to banks. For example,
banks required title deeds as proof of land ownership but the majority of black farmers in
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South Africa and especially in the former homelands still lacked this vital documentation.
Tractor unavailability can be attributed to the fact that there is one tractor that has been
allocated to the members of Ezemvelo Farmers Organisation. The tractor is leased out at a
rental fees. This poses a challenge during the land preparation phase when the demand for its
services is at peak.

Similarly, partially-certified farmers also ranked tractor not being available when needed
(mean 2. 89) and uncertain climate (mean 2. 83) as identified sources of risk (Table 5). The risk
of delays in payment for products sent to pack house (mean 2. 89) are attributed to various
factors, among them the contractual obligation the agent has with the retailer which has a
bearing on the duration of payment. Payment is only made to the farmer once the supply has
been forwarded to the retailer and there is confirmation of the quantity of produce that has
been rejected. The process flow delays payments to farmers. Non-organic farmers also cited
uncertain climate (mean 2. 82), livestock damage to crops (mean 2. 80) and lack of cash and
credit to finance farm inputs (mean 2. 78). The livestock damage is a result of lack of fencing
around the crops planted.

Studies
Extreme to severe risk

aversion

Intermediate to

moderate risk aversion

Risk-neutral to risk

preferring

Number of

responses

India [31]

50 rupee 8.4 82.2 9.4 107

500 rupee 16.5 82.6 0.9 115

Philippines [41]

50peso 10.2 73.5 16.3 49

500peso 8.1 77.6 14.3 49

Zambia [40]

1000kw 29.1 46.4 24.5 423

10000kw 36.7 52.5 11 137

Ethiopia [39]

5bir 45.4 33.6 21 262

15bir 55.7 27.5 16.8 262

Côte d’Ivoire [38]

1000FCFA 32.8 53.9 13.3 362

5000FCFA 46.1 45.9 8 362

*South Africa [42]

400Rands 16.5 70 11.5 196

*Source: Field work

Table 4. Percentage distribution of revealed risk preferences in five experimental studies
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 Fully-certified organic Partially-certified organic Non-organic

Constraint Mean Std.Dev. Rank Mean Std.Dev. Rank Mean Std.Dev. Rank

Livestock damage 2.56 0.774 7 2.82 0.448 4 2.8 0.539 2

Uncertain climate 2.96 0.189 1 2.83 0.409 3 2.82 0.486 1

Uncertain prices for products sold to pack

house 2.21 0.793 13 2.13 0.591 16 - - -

Uncertain prices for products sold to other

markets 1.94 0.811 17 2.02 0.595 18 2.17 0.761 10

Huge work load 2.58 0.599 6 2.32 0.688 12 2.53 0.649 4

Lack of cash and credit to finance inputs 2.78 0.567 2 2.58 0.615 6 2.78 0.468 3

Lack of information about producing

organic crops 2.02 0.687 15 2.2 0.632 14 2.16 0.717 11

Lack of information about alternative

markets 2.38 0.623 10 2.29 0.602 13 - - -

Lack of proper storage facilities 2.56 0.66 7 2.46 0.543 9 2.41 0.643 7

Lack of affordable transport for products 2.72 0.492 4 2.42 0.56 11 2.06 0.852 12

Lack of telephone to negotiate sales 2.69 0.509 5 2.55 0.633 8 2.22 0.771 8

Inputs not available at affordable prices 2.52 0.642 9 2.8 0.447 5 2.51 0.545 5

Tractor not available when needed 2.76 0.501 3 2.89 0.416 1 2.46 0.713 6

Cannot find manure for purchase 1.92 0.778 18 2.56 0.66 7 2.2 0.645 8

Cannot find labour to hire 1.73 0.764 20 1.76 0.816 20 2 0.764 13

Cannot access more cop land 1.95 0.753 16 1.98 0.805 19 1.92 0.794 14

Delay of payment of products sent to pack

house 2.22 0.723 12 2.89 0.315 1 - - -

Lack of bargaining power over product

prices at the pack house 2.16 0.672 14 2.2 0.704 14 - - -

Lack of information about consumer

preferences for organic products 2.23 0.654 11 2.44 0.604 10 - - -

No reward system or incentive for

smallholder producers 1.86 0.78 19 2.02 0.866 17 - - -

          

Table 5. Identification and ranking of risk sources by farmers

The most important traditional risk management strategies used by the farmers were identified
as crop diversification, precautionary savings and participating in social network. The overall
Herfindahl index of crop diversification is estimated at 0. 61 which indicates that the cropping
system is relatively diverse (Table 6). These results confirm previous findings by [43] who
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Table 5. Identification and ranking of risk sources by farmers

The most important traditional risk management strategies used by the farmers were identified
as crop diversification, precautionary savings and participating in social network. The overall
Herfindahl index of crop diversification is estimated at 0. 61 which indicates that the cropping
system is relatively diverse (Table 6). These results confirm previous findings by [43] who
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obtained an estimated DHI of 0. 49-0. 69 among smallholder farmers in three regions in
Bangladesh. As shown in Table 6, non-organic farmers practiced more crop diversification
with a DH index of 0. 23 compared to organic farmers with a DHI of 0. 72. These results are
consistent with previous findings in this study measuring farmers risk attitudes and presented
in Figure 6. 8, that established that smallholder farmers in the study area tend to diversify due
to their risk averse nature and that non-organic farmers are more risk averse than organic
farmers.

According to Table 6, a total of 69. 1% of fully-certified farmers practised crop diversification
compared to 96. 8% of the non-organic farmers. A total of 81. 2% of the partially certified
farmers practised crop diversification. The common crops grown by the organic farmers are
amadumbe, potatoes, sweet potatoes and green beans while non-organic farmers grew
amadumbe, potatoes, sweet potatoes, green beans, maize, sugarcane, bananas, chillies and
peas.

No. Risk management strategy

Fully-certified

organic

Partially-certified

organic Non-organic

  n = 48 n = 103 n = 49

1 Enterprise diversification index (DH) 0.72 0.89 0.23

2 Practice crop diversification (% of

respondents) 69.10 81.20 96.80

3 Savings bank account (% of respondents) 60.90 48.90 46.80

4 Current level of savings (% of respondents)

less than R500 27.27 37.84 35.29

R501 – R1000 45.45 29.73 41.18

R1001 – R5000 21.21 29.73 17.65

More than 5000 6.07 2.70 5.88

5 Social networks (% of respondents)

Membership of EFO 100.00 100.00 10.00

Others (burial clubs,stockvels) 33.00 25.00 25.00

Table 6. Risk management strategies used by the different farmer groups

Precautionary saving occurs in response to risk and uncertainty [44]. The smallholder farmers’
precautionary motive was to delay/minimise consumption and save in the current period due
to their lack of crop insurance markets. According to [45], the quantitative significance of
precautionary saving depends on how much risk consumers face. Whereas 60. 9% of the fully
certified farmers had savings bank accounts, only 46. 8% non-organic farmers had bank
accounts. The current level of saving in the study area was low with savings ranging from less
than R500 to over R5000 per month. The level of savings was low across all groups. Among
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the fully-certified organic group, most of the respondents (45. 45%) saved between R1000-
R5001 whereas most of the partially-certified farmers (37. 84%) saved less than R500 per month.
Most of the non-organic farmers (41. 18%) saved between R501-R1000 per month. Across all
groups, however the level of saving greater than R5000 was minimal.

The farmers also engage in social networks as a risk sharing strategy. There were two main
categories of social networks that the farmers engaged in. These are farmers association and
other social networks most notably burial clubs and stockvels. The farmers association is used
as a vehicle by the organic farmers to gain access to markets for their organic produce while
the burial clubs and stockvels are sources of access to credit and/or loans. In the latter instance,
farmers do not have to produce collateral. The burial clubs and stockvels are common in most
rural areas and are a source of mitigating liquidity and financial risk where possible.

4.3. Consumer awareness, perceptions and consumption decisions

The summary statistics of consumers presented in Table 7 showed that the majority of the
consumers were females within 25-34 age category. Previous studies for example [46] found
that women were the predominant purchasers of organic food and responsible for household
consumption. The younger generation consumers represent an important target group in the
advancement of consumer demand for organic products. The level of education was generally
low especially among rural consumers. The unemployment rates in the former homelands
demonstrates a substantial skewering of the demographic profile of the district and high
dependency rates of those not economically and productively active. It also reflects the levels
of out migration of economically active population from the province to other parts of South
Africa. Unemployment was also lower in urban areas than rural areas. The income distribution
of the respondents is especially concentrated in the R1000 – R5000/month category. However
the majority of the respondents within this category were in the rural areas. This can be
attributed to limited economic activity in rural areas. The household size was within the
provincial estimate of 4-5 persons per household [47] with rural households having higher
numbers. Majority of the respondents had children under the age of 18 years in the household.
The average distance to the nearest shops were estimated at between 6-9kms. In the urban
areas however this was reduced to 1. 38kms.

There is a general understanding of term ‘organic foods’ among consumers. Consumers
defined organic foods as healthy and nutritious, associated with traditional and or indigenous
methods of production and free from chemicals. There were low levels of awareness about
local standards for organic products, the identification of organic products using an organic
logo, existence of a national organic movement and/or the presence of an organic certification
body in South Africa. Therefore consumers could not readily identify certified organic against
non-certified organic products. Notwithstanding, consumers argued that there was a need for
certification and verification of organic products and hence are unable to make informed
decisions on the organic status of products in the market.

Trust of organic labels can be increased once more information is available to consumers on
the various organic labels, their meaning and on the difference between certified and non
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that women were the predominant purchasers of organic food and responsible for household
consumption. The younger generation consumers represent an important target group in the
advancement of consumer demand for organic products. The level of education was generally
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The average distance to the nearest shops were estimated at between 6-9kms. In the urban
areas however this was reduced to 1. 38kms.

There is a general understanding of term ‘organic foods’ among consumers. Consumers
defined organic foods as healthy and nutritious, associated with traditional and or indigenous
methods of production and free from chemicals. There were low levels of awareness about
local standards for organic products, the identification of organic products using an organic
logo, existence of a national organic movement and/or the presence of an organic certification
body in South Africa. Therefore consumers could not readily identify certified organic against
non-certified organic products. Notwithstanding, consumers argued that there was a need for
certification and verification of organic products and hence are unable to make informed
decisions on the organic status of products in the market.

Trust of organic labels can be increased once more information is available to consumers on
the various organic labels, their meaning and on the difference between certified and non
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certified products in the shelves. In the absence of this information, producers and likewise
consumers may not get value for money. Certification and labelling is essentially in regulating
and facilitating the sale of organic products to consumers. The perception of the high price of
organic products is a deterrent to the purchase of organic products and hence the growth of
organic industry especially for the emerging organic market of South Africa. To increase the
consumption of organic products, it will be important to motivate new consumer segments to
buy organic food. Hence trust is a crucial aspect when consumers decide whether to buy or
not to buy organic products [48].

  Former Homelands Locality

OR Tambo DM Amatole DM Rural Peri-urban Urban

Variable  n = 100 n = 100 n = 30 n = 30 n = 40

Gender Male 43 34 28 40 44

Female 57 66 72 60 56

Age in years 18-24 17 13 18 16 12

25-34 29 33 12 34 26

35-44 27 16 14 23 41

45-55 20 17 21 19 16

>55 7 21 35 8 5

Education Level None 4 9.7 16.1 6.5 1.2

Primary 21 29.1 46.4 32.3 5.9

High school 39 39.8 37.5 48.4 34.1

Tertiary 36 21.4 0 12.9 58.8

Employment Status Unemployed 29.4 31 52.6 48.3 2.4

Student 9.8 4 5.3 5 9.4

Housewife/man 10.8 8 19.3 10 2.4

Retired 5.9 1 8.8 1.7 1.2

Working part-time 14.7 11 8.7 18.3 11.8

Working full time 29.4 45 5.3 16.7 72.8

Income Level <1000 10 12.5 0 4.8 23.5

1001 – 5000 16 5.8 0 0 25.9

5001-10 000 20 17.3 5.3 17.7 28.2

10 001 – 15 000 30 49 66.7 46.8 16.5

>15 000 24 15.4 28.1 30.6 5.9

Household size in number 5.2 4.33 5.18 4.98 4.31

Children < 18 years 79 55.8 71.9 71 61.2

Distance in Kms 6.71 9.63 12.67 9.32 1.38

Table 7. Summary statistics of consumers in the Eastern Cape Province
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Trust is a ‘credence attribute’ which is not directly observable by consumers. Enhancing
consumers trust about the labels of organic products can be achieved through among others,
effective communication strategies on the traceability of organic products and ensuring
compliance and adherence by retailers selling organic products to the certification standards
and availability of information on the organic status of products. Some of the reasons advanced
in the study to increase consumers trust for organic products is to:

• purchase from specific shops that sell organic

• check for organic certification label

• practice own organic farming

In South Africa, food retailers have the largest share of the organic industry [49]. Similarly,
most products are sold through the export market due to the higher revenue from exports.
Irwin [50] says that South Africa has a favourable position for expansion in the domestic market
as a result of the following developments in the organic sector over the past few years:

• establishment of separate organic section in major retail stores

• national regulation/standards for organic products

• establishment of South Africa organic certification bodies

• formation of South African organic associations.

Food purchasing is an important part of food behaviours. In this study the apportioning,
explicitly or tacitly, of the responsibility of household food shopping depends on a number of
factors as food purchasing is an important part of food behaviours. This responsibility was
closely shared among various members of the household with majority of the consumers being
responsible for the decision making of organic food demand and purchase. The general finding
in the study was that most consumers shop in supermarkets, grocery stores and spaza (ki‐
osks) shops. The majority of consumers who shop in supermarkets reported that local shops
do not provide the services people demand and that food choice and quality are limited. This
is coupled with discount promotions common with supermarkets and variety of products. The
findings from this study are consistent with findings from the Food Safety Agency [51] that
state that a vast majority (92%) of consumers continue to use supermarkets for most of their
food shopping. However, local shops play an important role in ‘top-up’ shopping, being used
by 75% consumers for some of their food purchases.

Commonly consumed organic products included fresh vegetables, fresh fruits, meat/meat
products and milk/ milk products. However, the general trend in Figure 5 and Figure 6 shows
that there are marked increases in the future demand of all organic products. This augurs well
for the growth of the organic industry in the Eastern Cape and in South Africa in General. The
findings of this study are consistent with [52] who stated that a study by Pick-n-Pay, one of
the major national retail supermarket chains and supporter of the development of the retail
organic market in South Africa, on the performance and trends of fresh organic produce
showed that fresh produce completely dominated the sales.

Analysis of Production and Consumption of Organic Products in South Africa
http://dx.doi.org/10.5772/58356

43



certified products in the shelves. In the absence of this information, producers and likewise
consumers may not get value for money. Certification and labelling is essentially in regulating
and facilitating the sale of organic products to consumers. The perception of the high price of
organic products is a deterrent to the purchase of organic products and hence the growth of
organic industry especially for the emerging organic market of South Africa. To increase the
consumption of organic products, it will be important to motivate new consumer segments to
buy organic food. Hence trust is a crucial aspect when consumers decide whether to buy or
not to buy organic products [48].

  Former Homelands Locality

OR Tambo DM Amatole DM Rural Peri-urban Urban

Variable  n = 100 n = 100 n = 30 n = 30 n = 40

Gender Male 43 34 28 40 44

Female 57 66 72 60 56

Age in years 18-24 17 13 18 16 12

25-34 29 33 12 34 26

35-44 27 16 14 23 41

45-55 20 17 21 19 16

>55 7 21 35 8 5

Education Level None 4 9.7 16.1 6.5 1.2

Primary 21 29.1 46.4 32.3 5.9

High school 39 39.8 37.5 48.4 34.1

Tertiary 36 21.4 0 12.9 58.8

Employment Status Unemployed 29.4 31 52.6 48.3 2.4

Student 9.8 4 5.3 5 9.4

Housewife/man 10.8 8 19.3 10 2.4

Retired 5.9 1 8.8 1.7 1.2

Working part-time 14.7 11 8.7 18.3 11.8

Working full time 29.4 45 5.3 16.7 72.8

Income Level <1000 10 12.5 0 4.8 23.5

1001 – 5000 16 5.8 0 0 25.9

5001-10 000 20 17.3 5.3 17.7 28.2

10 001 – 15 000 30 49 66.7 46.8 16.5

>15 000 24 15.4 28.1 30.6 5.9

Household size in number 5.2 4.33 5.18 4.98 4.31

Children < 18 years 79 55.8 71.9 71 61.2

Distance in Kms 6.71 9.63 12.67 9.32 1.38

Table 7. Summary statistics of consumers in the Eastern Cape Province

Organic Agriculture Towards Sustainability42

Trust is a ‘credence attribute’ which is not directly observable by consumers. Enhancing
consumers trust about the labels of organic products can be achieved through among others,
effective communication strategies on the traceability of organic products and ensuring
compliance and adherence by retailers selling organic products to the certification standards
and availability of information on the organic status of products. Some of the reasons advanced
in the study to increase consumers trust for organic products is to:

• purchase from specific shops that sell organic

• check for organic certification label

• practice own organic farming

In South Africa, food retailers have the largest share of the organic industry [49]. Similarly,
most products are sold through the export market due to the higher revenue from exports.
Irwin [50] says that South Africa has a favourable position for expansion in the domestic market
as a result of the following developments in the organic sector over the past few years:

• establishment of separate organic section in major retail stores

• national regulation/standards for organic products

• establishment of South Africa organic certification bodies

• formation of South African organic associations.

Food purchasing is an important part of food behaviours. In this study the apportioning,
explicitly or tacitly, of the responsibility of household food shopping depends on a number of
factors as food purchasing is an important part of food behaviours. This responsibility was
closely shared among various members of the household with majority of the consumers being
responsible for the decision making of organic food demand and purchase. The general finding
in the study was that most consumers shop in supermarkets, grocery stores and spaza (ki‐
osks) shops. The majority of consumers who shop in supermarkets reported that local shops
do not provide the services people demand and that food choice and quality are limited. This
is coupled with discount promotions common with supermarkets and variety of products. The
findings from this study are consistent with findings from the Food Safety Agency [51] that
state that a vast majority (92%) of consumers continue to use supermarkets for most of their
food shopping. However, local shops play an important role in ‘top-up’ shopping, being used
by 75% consumers for some of their food purchases.

Commonly consumed organic products included fresh vegetables, fresh fruits, meat/meat
products and milk/ milk products. However, the general trend in Figure 5 and Figure 6 shows
that there are marked increases in the future demand of all organic products. This augurs well
for the growth of the organic industry in the Eastern Cape and in South Africa in General. The
findings of this study are consistent with [52] who stated that a study by Pick-n-Pay, one of
the major national retail supermarket chains and supporter of the development of the retail
organic market in South Africa, on the performance and trends of fresh organic produce
showed that fresh produce completely dominated the sales.

Analysis of Production and Consumption of Organic Products in South Africa
http://dx.doi.org/10.5772/58356

43



15 
 

 
Figure 5: Demand difference between organic products today and in the future in OR Tambo District Municipality 
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This is an indication that the consumption of organic products is closely related to consumer
awareness and knowledge of organic products. Increasing awareness about organic products
to consumers is important to spur its demand. Most of the consumers had consumed organic
products in South Africa with non consumers showing a general interest in organic products.
Authors [53] state that consumer awareness of organic foods is the first step in developing
demand for organic products. Yet, awareness does not necessarily equate with consumption.
While organic refers to the way agricultural products are grown and processed [54], interest
in consuming organic products may relate to food safety concerns where organic products
may be a partial answer to recent food scares associated with production and handling (e. g.
BSE, dioxins, Salmonella, etc. ). Food safety issues have driven consumers to search for safer
foods whose qualities and attributes are guaranteed [55]. The main reasons advanced for the
consumption of organic products are that organics are healthy and nutritious, have a better
appearance and taste, are affordable and are safe to consume. Identified hindrances to the
consumption of organics are that they are expensive and not readily available. Price and
affordability of organic products was ranked as the most important consideration among all
consumers when buying organic products in South Africa.

5. Conclusions

The global markets for organic products have grown rapidly over the past two decades [8].
Currently 32. 2 million ha are being managed organically worldwide by more than 1. 2 million
producers [11]. In Africa, South Africa has the third largest area (50, 000ha) under organic
farming [11]. Organic production is particularly well-suited for smallholder farmers, who
comprise the majority of the world's poor. The promotion of organic agriculture does not only
constitute an important option for producersbut also responds to consumers’ desire for higher
food quality and food production methods that are less damaging to the environment. The
consumers’ concerns for food safety, quality and nutrition are increasingly becoming impor‐
tant across the world, which has provided growing opportunities for organic foods in recent
years. Expectedly, the demand for organic food is steadily increasing in the developing
countries. The untapped potential markets for organic foods in the countries like South Africa
need to be realised with organised interventions on various fronts, which require a better
understanding of the consumers’ preference for organic food. Therefore, an analysis of
consumer’s awareness of various aspects of organic products may be considered as important
ground to build the markets for organic food in the initial phase of market development. Recent
analysis [53] indicate that consumer awareness of organic foods is the first step in developing
demand for organic products. By identifying independent variables that explain the adoption
of organic farming, the present study sought to contribute to policy formulation to promote
adoption in South Africa and the rest of Africa. The identified sources of risk faced by
smallholder farmers provide useful insights for policy makers, advisers, developers and sellers
of risk management strategies. This information can yield substantial payouts in terms of the
development of quality farm management and education programs as well as the design of
more effective government policies.
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1. Introduction

Organic agriculture and biotechnology are two key innovations that are considered to have
beneficial impacts on the future sustainability of agriculture (Wheeler, 2005). Conventional
farming has played an important role in improving food and fibre productivity to meet human
demands but has been largely dependent on intensive inputs of synthetic fertilizers and
pesticides (Tu, Louws, Creamer, Mueller, Brownie, Fager, Bell and Shuijin, 2006). Moreover,
the conventional intensive agricultural systems have side–effects which compromise food
production in terms of quality and safety. Therefore, problems arising from conventional
practices have led to the development and promotion of organic farming system that account
of the environment and public health as main concerns (Melero, Ruiz Porras, Herencia and
Madejon, 2005). Besides, traditional subsistence smallholding farming can no longer meet the
needs and expectation of ever-increasing population of Nigeria (Adomi, Monday-Ogbomo
and Inoni, 2003). Increasing agricultural productivity, self-sufficiency and poverty alleviation
depend on the acceptance and full utilization of modern inputs, as long been recognized and
policy formulation and implementation have been done (Aina 2007). The-Research-Extension-
Farmers-Linkage-System (REFILS) has been able to ensure some awareness about the use of
modern agro-inputs (Oladele, Sakagomi and Kazunobu 2006).

Organic farming represents a deliberate attempt to make the best use of local natural resources
and is an environmental friendly system of farming. It relies much on ecosystem management
which excludes external input, especially the synthetic ones. Ander son, Jolly and Green (2005)
stated that organic farming is a production system that excludes the use of synthetically
manufactured fertilizer, pesticides, growth regulators and livestock feed additives. The system
relies on crop rotation, crop residues, animal manures, legumes, green manures, off-farm
organic wastes, mechanical cultivation and aspects of biological pest control to maintain soil
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productivity and tilth, to supply plant nutrients and to control insects, weeds and other pests.
According to Agbamu (2002), organic farming technology is frequently regarded as the
solution to environmental problems that are related to agriculture as well as food safety.
Furthermore, Conor (2004) pointed out that organic farming developed as a response to what
was perceived to be polluting food supply by modern farming methods and the ensuing
degradation of the environment with chemical and other by-products of the industry.

Soil quality is a necessary indicator of sustainability land. The two farming systems (organic
and conventional) studied at farm level in Central Italy has emphasized interesting differences
on soil quality. It became obvious that organic management affects soil microbiological and
chemical properties by increasing soil nutrient availability, microbial biomass and microbial
activity, which represent a set of sensitive indicators of soil quality. (Marinari, Mancinelli,
Campiglia, Grego, 2006). The bacterial biomass that perform soil functions and resist environ‐
mental stress occurring under organic farms scores higher than in other farming systems
(Mulder, De Zwart, Van Wijnen, Schouten, Breure, 2003). Furthermore, the results confirm the
positive effects of organic manures and diversified crop rotations on soil quality aspects. Rigby
and Ca’ceres (2001) and Defoer (2002) reported that organic agriculture tends to conserve soil
fertility and system stability better than conventional farming systems. The Food and Agri‐
culture Organization of the United Nations regards organic agriculture as an effective strategy
for mitigating climate change and building robust soils that are better adapted to extreme
weather conditions associated with climate changes (IFOAM, 2009; Pretty, 1999).

Organic agriculture promotes food safety and quality. The past decade has been characterized
by escalating public concern towards nutrition and health and food safety issues (Crutchfield
& Roberts, 2000). As a result, at present, consumers perceive relatively high risks associated
with the consumption of conventionally grown produce compared with other public health
hazards (Williams & Hammitt, 2000, 2001). Mitchell, Hong, Koli, Barrett, Bryant, Denison and
Kaffka (2007) discovered that fruits and vegetables produced organically have increased levels
of flavonoids which are reported to protect against cardiovascular disease (Hertog and
Hollman, 1996) and to a lesser extent, against cancer (Knekt, Kumpulainen, Jarvinen, Rissanen,
Heliovaara, Reunanen, Hakulinen and Aromaa, 2002) and other age-related diseases such as
dementia (Commenges, Scotet, Renaud, Jacqmin-Gadda, Barberger-Gateau and Dartigues,
2000) whereas the levels of flavonoids did not vary significantly in conventional treatment.
Furthermore, Lumpkin (2005), and Zug (2006) noted that the use of chemicals in vegetable
production has been identified as a major source of health risk and a cause of extensive
environmental damage.

Organic agriculture improves ecological health because farmers maintain nutrient balances in
soil through locally available organic materials or recycled farm wastes (Park, Stabler and
Jones, 2008; Hynes, 2009). Stolze, Piorr, Harring and Dabbert (2000) and Olsson et al (2001)
concluded that nutrient balances on organic farms are often close to zero and that energy
efficiency is found to be higher in organic farming than in conventional farming. It also
encourages ecosystem service which sustains agricultural productivity and resilience and
advocates production intensification through ecosystem management. Fertility management
in organic farming relies on a long-term integrated approach rather than the more short-term
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much targeted solutions common in conventional agriculture (Watson et al., 2002). The practice
of organic agriculture has been associated with returns on investment because it offers farmers
a much more secure income than when they rely on only one or two inputs (Osborne, 2009;
Mcguirk, 1990). Besides, organic farm precludes purchases of organic inputs, loans and thus
the profit margin made by farmers increases and farmers are better off financially (Sanchez
and Swaiminathan, 2005; Mei, Jewison and Greene, 2006).

Unlike organic agriculture, which emphasizes effective soil management and biodiversity,
conventional agriculture (also referred to as intensive agriculture) relies on farming a single
crop year after year. To overcome the imbalance imposed upon a conventional farm’s ecosys‐
tem, harmful agents, such as pesticides and synthetic nitrogen fertilizers are used. Unfortu‐
nately, conventional agricultural practices exacerbate rather than alleviate the effects of climate
change. The consequence of conventional farming’s ecological imbalance is a decline in soil
organic matter, soil structure, fertility, microbial and faunal biodiversity. Combine these
impacts with the nutrient overload that ultimately ends up in waterways, deforestation, and
overgrazing that occurs due to changes in land use, and it’s not difficult to see why many are
now stating that conventional agriculture represents an unsustainable long-term option.

The description of organic agriculture in the preceding section has led to the generation of
research output recommended by Agricultural Knowledge and Information Systems (AKIS)
in order to enhance organic agriculture and make it more sustainable and profitable. The
information generated on organic agriculture by various AKIS has created the need for
vegetable farmers to fill the information needs and bridge the gap in their production activities.
The way in which information is sought is information seeking behaviour. The study attempts
to analyse the information seeking behaviour and adoption of organic farming practices
among vegetable farmers in South Western Nigeria.

2. Organic agriculture

Organic agriculture is a holistic production management system which promotes and enhan‐
ces agro-ecosystem health, including biodiversity, biological cycles, and soil biological activity.
It emphasizes the use of management practices in preference to the use of off-farm inputs,
taking into account that regional conditions require locally adapted systems. This is accom‐
plished by using, where possible, agronomic, biological, and mechanical methods, as opposed
to using synthetic materials, to fulfill any specific function within the system (FAO, 1999). The
FAO/WHO Codex Alimentarius guidelines defined organic agriculture as “a holistic produc‐
tion management [whose] primary goal is to optimize the health and productivity of interde‐
pendent communities of soil life, plants, animals and people”.

Similarly, the International Federation of Organic Agricultural Movements, with over 750
member organizations in 108 countries, defined it as “a whole system approach based upon
sustainable ecosystems, safe food, good nutrition, animal welfare and social justice. Organic
production therefore is more than a system of production that includes or excludes certain
inputs (IFOAM, 2006; IFOAM, 2002). The aim of organic farming is to create integrated,
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humane, environmentally and economically viable agriculture systems in which maximum
reliance is put on local or on-farm renewable resources, and the management of ecological and
biological processes. The use of external inputs, whether inorganic or organic, is reduced as
far as possible.

Certified organic food and fiber products are those that have been produced according to
documented standards. They are foods that are guaranteed to have been produced and
processed in a manner that avoids the use of synthetic fertilizers, pesticides, hormones,
genetically modified organisms and irradiation, and which strives to enhance natural biolog‐
ical cycles and to meet minimum animal welfare standards.

“Certified organic agriculture” is defined as a certified system of agricultural production that
seeks to promote and enhance ecosystem health while minimizing adverse effects on natural
resources. It is seen not just as a modification of existing conventional practices, but as a
restructuring of whole farm systems. However, "organic agriculture" is not limited to certified
organic farms and products but can include all productive agricultural systems that use
sustainable, natural processes, rather than external inputs, to enhance agricultural productiv‐
ity (Scialabba and Hattam, 2002).

Organic farmers adopt practices to conserve resources, enhance biodiversity, and maintain the
ecosystem for sustainable production and can lead to increased food production, in many cases
we have seen a doubling of yields, which makes an important contribution to increasing the
food security of a region (Park et al, 2008). Therefore, Non-certified organic agriculture’ is
defined as local, often traditional agriculture that is managed more or less in accordance with
the principles of organic agriculture, but is not based on certification, trade and premium prices
and it promises an alternative development path in rural areas of low-income countries
(Halberg et al., 2006).

The principles of organic agriculture according to IFOAM are principle of Health-Organic
agriculture should sustain and enhance the health of soil, plant, animal, human and planet as
one indivisible; principle of ecology-organic agriculture should be based on living ecological
systems and cycles, work with them, emulate them and help sustain them; principle of
Fairness-Organic agriculture should build on relationships that ensure fairness with regard to
the common environment and life opportunities and principle of care-organic agriculture
should be managed in a precautionary and responsible manner to protect health and the well-
being of current and future generations and the environment. Literature suggest that the farm,
farmer and institutional factors drive farmers to adopt new technologies (De Francesco, Gatto,
Runge and Tretini, 2008; Rehman, Mckemey,Yates, Cooke, Garforth, Tranter, Park and
Dorward, 2007; Hattam, 2006). Factors such as the financial and social-economic impacts of
new technologies, effects of new technologies on the risk of the farm, available resources and
technology transfer programme also have an effect on the decision of the farmer to adopt new
technologies.

Organic agriculture is fast emerging as the only sustainable long-term approach to food
production. Its emphasis on recycling techniques, biodiversity, low external input and high
level output strategies make it an ideal replacement for the petroleum intensive agricultural
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methods that are currently contributing to global warming (IFOAM, 2008; Swift et al, 2004).
There are a number of factors indicating that organic agriculture is far more future proof than
conventional agriculture. These include ecosystem services (Pimentel et al, 2005 and Stolze et
al, 2000); Ecological health (Backer et al, 2009, D’Agostino and Sovacool, 2011); Soil fertility
and system stability (Reddy, 2010, Mader et al, 2002); mitigating climate change (FiBL, 2007,
Lee, 2005); food safety and quality (Gallagher et al, 2005, Makatouni, 2002; Magnusson et al,
2001 and Torjusen et al, 2001); return on investment and poverty alleviation (Rigby and
Caceres, 2001); consumer preferences (Willer and Youssefi, 2007, Chen, 2007 and Mondelaers
et al, 2009); value addition (Ohmart, 2003, Mitchell et al, 2007); market niche (Alroe and Noe,
2008) and indigenous knowledge (Tengo and Belfrage, 2004, IFOAM, 2003).

3. Methodology

The area of study is southwestern Nigeria which comprises of six states namely: Oyo, Osun,
Ogun, Ondo, Ekiti and Lagos States. Southwest is situated mainly in the Tropical Rainforest
Zone, though with swamp forest in the coastal regions in Lagos, Ogun, Ondo and Delta States.
The agricultural sector forms the base of the overall development thrust of the zone. The zone
covers an area ranging from swamp forest to western up lands, in between are rain forest and
the northern parts of Oyo and Ogun states having derived Guinea savannah vegetation. The
areas lie between latitude 5 degrees and 9 degrees North and longitude 2 degrees and 8 degrees
East. It is bounded by the Atlantic Ocean in the south, Kwara and Kogi states in the north,
Eastern Nigeria in the east and Republic of Benin in the west. It has a land area of about
114,271km square representing 12% of the country’s total land areas. The high concentration
of agricultural activities justifies the choice of the study area (NARP, 1996).

The research design of the study is descriptive and quantitative which is defined by Bless and
Higson-Smith (2000), as a study concerned with the condition that exist, practices that prevail,
beliefs and attitudes that are held, processes that are on-going and trends that are developing.
The study profile organic farming practices in southwestern Nigeria. The population of the
study is the entire population of vegetable farmers in the South Western Nigeria. Cluster
sampling technique was adopted for selecting the required sample of urban vegetable
producers. From literature and preliminary surveys, vegetable production in urban areas that
is market oriented is mostly carried out along perennial sources of water or lowlands. This
constrains farmers to clusters around these sources of water. Therefore, cluster sampling is
considered appropriate. The sampling technique involves random selection of three states in
the southwestern Nigeria which were Oyo, Ogun and Ondo. Three local government areas in
the urban were selected from each state to give a total number of nine local government areas
used for the study. The choice of these Local government areas is based on the dominance of
vegetable producers in the different areas. The three local government areas chosen in Oyo
state were Akinyele, Egbeda and Ogbomoso south. The three local government areas chosen
in Ogun state were Odeda, Obafemi Owode and Abeokuta north. The three local government
areas selected in Ondo state were Akure south, Akure north and Ifedore. A cluster of vegetable
producers was selected from each of the local government areas to give total of nine clusters.
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humane, environmentally and economically viable agriculture systems in which maximum
reliance is put on local or on-farm renewable resources, and the management of ecological and
biological processes. The use of external inputs, whether inorganic or organic, is reduced as
far as possible.

Certified organic food and fiber products are those that have been produced according to
documented standards. They are foods that are guaranteed to have been produced and
processed in a manner that avoids the use of synthetic fertilizers, pesticides, hormones,
genetically modified organisms and irradiation, and which strives to enhance natural biolog‐
ical cycles and to meet minimum animal welfare standards.

“Certified organic agriculture” is defined as a certified system of agricultural production that
seeks to promote and enhance ecosystem health while minimizing adverse effects on natural
resources. It is seen not just as a modification of existing conventional practices, but as a
restructuring of whole farm systems. However, "organic agriculture" is not limited to certified
organic farms and products but can include all productive agricultural systems that use
sustainable, natural processes, rather than external inputs, to enhance agricultural productiv‐
ity (Scialabba and Hattam, 2002).

Organic farmers adopt practices to conserve resources, enhance biodiversity, and maintain the
ecosystem for sustainable production and can lead to increased food production, in many cases
we have seen a doubling of yields, which makes an important contribution to increasing the
food security of a region (Park et al, 2008). Therefore, Non-certified organic agriculture’ is
defined as local, often traditional agriculture that is managed more or less in accordance with
the principles of organic agriculture, but is not based on certification, trade and premium prices
and it promises an alternative development path in rural areas of low-income countries
(Halberg et al., 2006).

The principles of organic agriculture according to IFOAM are principle of Health-Organic
agriculture should sustain and enhance the health of soil, plant, animal, human and planet as
one indivisible; principle of ecology-organic agriculture should be based on living ecological
systems and cycles, work with them, emulate them and help sustain them; principle of
Fairness-Organic agriculture should build on relationships that ensure fairness with regard to
the common environment and life opportunities and principle of care-organic agriculture
should be managed in a precautionary and responsible manner to protect health and the well-
being of current and future generations and the environment. Literature suggest that the farm,
farmer and institutional factors drive farmers to adopt new technologies (De Francesco, Gatto,
Runge and Tretini, 2008; Rehman, Mckemey,Yates, Cooke, Garforth, Tranter, Park and
Dorward, 2007; Hattam, 2006). Factors such as the financial and social-economic impacts of
new technologies, effects of new technologies on the risk of the farm, available resources and
technology transfer programme also have an effect on the decision of the farmer to adopt new
technologies.

Organic agriculture is fast emerging as the only sustainable long-term approach to food
production. Its emphasis on recycling techniques, biodiversity, low external input and high
level output strategies make it an ideal replacement for the petroleum intensive agricultural
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methods that are currently contributing to global warming (IFOAM, 2008; Swift et al, 2004).
There are a number of factors indicating that organic agriculture is far more future proof than
conventional agriculture. These include ecosystem services (Pimentel et al, 2005 and Stolze et
al, 2000); Ecological health (Backer et al, 2009, D’Agostino and Sovacool, 2011); Soil fertility
and system stability (Reddy, 2010, Mader et al, 2002); mitigating climate change (FiBL, 2007,
Lee, 2005); food safety and quality (Gallagher et al, 2005, Makatouni, 2002; Magnusson et al,
2001 and Torjusen et al, 2001); return on investment and poverty alleviation (Rigby and
Caceres, 2001); consumer preferences (Willer and Youssefi, 2007, Chen, 2007 and Mondelaers
et al, 2009); value addition (Ohmart, 2003, Mitchell et al, 2007); market niche (Alroe and Noe,
2008) and indigenous knowledge (Tengo and Belfrage, 2004, IFOAM, 2003).

3. Methodology

The area of study is southwestern Nigeria which comprises of six states namely: Oyo, Osun,
Ogun, Ondo, Ekiti and Lagos States. Southwest is situated mainly in the Tropical Rainforest
Zone, though with swamp forest in the coastal regions in Lagos, Ogun, Ondo and Delta States.
The agricultural sector forms the base of the overall development thrust of the zone. The zone
covers an area ranging from swamp forest to western up lands, in between are rain forest and
the northern parts of Oyo and Ogun states having derived Guinea savannah vegetation. The
areas lie between latitude 5 degrees and 9 degrees North and longitude 2 degrees and 8 degrees
East. It is bounded by the Atlantic Ocean in the south, Kwara and Kogi states in the north,
Eastern Nigeria in the east and Republic of Benin in the west. It has a land area of about
114,271km square representing 12% of the country’s total land areas. The high concentration
of agricultural activities justifies the choice of the study area (NARP, 1996).

The research design of the study is descriptive and quantitative which is defined by Bless and
Higson-Smith (2000), as a study concerned with the condition that exist, practices that prevail,
beliefs and attitudes that are held, processes that are on-going and trends that are developing.
The study profile organic farming practices in southwestern Nigeria. The population of the
study is the entire population of vegetable farmers in the South Western Nigeria. Cluster
sampling technique was adopted for selecting the required sample of urban vegetable
producers. From literature and preliminary surveys, vegetable production in urban areas that
is market oriented is mostly carried out along perennial sources of water or lowlands. This
constrains farmers to clusters around these sources of water. Therefore, cluster sampling is
considered appropriate. The sampling technique involves random selection of three states in
the southwestern Nigeria which were Oyo, Ogun and Ondo. Three local government areas in
the urban were selected from each state to give a total number of nine local government areas
used for the study. The choice of these Local government areas is based on the dominance of
vegetable producers in the different areas. The three local government areas chosen in Oyo
state were Akinyele, Egbeda and Ogbomoso south. The three local government areas chosen
in Ogun state were Odeda, Obafemi Owode and Abeokuta north. The three local government
areas selected in Ondo state were Akure south, Akure north and Ifedore. A cluster of vegetable
producers was selected from each of the local government areas to give total of nine clusters.
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Fifty producers were randomly selected from each of the nine clusters to give a total sample
size of four hundred and fifty respondents for the study.

Data for this study was generated from primary sources based on the objective of the study.
Interview schedule was used to elicit information from the respondents. The questionnaire
consisted of 14 organic farming practices in southwestern Nigeria from which the respondents
indicated use and non-use. These practices are crop rotation, application of compost, mulching
of crops, inter cropping, mixed cropping, crop residues, cover crop, animal manure, organic
fertilizer, bio control, natural insect predator. A split half technique was used to determine the
reliability coefficient with a reliability coefficient of 0.85. The questionnaire was face validated
by panel of experts on agricultural extension, agronomist and organic agricultural researcher.
The panel consisted of lecturers in agricultural extension and Agronomy. The study took into
account the ethical consideration which was addressed through, voluntary participation. Data
were analyzed with the Statistical Package for Social Sciences (SPSS) 18.0 using means and
standard deviation.

4. Results and discussions

Table 1 shows a list of 14 organic agriculture practices from which the respondents were asked
to indicate their use or otherwise using a 2 ponit scale of Yes (2) and No(1). The actual mean
is 1.5 due to the rating scale and a mean of greater than 1.5 denoted a use while a mean less
than 1.5 denoted non-use. The mean scores of 11 out of 14 practices were above the actual mean
which implies the use of these organic agriculture practices. These technologies are: minimum
tillage, crop rotation, sanitation, intercropping, green manure, cover crop, fire, compositing,
organic fertilizer, animal manure, and mulching. The results revealed the most prominent
organic agriculture practices were minimum tillage (1.81, SD=0.9); crop rotation (1.80, SD=0.7)
and mulching (1.79, SD=0.6). With respect to the use of minimum tillage, it is the practice that
minimises the disturbance of the soil. The soil is not tilled intensively thereby improving the
soil structure. It is a cultivation operation whereby soil is disturbed as little as possible to
produce crop. Mulch residue from the previous crop is left on the soil surface which aids in
retarding weed growth, conserving moisture, and controlling erosion. Therefore, the practice
of minimum tillage is a common operation among the farmers that is usually carried out in
order to prepare the soil before planting exercise. Baldwin (2006) noted that many organic
farmers typically manage weeds mechanically and, therefore, cannot focus on building soil
structure in the same way as conservational tillage practitioners which often relies on herbi‐
cides for weed control. Instead, organic farmers use innovative practices such as crop rotations,
green manuring, and biological pest control to improve the soil structure and conserve soil
organic carbon.

Crop rotation as one of the practices can be attributed to the use of indigenous knowledge,
where farmers’ belief that soil needs rest and some measure should be put in place to ensure
soil maintenance and fertility. One of such measures is bush fallowing whereby a farmland
that have been cultivated for some number of years is left uncultivated for few years in order
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to fallow and regain its lost nutrients. Crop rotation is another measure that is used by the
farmers for this purpose. In this case, the farm land is not abandoned but crops that are
cultivated on the farm are planted in sequence in order to maintain the soil fertility. Crop
rotation is a practice that is as old as farming practice itself. Subba Rao (1999) and Stockdale,
et al (2000) observed that crop rotations and varieties are selected to suit local conditions having
the potential to sufficiently balance the nitrogen demand of crops. Furthermore, Bending and
Lincoln, (1999) in their work among the US farmers noted that organic growers commonly
plant rapeseed, mustard, and other brassicas as rotation crops to ‘clean up’ soil during the
winter months. Besides, Crop rotations comprising both grass-clover fields and arable crops
have shown to be relatively robust in relation to most problems with weeds, pests and diseases
(Dubois et al, 1999).

Mulching ranks highly as a cost-effective means of crop residue usage against soil erosion in
annual row-cropping systems on sloping lands; and is at the centre of a resurgent soil conser‐
vation ethic in much of North America (Shelton et al., 1995). However, it is not commonly used
among the vegetable farmers who reported that mulching is predominantly used by yam
producers. The findings of Junge et al, (2009) showed that mulching and cover cropping were
mostly regarded as not labour-intensive, highly cost-effective, compatible and easy and cheap
to adopt. The farmers had a positive impression of the effectiveness as erosion control measures
and also mentioned additional advantages, such as the increased soil fertility from the
decomposition of organic material and the release of nutrients however disadvantage of
mulching was seen in the amount of grass required, the main material used as mulch in the
area.

Other organic agricultural practices used by farmers include practices. Farm sanitation (1.69,
SD=0.8), intercropping (1.66, SD=0.2), green manure (1.60, SD=0.9) and cover crop (1.55,
SD=0.8). Farm Sanitation is keeping the field clean which help in preventing the growth and
multiplication of weed, pest and diseases. The reason may be because farmers are also aware
of those things that can prevent them from having good yield or output. Farmers go to farm
everyday even after the planting period to weed at interval, remove any form of crop residue
or decay of dead animal on their farm that can attract pests and diseases to the crop planted
and can cause pollution in the environment. Farmers are aware that if weed are left to grow
on their plot, it will compete with the crop planted for the available nutrients and will reduce
their yield during harvest. Besides, some weeds affect the crop leaving a residual effect on the
crop which can affect the taste or the appearance of the crop. Whenever this happened, the
farmer will run at a loss because such crop will not attract buyers and may have to be sold at
a ridiculous price.

Baumann et al., (2000) showed that intercropping as a cultural method can be used to suppress
weeds and reduces pest population because of the diversity of crops grown. According to
Sullivan (2003), if susceptible plants are separated by non-host plants that can act as a physical
barrier to the pest, the susceptible plant will suffer less damage. Furthermore, intercropping
reduced the nitrate content in the soil profile as intercropping uses soil nutrients more
efficiently than sole cropping (Zhang and Long Li, 2003).
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Fifty producers were randomly selected from each of the nine clusters to give a total sample
size of four hundred and fifty respondents for the study.

Data for this study was generated from primary sources based on the objective of the study.
Interview schedule was used to elicit information from the respondents. The questionnaire
consisted of 14 organic farming practices in southwestern Nigeria from which the respondents
indicated use and non-use. These practices are crop rotation, application of compost, mulching
of crops, inter cropping, mixed cropping, crop residues, cover crop, animal manure, organic
fertilizer, bio control, natural insect predator. A split half technique was used to determine the
reliability coefficient with a reliability coefficient of 0.85. The questionnaire was face validated
by panel of experts on agricultural extension, agronomist and organic agricultural researcher.
The panel consisted of lecturers in agricultural extension and Agronomy. The study took into
account the ethical consideration which was addressed through, voluntary participation. Data
were analyzed with the Statistical Package for Social Sciences (SPSS) 18.0 using means and
standard deviation.

4. Results and discussions

Table 1 shows a list of 14 organic agriculture practices from which the respondents were asked
to indicate their use or otherwise using a 2 ponit scale of Yes (2) and No(1). The actual mean
is 1.5 due to the rating scale and a mean of greater than 1.5 denoted a use while a mean less
than 1.5 denoted non-use. The mean scores of 11 out of 14 practices were above the actual mean
which implies the use of these organic agriculture practices. These technologies are: minimum
tillage, crop rotation, sanitation, intercropping, green manure, cover crop, fire, compositing,
organic fertilizer, animal manure, and mulching. The results revealed the most prominent
organic agriculture practices were minimum tillage (1.81, SD=0.9); crop rotation (1.80, SD=0.7)
and mulching (1.79, SD=0.6). With respect to the use of minimum tillage, it is the practice that
minimises the disturbance of the soil. The soil is not tilled intensively thereby improving the
soil structure. It is a cultivation operation whereby soil is disturbed as little as possible to
produce crop. Mulch residue from the previous crop is left on the soil surface which aids in
retarding weed growth, conserving moisture, and controlling erosion. Therefore, the practice
of minimum tillage is a common operation among the farmers that is usually carried out in
order to prepare the soil before planting exercise. Baldwin (2006) noted that many organic
farmers typically manage weeds mechanically and, therefore, cannot focus on building soil
structure in the same way as conservational tillage practitioners which often relies on herbi‐
cides for weed control. Instead, organic farmers use innovative practices such as crop rotations,
green manuring, and biological pest control to improve the soil structure and conserve soil
organic carbon.

Crop rotation as one of the practices can be attributed to the use of indigenous knowledge,
where farmers’ belief that soil needs rest and some measure should be put in place to ensure
soil maintenance and fertility. One of such measures is bush fallowing whereby a farmland
that have been cultivated for some number of years is left uncultivated for few years in order
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to fallow and regain its lost nutrients. Crop rotation is another measure that is used by the
farmers for this purpose. In this case, the farm land is not abandoned but crops that are
cultivated on the farm are planted in sequence in order to maintain the soil fertility. Crop
rotation is a practice that is as old as farming practice itself. Subba Rao (1999) and Stockdale,
et al (2000) observed that crop rotations and varieties are selected to suit local conditions having
the potential to sufficiently balance the nitrogen demand of crops. Furthermore, Bending and
Lincoln, (1999) in their work among the US farmers noted that organic growers commonly
plant rapeseed, mustard, and other brassicas as rotation crops to ‘clean up’ soil during the
winter months. Besides, Crop rotations comprising both grass-clover fields and arable crops
have shown to be relatively robust in relation to most problems with weeds, pests and diseases
(Dubois et al, 1999).

Mulching ranks highly as a cost-effective means of crop residue usage against soil erosion in
annual row-cropping systems on sloping lands; and is at the centre of a resurgent soil conser‐
vation ethic in much of North America (Shelton et al., 1995). However, it is not commonly used
among the vegetable farmers who reported that mulching is predominantly used by yam
producers. The findings of Junge et al, (2009) showed that mulching and cover cropping were
mostly regarded as not labour-intensive, highly cost-effective, compatible and easy and cheap
to adopt. The farmers had a positive impression of the effectiveness as erosion control measures
and also mentioned additional advantages, such as the increased soil fertility from the
decomposition of organic material and the release of nutrients however disadvantage of
mulching was seen in the amount of grass required, the main material used as mulch in the
area.

Other organic agricultural practices used by farmers include practices. Farm sanitation (1.69,
SD=0.8), intercropping (1.66, SD=0.2), green manure (1.60, SD=0.9) and cover crop (1.55,
SD=0.8). Farm Sanitation is keeping the field clean which help in preventing the growth and
multiplication of weed, pest and diseases. The reason may be because farmers are also aware
of those things that can prevent them from having good yield or output. Farmers go to farm
everyday even after the planting period to weed at interval, remove any form of crop residue
or decay of dead animal on their farm that can attract pests and diseases to the crop planted
and can cause pollution in the environment. Farmers are aware that if weed are left to grow
on their plot, it will compete with the crop planted for the available nutrients and will reduce
their yield during harvest. Besides, some weeds affect the crop leaving a residual effect on the
crop which can affect the taste or the appearance of the crop. Whenever this happened, the
farmer will run at a loss because such crop will not attract buyers and may have to be sold at
a ridiculous price.

Baumann et al., (2000) showed that intercropping as a cultural method can be used to suppress
weeds and reduces pest population because of the diversity of crops grown. According to
Sullivan (2003), if susceptible plants are separated by non-host plants that can act as a physical
barrier to the pest, the susceptible plant will suffer less damage. Furthermore, intercropping
reduced the nitrate content in the soil profile as intercropping uses soil nutrients more
efficiently than sole cropping (Zhang and Long Li, 2003).

Organic agricultural practices among small holder farmers in South Western Nigeria
http://dx.doi.org/10.5772/57598

57



Katyal (2000) reported the application of organic manure as the only option to improve the
soil organic carbon for sustenance of soil quality and future agricultural productivity. Wam‐
bani et al. (2006) compared the effect of farmyard manure application with recommended rate
of inorganic fertilizer and it was discovered that the recommended rate of organic manure was
the most profitable and preferred by the farmers because of their low cost, availability of
organic manure and longer persistence of kales under these treatments.

Cremer et al; (1996) showed that cover crop residues interfere with the emergence of weed
through the allelopathic effect. In addition, Langdale et al. (1991) concluded that cover crops
reduced soil erosion by 62 per cent based on a comparison of bare soil and soil planted with a
cover crop in the south eastern United States. Results presented for the use of Tithonia and
legume cover crops shows increase grain yields significantly in Eastern Uganda (Delve and
Jama, 2002). Moreover, Cover crops can improve soil quality (Dabney et al. 2001), and when
planted at the beginning of the transition phase, may provide essential soil-building properties
and improve weed suppression (Barberi 2002; Martini et al. 2004); however, soil quality effects
and ability of cover crops to suppress weed species varies among cover crop species (Melander
et al, 2005; Snapp et al, 2005).

The results further shows that the use of organic agricultural practice covered fire (1.53,
SD=0.6), composting (1.60, SD=0.4), organic fertilizer (1.68, SD=0.9) and animal manure (1.71,
SD=0.3). Wilson (2007) found that flame weeding also called flame cultivation or flaming, is a
thermal physical control method that is part of the National Organic Program (NOP) under

Organic agriculture practices Mean SD

Minimum tillage 1.81 0.9

Crop rotation 1.80 0.7

Farm Sanitation 1.69 0.8

Intercropping 1.66 0.2

Green manure 1.60 0.9

Cover crop 1.55 0.8

Fire 1.53 0.6

Composting 1.60 0.4

Organic fertilizer 1.68 0.9

Animal manure 1.71 0.3

Mulching 1.79 0.6

Natural pesticides 0.36 0.6

Farm scaping 0.16 0.6

Bio control 0.13 0.3

Table 1. Distribution of the respondents by use of organic agricultural practices
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the organic foods production act of 1990. Flame weeding delays the presence of weeds in crop
beds by killing the weeds present before the crop has breached the soil. This can significantly
reduce hand-weeding labor costs. Farmers see the use of fire as an easy and faster method of
clearing the weeds, trees and bushes particularly at the on-set of planting season when the
land is prepared. Besides, some farmers believe that when the land is prepared with fire, the
ash of the weeds, trees or residues that were burnt will make the soil to be fertile. Farmers see
the use of fire for clearing as cost-effective compared to the use of hired labour. Anon (1999)
reported that in Iowa, farmer feedback on flame weeding has been positive however burning
as labour-saving tool to clear land and to prevent weed infestation is now being brought into
question and many development agencies now advocate no-burning. In the communities,
however, it is less a question of burning or no-burning but rather when, where, and how to
reduce its negative impact (Aalangdong et al., 1999). Some northern farmers have made a
conscious decision to cease bush burning with the aim of regenerating organic material (Millar
et al 1996). Singh (2003) noted that organic farmers in India reported the capacity of manure
(compost) to fulfil nutrient demand of crops adequately and promote the activity of beneficial
macro-and micro-flora in the soil. Also, Ouédraogo et al (2001) showed that farmer was aware
of the role of compost in sustaining yield and improving soil quality. However, lack of
equipment and adequate organic material for making compost, land tenure and the intensive
labour required for making compost are major constraints for the adoption of compost
technology. Olayide et al (2011) assessing farm-level limitations and potentials for organic
agriculture in northern Nigeria, discovered that the current levels of organic fertilizer use as
share of the minimum requirements for take-off for organic agriculture in Nigeria was low
despite its potentials.

Vanlauwe, (2004) noted that livestock manure is important in maintaining soil organic matter
levels, a critical factor in soil health. Additionally, Omiti et al, (1999) noted that animal manure
compost is the most common source of soil amendment in organic agriculture in Nigeria and
indeed Africa. Farmers are fully aware of the fertilizing value of animal manure as well as the
differences, for example, in nutrient release between the manures as also reported by Dittoh
(1999) and Karbo et al. (1999). However, Mafongoya et al (2006) reported that in Africa, though,
animal manure is one of the mostly used organic inputs, but as the need for increased agri‐
cultural production rises; it has been found to be limited in quality and quantity. Williams
(1999) reported similar result among farmers in semi-arid West Africa.

However the use of natural pesticides (0.36, SD=0.6), farm scaping (0.16, SD=0.6) and Bio
control (0.13, SD=0.3) were below the actual mean which indicate non-use by the farmers. This
may be because these practices do not fit in to the farming system in the study areas. It can
also be attributed to the technicality of the use of these practices usch that the application of
the practices and the associated legislation and the process of securing permission for the use
of these practices.
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Katyal (2000) reported the application of organic manure as the only option to improve the
soil organic carbon for sustenance of soil quality and future agricultural productivity. Wam‐
bani et al. (2006) compared the effect of farmyard manure application with recommended rate
of inorganic fertilizer and it was discovered that the recommended rate of organic manure was
the most profitable and preferred by the farmers because of their low cost, availability of
organic manure and longer persistence of kales under these treatments.

Cremer et al; (1996) showed that cover crop residues interfere with the emergence of weed
through the allelopathic effect. In addition, Langdale et al. (1991) concluded that cover crops
reduced soil erosion by 62 per cent based on a comparison of bare soil and soil planted with a
cover crop in the south eastern United States. Results presented for the use of Tithonia and
legume cover crops shows increase grain yields significantly in Eastern Uganda (Delve and
Jama, 2002). Moreover, Cover crops can improve soil quality (Dabney et al. 2001), and when
planted at the beginning of the transition phase, may provide essential soil-building properties
and improve weed suppression (Barberi 2002; Martini et al. 2004); however, soil quality effects
and ability of cover crops to suppress weed species varies among cover crop species (Melander
et al, 2005; Snapp et al, 2005).

The results further shows that the use of organic agricultural practice covered fire (1.53,
SD=0.6), composting (1.60, SD=0.4), organic fertilizer (1.68, SD=0.9) and animal manure (1.71,
SD=0.3). Wilson (2007) found that flame weeding also called flame cultivation or flaming, is a
thermal physical control method that is part of the National Organic Program (NOP) under

Organic agriculture practices Mean SD

Minimum tillage 1.81 0.9

Crop rotation 1.80 0.7

Farm Sanitation 1.69 0.8

Intercropping 1.66 0.2

Green manure 1.60 0.9

Cover crop 1.55 0.8

Fire 1.53 0.6

Composting 1.60 0.4

Organic fertilizer 1.68 0.9

Animal manure 1.71 0.3

Mulching 1.79 0.6

Natural pesticides 0.36 0.6

Farm scaping 0.16 0.6

Bio control 0.13 0.3

Table 1. Distribution of the respondents by use of organic agricultural practices
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the organic foods production act of 1990. Flame weeding delays the presence of weeds in crop
beds by killing the weeds present before the crop has breached the soil. This can significantly
reduce hand-weeding labor costs. Farmers see the use of fire as an easy and faster method of
clearing the weeds, trees and bushes particularly at the on-set of planting season when the
land is prepared. Besides, some farmers believe that when the land is prepared with fire, the
ash of the weeds, trees or residues that were burnt will make the soil to be fertile. Farmers see
the use of fire for clearing as cost-effective compared to the use of hired labour. Anon (1999)
reported that in Iowa, farmer feedback on flame weeding has been positive however burning
as labour-saving tool to clear land and to prevent weed infestation is now being brought into
question and many development agencies now advocate no-burning. In the communities,
however, it is less a question of burning or no-burning but rather when, where, and how to
reduce its negative impact (Aalangdong et al., 1999). Some northern farmers have made a
conscious decision to cease bush burning with the aim of regenerating organic material (Millar
et al 1996). Singh (2003) noted that organic farmers in India reported the capacity of manure
(compost) to fulfil nutrient demand of crops adequately and promote the activity of beneficial
macro-and micro-flora in the soil. Also, Ouédraogo et al (2001) showed that farmer was aware
of the role of compost in sustaining yield and improving soil quality. However, lack of
equipment and adequate organic material for making compost, land tenure and the intensive
labour required for making compost are major constraints for the adoption of compost
technology. Olayide et al (2011) assessing farm-level limitations and potentials for organic
agriculture in northern Nigeria, discovered that the current levels of organic fertilizer use as
share of the minimum requirements for take-off for organic agriculture in Nigeria was low
despite its potentials.

Vanlauwe, (2004) noted that livestock manure is important in maintaining soil organic matter
levels, a critical factor in soil health. Additionally, Omiti et al, (1999) noted that animal manure
compost is the most common source of soil amendment in organic agriculture in Nigeria and
indeed Africa. Farmers are fully aware of the fertilizing value of animal manure as well as the
differences, for example, in nutrient release between the manures as also reported by Dittoh
(1999) and Karbo et al. (1999). However, Mafongoya et al (2006) reported that in Africa, though,
animal manure is one of the mostly used organic inputs, but as the need for increased agri‐
cultural production rises; it has been found to be limited in quality and quantity. Williams
(1999) reported similar result among farmers in semi-arid West Africa.

However the use of natural pesticides (0.36, SD=0.6), farm scaping (0.16, SD=0.6) and Bio
control (0.13, SD=0.3) were below the actual mean which indicate non-use by the farmers. This
may be because these practices do not fit in to the farming system in the study areas. It can
also be attributed to the technicality of the use of these practices usch that the application of
the practices and the associated legislation and the process of securing permission for the use
of these practices.
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5. Conclusions

The paper has shown the nature and trend of the use organic agricultural practices among
smallholder farmers in South Western Nigeria by highlighting organic agricultural practices
that are prominent and those that were less prominent as well as practices that are not in use.
Due to the prevailing opportunities and benefits associated with the use of these practices, this
paper recommend that farmers should increase their awareness and use of organic agricultural
practices.
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1. Introduction

Europe continent is covering more than 50 countries and the third most populous and the
world's second-smallest continent by surface area of which 28 belong to the European Union
(EU). The European Union reached its current size of 28 member countries with the accession
of Croatia on July 1, 2013. The EU was not always as big as it is today. When European countries
started to cooperate economically in 1951, only Belgium, Germany, France, Italy, Luxembourg
and the Netherlands participated. Since that day, more and more countries decided to join the
Union. As it known the European Union was built after the Second World War by the six
countries who signed the Treaty of Rome in 1957. Since its creation European agricultural
policy discussions have been dominated by the Common Agricultural Policy (CAP) has always
been adapted to respond to the challenges of its time. From its start in 1962, the CAP begins
to restore Europe’s capacity to feed itself. In the 1980s production control measures begin. The
CAP refocuses on quality, safety and affordability of food and on becoming greener, fairer and
more efficient. The EU’s role as the world’s biggest trader in farm goods gives it additional
responsibilities. A big CAP reform package in 1992 requires farmers to assume responsibility
for environment protection and sustainable agriculture [13].

Significant reforms have been also made in recent years, notably in 2003 and during the CAP
Health check in 2008, to modernise the sector and make it more market-oriented. The Europe
2020 strategy offers a new perspective. In this context, through its response to the new
economic, social, environmental, climate related and technological challenges facing our
society, the CAP can contribute more to developing intelligent, sustainable and inclusive
growth. The CAP must also take greater account of the wealth and diversity of agriculture in
the EU Member States. As a result it is adapted to meet the challenges ahead by being more
efficient and contributing to a more competitive and sustainable EU agriculture. EU agriculture

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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needs to attain higher levels of production of safe and quality food, while preserving the
natural resources that agricultural productivity depends upon [14]. As shown in Figure 1, in
the current situation economic, environmental and territorial challenges, sustainable use of
the environment, and sustainability development are among the most important objectives.

The above information shows that in the EU common agricultural policy are given high
importance such as sustainability, conservation of natural resources, safe food and quality food
production issues. For these reasons, organic agriculture is to serve the basic objectives of the
CAP. In this context, the development of organic agriculture is one of the important issues.
Therefore, a brief information on the subject is presented below.

Source [14]

Figure 1. The CAP post-2013: challenges to reform objectives

In recent years, the organic movement has increasingly become a focus of policy interest in
Europe. EU countries support organic farming through agri-environmental programmes and
action plans, among other instruments. These policy interventions aim at both supporting
consumer choice through development of the market for organic food and encouraging the
provision of public goods through support for organic land management [29]. At the EU level,
organic farming as a policy domain is a recent development, and arose when the CAP became
more sensitive to environmental issues. In consequence, the concept of organic farming is now
increasingly shaped by actors outside the organic movement.

The EU Action Plan for Organic Food and Farming was elaborated over a period of five years
from a first formulation of the idea at a European Conference in Vienna 1999 to the final
communication of the Commission in 2004. Organic action plans are widely used in Europe
as a means of integrating different policies that can be used to support organic food and
farming.
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At a global level, many countries have regulatory requirements similar to those in the EU,
and there are formal agreements covering trade in organic products between these countries.
The International Federation of Organic Agriculture Movements (IFOAM) has formulated
principles, sets international baseline standards, accredits national certification schemes to
facilitate international trade and collaborates with the UN Food and Agriculture Organisa‐
tion  (FAO)  and  other  international  organisations  to  harmonise  International  Organic
Standards [35].

2. An overview on organic agriculture

Overall for organic farming, could be called the oldest forms of agriculture on earth. But today,
this definition has become quite complex. In this context organic agriculture is a holistic
production management or agricultural production system that uses matter, energy knowl‐
edge and natural life for its production and processes and for providing services. Organic
agriculture is a farming system which promotes and enhances agro-ecosystem health,
including biodiversity, biological cycles, and soil biological activity. It emphasizes the use of
management practices in preference to the use of off-farm inputs, taking into account that
regional conditions require locally adapted systems [15]. This is accomplished by using, where
possible, agronomic, biological, and mechanical methods, as opposed to using synthetic
materials, to fulfill any specific function within the system. The production factor natural life
is considered here a natural resource with particular sets of characteristics that in order to
function effectively has to be respected [18]. To assess the resilience of a farming system,
various elements that can build resilience are identified and the analysis shows that organic
farming has a number of promising characteristics building resilience [33]. In general, the
relative importance of agriculture has decreased in all European countries over last decades.
However, 28 countries of the EU have significant shares in both export and demand of
agricultural products in the world [8, 22]. As a result, organic agriculture is very important
production system for health of human, food, soils and ecosystem.

Albert Howard is often referred as the father of the modern organic agriculture because first
he applies the modern scientific knowledge and method to traditional agriculture. He worked
as agriculture advisor from 1905-1924 in Bengal India where they documented the traditional
Indian farming practices and came to regard them as superior to their conventional agriculture
science. In Germany Rudoff Steiner’s development was probably first comprehensive system
of what we now call organic farming. Steiner emphasized the role of farmers in guiding and
balancing the interaction of the animals, plant and soil. Healthy animal depend on healthy
plant, health plant depends on healthy soil and health soil depends on healthy animal [24].

According to this, European organic agriculture emerged in 1924 based on the work of Rudolf
Steiner (1861-1925) delivered his bio-dynamic agriculture course (7-16 June 1924), at Koberwitz
in Silesia. His courses, the first known to have been given on organic agriculture. After Steiner,
was delivered by other persons on bio-dynamic agriculture in the 1930s and 1940s. Organic
agriculture was developed in Switzerland by Hans Mueller, in Britain by Eve Balfour and
Albert Howard and in Japan by Masanobu Fukuoka.
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In europe, numerous farms have started to convert to organic farming since 1960s, and
development of organic agriculture has been supported by goverment subsidies. In many other
countries, organic agriculture was adopted because of the growing demand for organic
products in Europe, North America and Japan [54].

Technological advances during Second World War accelerated post-war innovation in all
aspects of agriculture, resulting in large advances in mechanization, fertilization, and pesti‐
cides. In 1944, an international campaign called the Green Revolution was launched in Mexico
which encouraged the development of hybrid plants, chemical controls, large-scale irrigation,
and heavy mechanization in agriculture around the world. During the 1950s, sustainable
agriculture was a topic of scientific interest, but research tended to concentrate on developing
the new chemical approaches the one of the reasons for this, was the widespread belief that
high global population growth, would soon create worldwide food shortages unless human‐
kind rescue itself through agricultural technology. In 1962, Rachel Carson, a prominent
scientist and naturalist, published Silent Spring, chronicling the effects of DDT and other
pesticides on the environment [41]. In 1972, the International Federation of Organic Agricul‐
ture Movements (IFOAM) was founded and dedicated to spread principles and practices of
organic agriculture throughout the world. In the 1980s, around the world, farming and
consumer groups began seriously pressuring for government regulation of organic produc‐
tion. This led to legislation and certification standards being enacted through the 1990s and to
date. Since the early 1990s, the retail market for organic farming in developed economies has
been growing by about 20% annually due to increasing consumer demand.

In recent years, there has been growing trend in world trade for organic agricultural products
and EU countries rank in the first place in terms of organic agricultural trade. There has been
growing debate that using chemical inputs excessively following the green revolution in
agricultural production raised concerns on environment and human health. For this reason,
organic agriculture has developed rapidly and spread around the world [56] and organic
farming is considered an alternative production sysytem. In fact, demand for organic products
has increased tremendously in last a couple of decades.

IFOAM, International Federation of Organic Agriculture Movements established in 1972, a
non-profit organization, is a international umbrella organisation of organic agriculture
organisations, and has about 778 affiliates (members, associates, and supporters) in 117
countries [26]. The mission of this organization is to lead, unit and assist the organic movement
in its full diversity and its main goal is to enhance the worldwide adoption of ecologically,
socially and economically sound systems based on the principles of organic agriculture [25,
26]. As it seen, organic agriculture is not a temporary fashion since bio-dynamic farming was
introduced as early as in 1924. There are also other farms of organic farming with a long-
standing tradition such as organic-biological or environmentally adapted farming. Organic
farming is managed in harmony with nature and the agricultural holding is mainly perceived
as on organism comprising humans, flora, fauna and soil [3]. However, organic agriculture, a
new model for farming development, has set the goals such as minimization of environmental
pollution and sustainability of farming systems [56].
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In Turkey, organic agriculture has been started in 1985 with the aiming for mainly export
purposes. Turkish Association of Organic Agriculture Movements (ETO), a non-profit
organization of organic agriculture, established in 1992 after twenty years IFOAM [1, 11]. By
the Turkish Ministry of Food, Agriculture and Livestock, prepared the Regulation for plant
and animal production based on organic production methods in 1994 [2].

According to norms of EU-Regulation on organic production of agricultural products deter‐
mined on June 24th 1991 the regulation (EEC) NO. 2092/91 was published in the Official Journal
of the EU and became legally binding on January 1st 1993. Until then it was only valid for
organic plant products. The publishing of the regulation (EEC) No 1804/99 also included
organic livestock products. The regulations on livestock products became effective on August
24th 2000 [20].

Advisory or extension services have been developing for organic farming in developed and
developing countries. While this services have mainly provided by producer organizations
and special advisory firms in EU countries it is given by buyers of organic products products
in Turkey [39].

In this study, developments of organic farming in Eropean countries and European Union
members and Turkey were investigated with special attention given to advisory and extension
services. More specifically, advisory service providers, how these services provided and
similarities and differences were investigated between EU-28 countries, and Turkey.

3. Organic development

Evidence for significant environmental amelioration via conversion to organic agriculture is
very substantial, pesticides are virtually eliminated and nutrient pollution has been substan‐
tially reduced loss of biodiversity, wind and water erosion, and fossil fuel use and greenhouse
warming potential are all reduced in organic agriculture relative to comparable conventional
agriculture systems. As it given above the agroecological characteristics of organic agriculture
are reviewed-weed, invertebrate, disease, and soil fertility management practices. Yield
reductions of organic agriculture systems relative to conventional agriculture average 10-15%,
however these are generally compensated for by lower input costs and higher gross margins.
Large-scale conversion to organic agriculture would not result in food shortages and could be
accomplished with a reduction in meat consumption. Organic agriculture systems consistently
outperform conventional agriculture in drought situations, out-yielding conventional agri‐
culture by up to 100% [30]. One argument for supporting organic farming has been that it
requires more labour and leads to higher rural employment. On the other hand, the high labour
costs may constrain the development of the organic sector [27, 39].

Worldwide there are 1.8 million organic producers more than three quarters of the producers
are located in Asia, Africa and Latin America. The countries with most producers are India
(547591), Uganda (186625) and Mexico (169570). There has been 12% increase in number of
producer from 2010 to 2011. Total number of producers in 2000 were 0.25 million which and
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it was 1.8 in 2011, 34% are from Asia, 30% in Africa, 18% in Latin America, 16% in Europe and
1% in each Latin America and Oceania.

With regard to the growth of organic agriculture after first decade of 21st century organic
agriculture area has been trebled (37.2 million hectare in 2011) as compared to 1999 (11 million
hectare). According to the SOEL’s Survey results, more than 37.2 million hectares are managed
organically worldwide [57]. Among regions Oceania is the region with highest organic
agriculture area 12.2 m ha (32,8%) followed by Europe (10.6 million ha, 28,5%), Latin America
(6.9 million ha, 18,5%), Asia (3.7 million ha, 9,9%), North America (2.8 million ha, 7,5%) and
Africa (1.1 million ha, 3%).

Australia (12 million ha) followed by Argentina (3.8 million ha) and USA(1.9 million ha) are
the countries with highest share of organic agriculture land. The total share of top three
countries is 48 percent of world organic agriculture land and 70% of world organic agriculture
land is based in 10 countries with 26.3 million ha.

The world total organic agriculture land is just 0.9% of total agricultural land; again Oceania
is the region where organic agriculture land is 2.9% of total agriculture land followed by
Europe (2.2%) and Latin America (1.1%). China, Spain, Canada, France, Poland, Russia
Federation, Kazakhstan, Turkey and Romania are the countries where the rate of increase in
organic agriculture land is very high.

Much of the increase is occurring in third world countries where some farmers are attracted
to the export benefits of organic food production. Many governments have been encouraging
farmers to convert to organic farming for this reason, however, the study calls for a cautionary
approach for the potential of export markets is often overstated. Market growth rates are
slowing and supply-demand imbalances are expected to become a feature of the global organic
food industry. The global market is projected to continue to expand however at slower growth
rates. The industrialized world is expected to comprise most revenues, however, other regions
are expected to show high growth due to the growing popularity of regional markets. The
formation of trading blocs and convergence of consumer demand are also other main factors
stimulating demand in other countries [54, 39].

In European Union organic farming has been implemented in almost all countries, but five of
these countries – Spain, Italy, Germany, England and France-account for about 57.4% of total
organic farming area. Turkey with a 325 thousands hectares organic farming area has about
3.92% organic farming area compared to EU. With respect to organic farming enterprises, the
share of organic farms in Turkey is around 17% (Table 1). These indicators show that organic
farming has been realized in small scale. In fact, average farm size in Turkey (9.2 ha) is
significantly lower than that of EU-28 (39.7 ha).

Realizing that favorable climatic conditions and topografic structure in Turkey, organic
farming area is relatively low. In order to use organic farming more effectively and increaase
organic farming area in Turkey, suitable conditions need to be provided.
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Country
Organic Area Farm Avarage

Farm Size Scale (ha)Hectares % Number %

Spain 1330774 15.97 25291 12.05 52.6

Italy 1106684 13.28 43029 20.51 25.7

Germany 947115 11.37 21047 10.03 45.0

UK 721726 8.66 5156 2.46 140.0

France 677513 8.13 16446 7.84 41.2

Austria 518757 6.23 21000 10.01 24.7

Czech Republic 398407 4.78 2665 1.27 149.5

Sweden 391524 4.70 4816 2.30 81.3

Poland 367062 4.41 17092 8.15 21.5

Greece 326252 3.92 23665 11.28 13.8

Portugal 209090 2.51 1902 0.91 109.9

Romania 168288 2.02 3078 1.47 54.7

Finland 166171 1.99 4087 1.95 40.7

Latvia 160175 1.92 4016 1.91 39.9

Denmark 156433 1.88 2694 1.28 58.1

Slovakia 145490 1.75 363 0.17 400.8

Hungary 140292 1.68 1617 0.77 86.8

Lithuania 129055 1.55 2652 1.26 48.7

Estonia 66767 0.80 1277 0.61 52.3

Netherlands 51911 0.62 1413 0.67 36.7

Ireland 47864 0.57 1328 0.63 36.0

Belgium 41459 0.50 997 0.48 41.6

Slovenia 29388 0.35 2096 1.00 14.0

Croita 14193 0.17 885 0.42 16.0

Bulgaria 12320 0.15 379 0.18 32.5

Cyprus (South) 3816 0.05 732 0.35 5.2

Luxemburg 3614 0.04 77 0.04 46.9

Malta 26 0.00 12 0.01 2.2

Total EU-28 8307943 100.00 210501 100.00 39.7

Turkey 325 831 3.92 35 565 16.90 9.2

Source: [26, 57].

Table 1. The Avarage Scale and Number of Farm and Land Area Under Organic Management in EU and Turkey (2009)

In table 2, developments of organic farming in EU and Turkey were examined during last 14
years. Organic farming area and number of holdings main countries of the EU were showed
about 5.9 and 3.5 folds increases during 1995-2009. Turkey has experienced an increase in the
organic farming area (21.4 folds) but average organic farm size showed a decrease during the
same period.
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4. Organic product market

Worldwide organic food market has been significantly increasing. It is related to the commer‐
cial certified organic agriculture which has spread to over 130 countries worldwide. Sustained
high rates of growth in sales of certified organic products in the U.S. and worldwide, averaging
20-25% in each year since 1990, have spurred concomitant growth and activities in production,
processing, research, regulation and trade agreements, and exports. The global organic
products market value in 2001 was estimated to be $20 billion, and the organic products share
of total food sales is near 2% in the US and 1-5% in EU countries. Processed organic products
have shown particularly rapid growth, often over 100% annually [30]. In 2002, the global
market for organic food and drink was valued at $23 billion. Although production of organic
crops is in creasing across the globe, sales are concentrated in the industrialised parts of the
world. North America and Western Europe comprise the bulk of global revenues, however
consumer interest is growing in other regions [39].

As an illustration of the growing international trade for organic food, its sale at retail level
showed 2.5 folds increase from 9.5 billion dollars in 1996. Organic food sales mainly increased
in Western countries, USA, Japan and Australia, 2.2, 2.3, 2.5 and 3 folds respectively, and 5.3
folds in other countries. These values show that demand for organic products has been
growing and strong [39].

The Western European market for organic food and drink was traditionally the largest (44.3%)
in the world, however it has now been overtaken by North America (37.1%). European sales
of organic products were estimated to have expanded by about 8 percent in 2002 to reach $
10.5 billion [19, 44].

Today, globally market for certified organic foods and drinks has also become fourfold larger
as compared to 1999 (15billion USD) which is more than 63 billion USD in 2011 and largest
market were USA 21 billion euros of organic food sales. In Europe largest market were also
Germany 6.6 billion euros and France 3.8 billion euros of organic food sales. Highest per capita
consumption was recorded in Switzerland (177 Euros) and Denmark (162 Euros). Denmark,
Switzerland and Austria had highest shares of organic food sales [16].

It is related that organic imports into European Union members states from the developing
world are growing rapidly. Certification regulations for the import of organic products are

Countries/ Indicators 1995 2000 2004 2009 Growth rate (folds)

European Union

Organic area (ha) 1.407.850 3.944.953 4.792.381 8332166 5.2

Number of farms 59.752 138.919 139.046 209812 3.5

Turkey

Organic area (ha) 15.250 59.649 57.001 325.831 21.4

Number of farms 4.035 18.385 18.385 35.565 8.8

Source: [3, 13, 57].

Table 2. Development of Organic Agriculture in EU and Turkey

Organic Agriculture Towards Sustainability74

very rigorous and smallholder farmers, in common with all farmers7. Despite the develop‐
ments for organic sale in the world market, domestic market is not enough strong in Turkey
and almost all of the organic food is produced for export. During the period of 2000 and 2011,
organic food export in Turkey showed significant increases, rising from about 18 million to
200 million euros-an increase of nearly 11 folds. Turkey has mainly exported organic products
to Germany, the Netherlands, United Kingdom, Switzerland, Northern European countries,
USA, Canada, Australia and Japan are most important for Turkey. In 2023, export target of
Turkish organic production is 1.7 billion Euros [1, 19].

This structure shows that Turkey has not been using its organic farming potential very
efficiently. Main reasons for these can be stated as insufficient domestic demand and not using
proper extension systems and approaches etc. Furthermore, poor advisory services and limited
number of advisory activities are other factors that prevented the development of organic
farming in Turkey [39].

5. Advisory and extension services and legislation

Organic agriculture production has different features from than conventional farming. For that
reason it should be different extension and advisory services. Organic farming is realized
under controlled field and applied prespecified rules. Moreover, all stages of production need
to be documented. Therefore, producers and all involved firms or individuals in organic
production should have enough information and experience. For this reason, all fims or
individuals need to have cooperation with each others. In other words, producers are not
independent as in convetional production since organic production is a controlled production
system until the product reaches to consumers. There are some difficulties for organic
agriculture that is mainly stem from applying internaional standards, production, processing
and import of organic products, inspection procedures, labelling and marketing [39].

Especially two regulations on organic agriculture are significantly important, the US and the
EU legislation which influence strongly the standards of organic production and trade
worldwide. Production and inspection standards of US organic products, EU organic products
and organic products from a lot of other parts of the world are equivalent with each other. The
EU regulation on organic production and plant-animal products, and processed agricultural
goods imported into the EU were also investigated. In the member states of the European
Union (EU), the labelling of plant products as organic is governed by EU Regulation 2092/91,
which came into force in 1993, while products from organically managed livestock are
governed by EU Regulation1804/99, enacted in August 2000. Each European country is
responsible for enforcement and for its own monitoring and inspection the system. Applica‐
tions, supervision and sanctions are dealt with at regional levels. At the same time, each
country has the responsibility. All these regulations lay down minimum rules governing the
production, processing and import of organic products, including inspection procedures,
labelling and marketing [28].

As it noticed, producers, processors and export-import firms of organic products are respon‐
sible for certification bodies. Otherwise farmers or traders who want to export organic products
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should already with application for certification know the potential final destinations of their
products to assure that both production standards and procedures for imported products in
the aimed market are met.

In Turkey, on the other hand, the Ministry of Food Agriculture and Livestock provide
extension service at the national level. In addition, due to organic production is made mostly
for foreign markets, advisory and extension services for organic agricultural producers in
particular are provided by private companies who contract production. Therefore, beside the
Ministry, the exporter companies also provide extension service for organic farmers [9].

In Turkey, the Ministry takes a major role on extension services. According to 2006 regulation,
private advisory system and advisory companies are encouraged. But the support method
behind this policy is not yet enough to develop the system. Provincial directorates of the
Ministry gave organic training to 1214 employees in 2003-2009 periods. In addition, they
organized 2093 training programs for farmers and a total of 40.010 farmers were given training
related to organic farming between 2004 and 2009. These trainings are extremely important.
For this reason, the number of training activities and farmers’ participation must be increased.
Training activities should be more practical instead of giving theoretical information and
emphasis should be placed on improving the quality and effectiveness. To achieve this,
technical personnel in charge with organic agriculture departments must be provided with
adequate equipment and update their professional competencies to overcome with the
shortcomings in the sector. In order to develop the organic system in the central and provincial
levels, a strong extension model must be developed with adequate infrastructure, physical
equipment, and human resources. In order to institutionalize and build a suitable infrastruc‐
ture for organic farming an effective extension model must be developed. Because as it is in
developed countries, the development of organic agriculture in Turkey also depends on
farmers’ training and extension and advisory services provided for this purpose. Undertaking
this mission in our country for many years, and organized in every province and district, the
Ministry of Food Agriculture and Livestock has been carrying an important task [9].

Turkey may learn about expert knowledge and advisory systems in the EU and the roles of
the stakeholders. In the European Union, advisory services are provided by the ministries,
advisory companies working under ministries, agricultural chambers, private advisory firms,
and private advisors. There have been an increasing trend in private advisors and advisory
companies in Europe. Most of the countries want to decrease the effect of the state in advisory
services, Yet, even in North-West Europe were farmers are on average much, much better off
than Turkish farmers, only the most successful are prepared to fully pay their advisors. All
others, including most organic farmers, rely on the state to at least contribute substantially to
advisory systems. Often this is done as a project based support to research one of the many
open questions concerning organic agriculture. Organic farmers in Northern Germany have
therefore founded “Research and Advisory Associations” [48].

6. Advisory and extension services in Europe

Organic farming is not simple production activity for farmers becouse of they have a huge
experience of conventional farming. For that reason advisory and extension service is vital for
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farmers. Since organic farming is applied under strict rules, producers and processors need to
have high level of knowledge for organic farming. All the rules has to be performed and can
be controlled by certification firms. For these reasons, extension services need to be provided
by advisory units, having expert knowledge, in order to educate farmers and assure that
necessary information reach to farmers at proper time. Considering the importance of advisory
units, special advisory units specializing on organic farming has to be established [39].

The advisory services play an important role in transfering of scientific results into agricultural
practice, ideally it should be the link between practice and research. The organic advisory
services are quite well developed in the German language and in the Nordic countries which
is partly integrated into the conventional advisory service. Most development in terms of
advisory service is needed in the countries of southern Europe [55].

Based on development levels, countries use different extension sytems and approaches [36].
When organic farming is evaluated for farmers training and extension, fourteen major subjects
should be considered:

• adopting an organic farming philosophy to farmers

• training of farmers for organic farming [39]

• training of organic farming for conventional farmers

• training of processors of organic production [39]

• teaching the benefits of organic farming to supermarket chains

• training of trainers on organic farming [39]

• training of researchers and extension worker or adviser on organic farming

• teaching the benefits of organic products to children

• making awareness of consumers on organic products [39]

• developing awareness of policy maker on organic sector

• developing awareness of all relevant direct and indirect stakeholders on organic products

• organizing promotional and educational activities (urban extension) for enhancing domes‐
tic and foreign markets

• considering the use of information technology and internet in this subject [39]

• developing awareness to cooperate all relevant public, farmers' organization, and private
sector on organic products.

One of the major aims of this study is to examine advisory services for organic agriculture in
EU member states and Turkey. These advisory units were examined in four groups based on
services provided to farmers such as fundemantal knowledge required for organic farming,
increasing problem solving ability of farmers, deciding suitable product variety and purchas‐
ing production inputs. These four groups were determined as Private advisory services,
Farmer’s organizations, Ministries of agriculture and Others. In table 3, advisory service units
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necessary information reach to farmers at proper time. Considering the importance of advisory
units, special advisory units specializing on organic farming has to be established [39].
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practice, ideally it should be the link between practice and research. The organic advisory
services are quite well developed in the German language and in the Nordic countries which
is partly integrated into the conventional advisory service. Most development in terms of
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sector on organic products.

One of the major aims of this study is to examine advisory services for organic agriculture in
EU member states and Turkey. These advisory units were examined in four groups based on
services provided to farmers such as fundemantal knowledge required for organic farming,
increasing problem solving ability of farmers, deciding suitable product variety and purchas‐
ing production inputs. These four groups were determined as Private advisory services,
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in EU and some other European countries and Turkey were presented. All countries have more
than one or more advisory units having different characteristics.
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In order to see the number and share of these units, table 4 was produced from the table 3.
Similar units according to management and functions were considered in the same group.

Advisory Service

The number of advisory unit service

(European Union)

The number of advisory

unit service

Europe

(34 Countries)

EU-15

(a)

EU-13

(b)

EU-28

(a+b)

Number
Share

(%)
Number

Share

(%)
Number

Share

(%)
Number Share (%)

Private services 14 35.9 12 37.5 26 36.6 29 34.9

Farmer’s organization 12 30.8 7 21.9 19 26.8 21 25.3

Ministry of agriculture 6 15.4 13 40.6 19 26.8 25 30.1

Others 7 17.9 0 0.0 7 9.9 8 9.6

Total 39 100.0 32 100.0 71 100.0 83 100.0

Table 4. Distribution of Advisory Units in European Countries

As shown in table 4, the most important advisory units in EU-15 are private advisory services
(35.9%) and farmer’s organizations (30,8%). These units are followed by the ministry of
agriculture (15.4%) and others (17.9%). But the situation for the EU-13 is different, the main
advisory units are private advisory services (37,5%) and ministry of agriculture (40,6%). These
units are followed by farmer’s organizations (21,9%). When all EU Members and non-member
European countries are considered together, the most important advisory units are private
advisory services (34.9%) and ministry of agriculture (30,1%). These units are followed by
farmer’s organizations (25.3%) and others (9.6%). As can be seen in tables 3 and 4, there are
some differences between the first 15 members of the European Union (EU-15) and the 13
countries. These differences are related with their extension systems. Especially after 2004, the
higher presence of the ministry of agriculture was interesting in the farmer’s organization.

Generally, in the group of private advisory, the most important services provided are called
Private consulting advisory firms and conventional advisory firms, however, Organic
agriculture consulting units and Organic Producer organizations are important services in the
farmer’s organizations. In the ministries, the most important services are Ministry of Agricul‐
ture in organic farm unit and Regional agriculture authorities in districts.

Since organic farming is mainly considered for export purposes, advisory services for organic
products have been implemented by Private firms via contract farming (foreign exporter firms)
which is the most important advisory unit for contract farmers. For this reason, advisory units
have been mainly formed and managed by importing firms in Turkey.

In addition to this, Ministry of Food Agriculture and Livestock has been conducting advisory
services for organic agriculture with cooperation of Universities and Turkish Association of
Organic Agriculture Movements (ETO). It is expected that these units will have significant
importance in providing extension services in Turkey. However, the major difference bettween
EU-15 countries and Turkey is the lack of producer organizations in Turkey.
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in EU and some other European countries and Turkey were presented. All countries have more
than one or more advisory units having different characteristics.
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In order to see the number and share of these units, table 4 was produced from the table 3.
Similar units according to management and functions were considered in the same group.

Advisory Service

The number of advisory unit service

(European Union)

The number of advisory

unit service
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(a)

EU-13

(b)

EU-28

(a+b)

Number
Share

(%)
Number

Share

(%)
Number

Share

(%)
Number Share (%)

Private services 14 35.9 12 37.5 26 36.6 29 34.9

Farmer’s organization 12 30.8 7 21.9 19 26.8 21 25.3

Ministry of agriculture 6 15.4 13 40.6 19 26.8 25 30.1
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countries. These differences are related with their extension systems. Especially after 2004, the
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products have been implemented by Private firms via contract farming (foreign exporter firms)
which is the most important advisory unit for contract farmers. For this reason, advisory units
have been mainly formed and managed by importing firms in Turkey.

In addition to this, Ministry of Food Agriculture and Livestock has been conducting advisory
services for organic agriculture with cooperation of Universities and Turkish Association of
Organic Agriculture Movements (ETO). It is expected that these units will have significant
importance in providing extension services in Turkey. However, the major difference bettween
EU-15 countries and Turkey is the lack of producer organizations in Turkey.
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7. The public extension model for organic agriculture of Turkey

In Turkey, mostly extension and advisery services for organic agriculture are implemented by
public (the Ministry of Food Agriculture and Livestock). In order to institutionalize and build
a suitable infrastructure for organic farming an effective and applicable extension model must
be developed for the country. Because as it is in developed countries, the development of
organic agriculture in Turkey also depends of farmers’ training and extension and advisory
services provided for this purpose. Undertaking this mission in our country for many years,
and organized in every province and district, the Ministry of Food Agriculture and Livestock
has been carrying an important task and the organic farming units of the Ministry are carrying
out their mission.

Currently organic agriculture units in 81 provinces mostly employed in Farmer Training and
Extension Division are serving as extension agents. In general, except a couple of provinces,
2-5 personnel are working in organic farming units. These aren’t completely devoting their
efforts for extension activities but for some other departmental work. Considering provincial
potential of organic farming and personnel status of each province, the number of personnel
working for organic units must be arranged. The determined leader provinces will also make
contributions to the neighboring provinces due to similarities in environmental conditions and
agricultural structures [9]. Therefore, these provinces can be identified as “Organic Farming
Central Provinces” (OFCP). Administratively no province will supersede each other but the
provincial directorates will work in a cooperative way with a professional manner (Figure 2).
Once the professional staff members of OFCP work effectively, they will probably develop
organic farming in their own province and will make further contributions to neighboring
cities. In this way professional staff of organic farming units working in provinces with lower
and/or uneconomical organic potential may concentrate on other activities. In addition, the
TARGEL (public extension) personnel must also be used for organic agriculture especially in
villages with high organic potential. All this process will increase the effectiveness of extension
services and will contribute to organic farming as well as proper use of human resources in
the Ministry.

In the new suggested extension advisory system, the following measures must be taken to
make the personnel of OFCP and OFU work effectively [9, 38]:

• Ensuring full-time work in organic agricultural extension: Among the other duties and respon‐
sibilities, personnel working in organic farming must perform two major tasks; control and
advisory. However, according to agreement with the international sense, control and
extension duties and responsibilities should not be undertaken by the same personnel. The
control function is completely different from the advisory function. In this case, the
extension advisor and the controller must be different people and independent of each other.
Accordingly, workload of the personnel working in the field of organic agriculture must be
reduced.

• Technical information capacity must be increased: In every region there is a need of expertise
and technical information in organic farming activities. Therefore, personnel working for
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the extension services of organic farming must be provided with technical information and
update their professional competencies.

• Personnel must be gained practical skills and field experience: Beside theoretical information,
technical staff must be trained in the field to gain practical experiences, particularly for the
specific region. They also must participate in hands-on training activities and be able to
apply their skills in the field.

• Adoption of participatory extension approaches: It is important to utilize the positive sides of the
participatory extension approaches. These approaches require institutional changes and
appropriate arrangements for the implementation. In this way, participatory approaches
must be taught to extension personnel and the efficiency of extension work must be
increased.

• Continuous in-service education to update and upgrade occupational knowledge of extension
personnel: In order to develop well-educated and skillful extension personnel extension staff
must be given in-service education in certain times. In order for the extension personnel to
use proper extension methods and to give farmers correct information them must take a
“training of trainers” program. This can be possible with adoption of continuous education
programs [9, 38].

As it can be seen, if the public wants to provide effective extension or advisory services for
organic agriculture the most appropriate model should be develop or use in the actual
conditions in Turkey.

Figure 2. Re-organizing public extension for organic farming in Turkey38.
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8. Conclusions

As a result, the main objective of organic farming is to optimize the life circle and to establish
a sustainable farming system for the health and productivity of societies of plants, animals and
people. Accordingly healthy food and in this context organic agricultural products are vital
for all nations. Communities are willing to consume more healthy foods that has been
controlled by government or related organizations. Nowadays the quality of food is an
emerging trend for consumers especially in developed nations. For this reason, farmers as a
food producers are required to benefit from the education and extension services more
frequently.

Demand for organic food has been increasing not only in developed but also in developing
countries in the last two or three decades. Due to characteristics of organic farming, advisory
units has to be establish at the production decision.

Because of high price, the demand for organic food is not expected to increase in a short period
of time in Turkey. However, increasing awareness of consumers to health concern might
stimulate the demand for organic products in the long term. Regarding advisory units, the
approaches used in the EU countries might be used in Turkey such as establishing farmers
and private organizations [39].

The contract farming approach which was initiated by importing firms must be considered for
Turkey’s organic sector. Furthermore, there is a urgent need to stress on encouraging advisory
units to achieve the competitiveness and efficiency.

Both, the EU and other countries, it is necessary to benefit from the experiences. Establishing
a network to share experiences would be useful to every country.

Participatory extension approaches which are very effective, would be very helpful in the use
of organic agricultural producers. Farmers’ organizations can play an important role to
increase the efforts unfortunately these organizations are not effective. Countries should
contribute to the development of organic farming because domestic demand for organic
agricultural products has been increasing day by day. Each country according to their own
conditions to establish the most effective advisory system.
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Lithuanian Organic Agriculture in the Context of
European Union

Vytautas Pilipavičius and Alvydas Grigaliūnas

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/58352

1. Introduction

Organic agriculture is a production system that sustains the health of soils, ecosystems and
people.  It  relies  on ecological  processes,  biodiversity  and cycles  adapted to  local  condi‐
tions,  rather  than  the  use  of  inputs  with  adverse  effects.  Organic  agriculture  combines
tradition,  innovation  and  science  to  benefit  the  shared  environment  and  promote  fair
relationships and a good quality of life for all involved (As approved by the IFOAM General
Assembly in Vignola, Italy in June 2008) [1]. The growing criticism of intensive agricultur‐
al practices that leads to a deterioration of natural resources and a decrease of biodiversi‐
ty  has  progressively  led  to  more  environmental  constraints  being  put  on  agricultural
activities  through  an  “ecologization”  of  agricultural  policies  [2].  Organic  agriculture
nowadays is well accepted in governmental and scientific institutions, and organic products
are highly appreciated by consumers [3]. Organic agriculture can contribute to solving the
food crisis and mitigating global climate change as long as it is based on the principles of
agroecology. However, organic agriculture must also be integrated with certain convention‐
al  agricultural  practices  in  order  to  maintain  rational  production  and  satisfy  the  food
requirements of the population [4].

Organic agriculture is the form of farming that sees nature as a living organism. Determination
of further health and productivity of this organism differs from that in conventional agricul‐
ture. It is a versatile system that supplements and conditions the environment friendly
measures enabling regulation of ecological system. At the same time application of chemical
synthetically measures can be abandoned. Ecological system must be maintained, preserved
and rebuilt as completely as possible as we are absolutely dependent on its functioning. This
trend of farming requires general systematic way of thinking – the course of the entire process
should be considered when applying each measure [5]. The goal of organic farming is to give

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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priority to long-term ecological health, such as biodiversity and soil quality, rather than short-
term productivity gains [6, 7]. In low potential agricultural areas characterized by soil degra‐
dation and erosion, organic agriculture can provide a means to break the downward spiral of
resource degradation and poverty [8]. Organic farming represents an innovation in agriculture
that is both lauded and deplored. Agricultural innovations are accepted on four broad levels:
research, extension, farmer and community (not necessarily in that order) [7]. The implemen‐
tation of European legislation as well as various national pesticide action plans and public
policies pertaining to organic agriculture, could bring about major changes to agricultural
practices within the coming years [2].

Farming is only considered to be organic at the EU level if it complies with Council Regulation
(EC) No 834/2007 [9] amended in (EU) No 1030/2013 [10], which has set up a comprehensive
framework for the organic production of crops and livestock and for the labelling, processing
and marketing of organic products, while also governing imports of organic products into the
EU. The detailed rules for the implementation of this Regulation are laid down in Commission
Regulation (EC) No 889/2008 [11] amended in commission implementing regulation (EU) No
392/2013 [12].

Many of the environmental problems of great concern today are either directly or indirect‐
ly related to past and present agricultural practices. The only way to preserve the nature
and especially agrocenosis for future generations in the XXI century is organic sustaina‐
ble development.

2. Material and methods

The area of study is Lithuanian organic agriculture in the context of European Union that
Lithuania joined in 2004.

Lithuanian territory situated between 56°27’N and 53°53’N latitude, 20°56’E and 26°50’E
longitude occupies intermediate geographical position between west Europe oceanic climate
and Eurasian continental climate. Climate of the Lithuanian territory forms in different
radiation and circulation conditions. Differences in these conditions hardly cross the bounda‐
ries of microclimatic differences; therefore, Lithuania belongs to western region of the Atlantic
Ocean continental climatic area [13, 14] with average annual precipitation of 675 mm (572-907
mm) and temperature of 6-7 °C.

A review of the scientific literature on organic agriculture and the research on the development
and perspectives of Lithuanian organic agriculture are evaluated. Statistical information is an
important tool for understanding and quantifying the impact of political decisions in a specific
territory or region [15].

In the manuscript statistical data of organic agriculture of Lithuania and European Union are
analysed scientifically and analytically with interpretation of praxis.

Organic Agriculture Towards Sustainability90

3. Development of organic agriculture

To make spread and development of alternative agriculture in the world easier the Interna‐
tional Federation of Organic Agriculture Movement IFOAM was established in 1972. This
federation unites majority of alternative agriculture movements in different states. At present
IFOAM includes over 700 organizations of alternative-ecological agriculture from more than
100 countries. Several directions of IFOAM activity cover consulting, data exchange and
standardization [5].

The area of certified organic agricultural land in the world continuously is tending to increase
(Figure 1). During ten years period from 1999 to 2009 organic agricultural area increased by
3.4 times and reached 37.2 million hectares.

Sharp development of organic agriculture lightly moved to more balanced development while
increase in organic area from 2008 to 2009 already consisted 5.7%. Such dynamics is in
conformity with the organic area development in Europe (Figure 2) and separate countries
(Figure 6), as well as in Lithuania (Figure 7).
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Figure 1. Development of organic agricultural land 1999-2009 in the world [16]; Source: FiBL, IFOAM and SOEL
2000-2011; www.fibl.org

Area of certified organic agricultural land in Europe increased by million hectares or 12 percent
from 2008 to 2009 (Figure 2) while in early years (2005, 2006, 2007, 2008) increase consisted of
6.4-7.3%. The organic area 2009 in Europe covered 9.3 million hectares while European Union
countries covered 8.4 million hectares from them. The geographical distribution of area and
share of organic agriculture in Europe by country in 2009 is presented in figure 3. The biggest
organic areas were established in Spain, Italy and Germany.

Geographical distribution of fully converted organic crop area in 2012 in EU is presented
in figure 4 and share of organic agriculture in percent (Figure 5). It showed that the highest
certified  organic  agricultural  areas  are  in  Italy,  Spain,  Poland,  France  and  the  United
Kingdom. However, share of total utilized agricultural area occupied by organic farming
in Italy, Spain, Poland, France and the United Kingdom were 8.9%, 7.5%, 4.6%, 3.6% and
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3.4% accordingly (Figure 6).  The highest  share from total  agricultural  land area in 2012
were in Austria 18.6%, Sweden 15.8%, Estonia 14.9% and Czech Republic 13.1%. The least
managed organic areas were fixed in Malta and Bulgaria (till 1%). EU-28 average covered
5.7% in 2012 (Figure 6).

Lithuanian organic agriculture area development was extremely rapid from the start of organic
agriculture as a farming form in 1990 [17]. From 2004 till 2012 area of organic agriculture in
Lithuania increased 3.8 times till 162655 hectares in 2012 (Figure 7). Contrary to continuously
increase of organic area the organic farm number has tendency to decrease from reached
maximum 2855 farms in 2007 while 2511 farms left in 2012. Therefore, the average size of
certified organic farm in Lithuania constantly increased and in 2012 already covered 64 ha
(Figure 8). The distribution of certified organic farms in Lithuania according to the farm size
in hectares is presented in figure 9. The most organic farms (47%) operated area is till 30 ha.
Organic farms with 31-50 ha, 51-100 ha and 101-300 ha covered 16.5%, 17.0% and 16.5%
respectively. The biggest organic farms with the area above 300 hectares make 2.5% of the
general number of organic farms in Lithuania (Figure 9).

The average size of organic agricultural holdings in 2007 was 37 ha for the EU-27 as a whole,
compared to 13 ha for all agricultural holdings [19]. The average size of each agricultural
holding (farm) in the EU-28 was 14.2 hectares in 2010 [20]. In general, the average size of
holdings in the organic sector was larger in most of the Member States and smaller only in
Denmark, France and Luxembourg. The most noticeable differences were seen in the Czech
Republic (223 ha compared to 89 ha) and Slovakia (421 ha compared to 28 ha), (Figure 10). One
possible reason for these sometimes big differences is the use of a more extensive method of
farming within the organic sector [19].
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Figure 1. Development of organic agricultural land 1999-2009 in the world [16]; Source: FiBL, 
IFOAM and SOEL 2000-2011; www.fibl.org  
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3.4% accordingly (Figure 6).  The highest  share from total  agricultural  land area in 2012
were in Austria 18.6%, Sweden 15.8%, Estonia 14.9% and Czech Republic 13.1%. The least
managed organic areas were fixed in Malta and Bulgaria (till 1%). EU-28 average covered
5.7% in 2012 (Figure 6).

Lithuanian organic agriculture area development was extremely rapid from the start of organic
agriculture as a farming form in 1990 [17]. From 2004 till 2012 area of organic agriculture in
Lithuania increased 3.8 times till 162655 hectares in 2012 (Figure 7). Contrary to continuously
increase of organic area the organic farm number has tendency to decrease from reached
maximum 2855 farms in 2007 while 2511 farms left in 2012. Therefore, the average size of
certified organic farm in Lithuania constantly increased and in 2012 already covered 64 ha
(Figure 8). The distribution of certified organic farms in Lithuania according to the farm size
in hectares is presented in figure 9. The most organic farms (47%) operated area is till 30 ha.
Organic farms with 31-50 ha, 51-100 ha and 101-300 ha covered 16.5%, 17.0% and 16.5%
respectively. The biggest organic farms with the area above 300 hectares make 2.5% of the
general number of organic farms in Lithuania (Figure 9).

The average size of organic agricultural holdings in 2007 was 37 ha for the EU-27 as a whole,
compared to 13 ha for all agricultural holdings [19]. The average size of each agricultural
holding (farm) in the EU-28 was 14.2 hectares in 2010 [20]. In general, the average size of
holdings in the organic sector was larger in most of the Member States and smaller only in
Denmark, France and Luxembourg. The most noticeable differences were seen in the Czech
Republic (223 ha compared to 89 ha) and Slovakia (421 ha compared to 28 ha), (Figure 10). One
possible reason for these sometimes big differences is the use of a more extensive method of
farming within the organic sector [19].
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Geographical distribution of fully converted organic crop area in 2012 in EU is presented in figure 4 
and share of organic agriculture in percent (Figure 5). It showed that the highest certified organic 
agricultural areas are in Italy, Spain, Poland, France and the United Kingdom. However, share of total 
utilized agricultural area occupied by organic farming in Italy, Spain, Poland, France and the United 
Kingdom were 8.9%, 7.5%, 4.6%, 3.6% and 3.4% accordingly (Figure 6). The highest share from 
total agricultural land area in 2012 were in Austria 18.6%, Sweden 15.8%, Estonia 14.9% and Czech 
Republic 13.1%. The least managed organic areas were fixed in Malta and Bulgaria (till 1%). EU-28 
average covered 5.7% in 2012 (Figure 6).  
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Source: Eurostat (Available from: 
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Figure 5. Share (%) of agricultural area under organic farming in European Union, 2012.  
Source: Eurostat (Available from: 
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Figure 6. Share of total utilized agricultural area (UAA) occupied by organic farming (fully 
converted and under conversion) in per cent (%) 2010-2012.  
Note. * - data not available, ** - 2009, *** - 2005; Source: Eurostat (Available from: 
<http://epp.eurostat.ec.europa.eu/tgm/table.do?tab=table&init=1&plugin=0&language=en&pcode=ts
dpc440>)  
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Figure 7. Dynamics of certified organic agriculture farms number and area (fully converted and 
under conversion) during 2004-2012 in Lithuania including area of fishery farms [18]; Source: 
Ekoagros.  
 
 
The average size of organic agricultural holdings in 2007 was 37 ha for the EU-27 as a whole, 
compared to 13 ha for all agricultural holdings [19]. The average size of each agricultural holding 
(farm) in the EU-28 was 14.2 hectares in 2010 [20]. In general, the average size of holdings in the 
organic sector was larger in most of the Member States and smaller only in Denmark, France and 
Luxembourg. The most noticeable differences were seen in the Czech Republic (223 ha compared to 
89 ha) and Slovakia (421 ha compared to 28 ha), (Figure 10). One possible reason for these 
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under conversion) during 2004-2012 in Lithuania including area of fishery farms [18]; Source: 
Ekoagros.  
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89 ha) and Slovakia (421 ha compared to 28 ha), (Figure 10). One possible reason for these 

Figure 7. Dynamics of certified organic agriculture farms number and area (fully converted and under conversion)
during 2004-2012 in Lithuania including area of fishery farms [18]; Source: Ekoagros.sometimes big differences is the use of a more extensive method of farming within the organic sector 

[19].  
 

6055
64

50

0
10
20
30
40
50
60
70

2009 2010 2011 2012 Year
O

rg
an

ic
 fa

rm
 si

ze
, h

a
 

Figure 8. Average size of certified organic farms in Lithuania, including area of fishery farms [18]; 
Source: Ekoagros 
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Figure 9. Differentiation of certified organic farms in Lithuania according to the farm size in hectares 

2012 [18]; Source: Ekoagros.  
 
 

 
 
Figure 10. Average size of agricultural holdings/farms in European Union, 2007 (ha/holding)  
Note. Organic area: DK, MT data 2006; Organic holdings: MT data 2006; PL data 2008 [19];  
Source: Eurostat (food_act2, food_in_porg1, ef_ov_kvaaesu)  
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Geographical distribution of fully converted organic crop area in 2012 in EU is presented in figure 4 
and share of organic agriculture in percent (Figure 5). It showed that the highest certified organic 
agricultural areas are in Italy, Spain, Poland, France and the United Kingdom. However, share of total 
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Kingdom were 8.9%, 7.5%, 4.6%, 3.6% and 3.4% accordingly (Figure 6). The highest share from 
total agricultural land area in 2012 were in Austria 18.6%, Sweden 15.8%, Estonia 14.9% and Czech 
Republic 13.1%. The least managed organic areas were fixed in Malta and Bulgaria (till 1%). EU-28 
average covered 5.7% in 2012 (Figure 6).  
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increased 3.8 times till 162655 hectares in 2012 (Figrure 7). Contrary to continuously increase of 
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2007 while 2511 farms left in 2012. Therefore, the average size of certified organic farm in Lithuania 
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organic farms in Lithuania according to the farm size in hectares is presented in figure 9. The most 
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hectares make 2.5% of the general number of organic farms in Lithuania (Figure 9). 
 

Source: Eurostat (Available from: <http://epp.eurostat.ec.europa.eu/tgm/mapToolClosed.do?tab=map&init=1&plu‐
gin=0&language=en&pcode=tsdpc440&toolbox=legend>)

Figure 5. Share (%) of agricultural area under organic farming in European Union, 2012.

Organic Agriculture Towards Sustainability94

0
2
4
6
8
10
12
14
16
18
20

EU-
28

EU-
27

BE BG CZ DK DE EE IE EL ES FR HR IT CY LV LT LU HU MT NL AT PL PT RO SI SK FI SE UK IS* NO** CH***

% 2010 2011 2012
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Figure 7. Dynamics of certified organic agriculture farms number and area (fully converted and 
under conversion) during 2004-2012 in Lithuania including area of fishery farms [18]; Source: 
Ekoagros.  
 
 
The average size of organic agricultural holdings in 2007 was 37 ha for the EU-27 as a whole, 
compared to 13 ha for all agricultural holdings [19]. The average size of each agricultural holding 
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Note. *-data not available, **-2009, ***-2005; Source: Eurostat (Available from: <http://
epp.eurostat.ec.europa.eu/tgm/table.do?tab=table&init=1&plugin=0&language=en&pcode=tsdpc440>)

Figure 6. Share of total utilized agricultural area (UAA) occupied by organic farming (fully converted and under con‐
version) in per cent (%) 2010-2012.

0
2
4
6
8
10
12
14
16
18
20

EU-
28

EU-
27

BE BG CZ DK DE EE IE EL ES FR HR IT CY LV LT LU HU MT NL AT PL PT RO SI SK FI SE UK IS* NO** CH***

% 2010 2011 2012

 
 
Figure 6. Share of total utilized agricultural area (UAA) occupied by organic farming (fully 
converted and under conversion) in per cent (%) 2010-2012.  
Note. * - data not available, ** - 2009, *** - 2005; Source: Eurostat (Available from: 
<http://epp.eurostat.ec.europa.eu/tgm/table.do?tab=table&init=1&plugin=0&language=en&pcode=ts
dpc440>)  
 
 

127362125457

102120

69430

42955

149096
134955

157995

162655

2598 2511
2668267928052855

2348

1811

1178

0

25000

50000

75000

100000

125000

150000

2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

C
er

tif
ie

d 
fa

rm
 a

re
a,

 h
a

0

500

1000

1500

2000

2500

3000

C
er

tif
ie

d 
fa

rm
 n

um
be

r, 
fa

rm
s

Certified area, ha Certified farm number, farms

Figure 7. Dynamics of certified organic agriculture farms number and area (fully converted and 
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Ekoagros.  
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Figure 8. Average size of certified organic farms in Lithuania, including area of fishery farms [18]; 

Source: Ekoagros 
 

1169

51 13

410409 422

0
200
400
600
800

1000
1200
1400

0-30 ha 31-50 ha 51-100 ha 101-300 ha 301-500 ha > 500 ha

Fa
rm

 n
um

be
r, 

fa
rm

s

Certified farm number by the farm size in ha, farms

 
Figure 9. Differentiation of certified organic farms in Lithuania according to the farm size in hectares 

2012 [18]; Source: Ekoagros.  
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Note. Organic area: DK, MT data 2006; Organic holdings: MT data 2006; PL data 2008 [19];  
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Figure 10. Average size of agricultural holdings/farms in European Union, 2007 (ha/holding)

4. Organic crop production

4.1. Dynamics of organic agriculture crop structure and distribution

The structure of agriculture in the Member States of the European Union varies as a function
of differences in geology, topography, climate and natural resources, as well as the diversity
of regional activities, infrastructure and social customs. There were 12.2 million farms across
the EU-28 in 2010, working 174.1 million hectares of land (the utilised agricultural area) or
two fifths (40.0 %) of the total land area of the EU-28 [20]. Farming land covers nearly 54%
of the total area of Lithuania, with arable land and grassland accounting for 70% and 27%
respectively.
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The organic crop area structure and its dynamics in Lithuania from 2008 to 2012 are presented
in figures 11, 12, 13 and 14. The main crop by the occupied area covered soil productivity
exhausting cereals (spica cereals). They covered 49% in 2008 (Figure 11) and slightly decreased
till 46% in 2010 (Figure 12). In 2011 cereals covered only 36% (Figure 13) and it was positive
turn concerning the soil productivity preservation. The decrease of cereals in the crop structure
in 2011 mostly was influenced by the drastically increase of medicinal and potherbs area in
the crop structure from 0.55% in 2008 to 5.01% in 2010 and to 15.94% in 2011. The reason of
such rapid increase in organic medicinal herb area could be 3 times higher subsides than for
organic cereals (see table 6). However, difficulties in growing and processing of medicinal and
potherbs as well still limited local market for medicinal and potherbs because of much higher
price turn its area back to 4.12% in 2012 (Figure 14). Parallel area of the cereals in organic crop
structure increased back till 43%. Vegetables are still not common in Lithuanian organic
agriculture with range of 0.38%-0.30% in crop structure; at the European level organically
grown vegetables unfortunately take analogous position (Figure 15). The permanent crops in
Lithuania have tendency to decrease from 4.3% (2008) to 3.26% (2012) as orchards (from 1.02%
to 0.74%) and small-fruit plants (from 3.28% to 2.52%) while in Europe organic permanent
crops in 2009 increased to 11% (Figure 15) compared with 2008 (Figure 16).
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Figure 11. Organic crop area structure including fallows and ponds in Lithuania 2008. Source: 
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The next very important component in the organic crop structure is permanent grassland. At
the European level organic permanent grassland takes fine 46% (Figure 15) while in Lithuania
26% in 2012 (Figure 14) that show slow but continuously increase from 20.8% in 2008 (Figure
11 and 16). To control organic agriculture as producing system it was introduced requirements
of minimal plant density in the crop which is much lower than optimal crop density. Therefore,
crops of inadequate plant density cover very low area – only 0.18% – 0.48% (Figure 11-13) and
come to praxis exceptionally because of very unfavourable meteorological conditions of the
year or season. It helps to prevent organic agriculture from unfair farming as well subsidies
for such areas are suspended.
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sometimes big differences is the use of a more extensive method of farming within the organic sector 
[19].  
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Figure 8. Average size of certified organic farms in Lithuania, including area of fishery farms [18]; 

Source: Ekoagros 
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Figure 9. Differentiation of certified organic farms in Lithuania according to the farm size in hectares 

2012 [18]; Source: Ekoagros.  
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Figure 10. Average size of agricultural holdings/farms in European Union, 2007 (ha/holding)

4. Organic crop production

4.1. Dynamics of organic agriculture crop structure and distribution

The structure of agriculture in the Member States of the European Union varies as a function
of differences in geology, topography, climate and natural resources, as well as the diversity
of regional activities, infrastructure and social customs. There were 12.2 million farms across
the EU-28 in 2010, working 174.1 million hectares of land (the utilised agricultural area) or
two fifths (40.0 %) of the total land area of the EU-28 [20]. Farming land covers nearly 54%
of the total area of Lithuania, with arable land and grassland accounting for 70% and 27%
respectively.

Organic Agriculture Towards Sustainability96

The organic crop area structure and its dynamics in Lithuania from 2008 to 2012 are presented
in figures 11, 12, 13 and 14. The main crop by the occupied area covered soil productivity
exhausting cereals (spica cereals). They covered 49% in 2008 (Figure 11) and slightly decreased
till 46% in 2010 (Figure 12). In 2011 cereals covered only 36% (Figure 13) and it was positive
turn concerning the soil productivity preservation. The decrease of cereals in the crop structure
in 2011 mostly was influenced by the drastically increase of medicinal and potherbs area in
the crop structure from 0.55% in 2008 to 5.01% in 2010 and to 15.94% in 2011. The reason of
such rapid increase in organic medicinal herb area could be 3 times higher subsides than for
organic cereals (see table 6). However, difficulties in growing and processing of medicinal and
potherbs as well still limited local market for medicinal and potherbs because of much higher
price turn its area back to 4.12% in 2012 (Figure 14). Parallel area of the cereals in organic crop
structure increased back till 43%. Vegetables are still not common in Lithuanian organic
agriculture with range of 0.38%-0.30% in crop structure; at the European level organically
grown vegetables unfortunately take analogous position (Figure 15). The permanent crops in
Lithuania have tendency to decrease from 4.3% (2008) to 3.26% (2012) as orchards (from 1.02%
to 0.74%) and small-fruit plants (from 3.28% to 2.52%) while in Europe organic permanent
crops in 2009 increased to 11% (Figure 15) compared with 2008 (Figure 16).
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Figure 11. Organic crop area structure including fallows and ponds in Lithuania 2008. Source: 
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The next very important component in the organic crop structure is permanent grassland. At
the European level organic permanent grassland takes fine 46% (Figure 15) while in Lithuania
26% in 2012 (Figure 14) that show slow but continuously increase from 20.8% in 2008 (Figure
11 and 16). To control organic agriculture as producing system it was introduced requirements
of minimal plant density in the crop which is much lower than optimal crop density. Therefore,
crops of inadequate plant density cover very low area – only 0.18% – 0.48% (Figure 11-13) and
come to praxis exceptionally because of very unfavourable meteorological conditions of the
year or season. It helps to prevent organic agriculture from unfair farming as well subsidies
for such areas are suspended.
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The three main crop types grown organically are arable land crops (mainly cereals, fresh
vegetables,  green fodder  and industrial  crops),  permanent  crops (mainly  fruit  trees  and
berries, olive groves and vineyards) and pastures and meadow land [19]. In most of the
Member States and Norway, permanent crops account for a relatively insignificant share
of the fully converted area of these three main types (less than 5%). In 2008, permanent
crops  accounted  for  between  10%  and  20%  in  Bulgaria,  Denmark,  Greece,  Poland  and
Portugal, while in Spain and Italy the share was over 20%. Cyprus and Malta were in the
lead with  41% and 80% respectively.  Olive  trees  predominated in  both countries.  In  11
countries (including Norway) arable land crops accounted for the largest share of the land
area (> 50%), while in 15 countries pastures and meadows predominated (>50%). Arable
crops were significant in Finland and Norway with shares of 98% and 80% respectively
(75% in Lithuania), while the Czech Republic (92%), Ireland (96%) and Slovenia (89%) were
in the lead in terms of pastures and meadows (Figure 16) [19].

The most common crops in Lithuanian organic agriculture are cereals and in farms with animal
husbandry-perennial grasses. In organic farms without animal husbandry perennial grasses
as a matter of routine are absent as in this case the subsides for the perennial grasses are not
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Figure 12. Organic crop area structure including fallows and ponds in Lithuania 2010. Source: Ekoagros; www.ekoa‐
gros.lt

The next very important component in the organic crop structure is permanent grassland. At the 
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The three main crop types grown organically are arable land crops (mainly cereals, fresh
vegetables,  green fodder  and industrial  crops),  permanent  crops (mainly  fruit  trees  and
berries, olive groves and vineyards) and pastures and meadow land [19]. In most of the
Member States and Norway, permanent crops account for a relatively insignificant share
of the fully converted area of these three main types (less than 5%). In 2008, permanent
crops  accounted  for  between  10%  and  20%  in  Bulgaria,  Denmark,  Greece,  Poland  and
Portugal, while in Spain and Italy the share was over 20%. Cyprus and Malta were in the
lead with  41% and 80% respectively.  Olive  trees  predominated in  both countries.  In  11
countries (including Norway) arable land crops accounted for the largest share of the land
area (> 50%), while in 15 countries pastures and meadows predominated (>50%). Arable
crops were significant in Finland and Norway with shares of 98% and 80% respectively
(75% in Lithuania), while the Czech Republic (92%), Ireland (96%) and Slovenia (89%) were
in the lead in terms of pastures and meadows (Figure 16) [19].

The most common crops in Lithuanian organic agriculture are cereals and in farms with animal
husbandry-perennial grasses. In organic farms without animal husbandry perennial grasses
as a matter of routine are absent as in this case the subsides for the perennial grasses are not
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paid. The distribution of wheat, barley and perennial grasses in Lithuania by the municipalities
(2005) in comparison of organic to conventional agriculture are presented in figures 17, 18 and
19. To follow the relevance to grow wheat, barley and perennial grasses in separate territories
are presented the land productivity points. Organic wheat covered 0.7%-3.1% and conven‐
tional 4.2%-8.7% in the crop structure in the most favourable land to wheat growing by the
land productivity points (Figure 17). On the lands of 40-48 points of land productivity wheat
covers 0.4%-12.9% and 0.3%-7.9% in organic and conventional agriculture accordingly. Higher
share of wheat in conventional agriculture on the best lands could be explained by the higher
share of cereals in the crop rotation of conventional agriculture and not seldom used sowing
wheats after wheats. Though, sugar beets (that are not grown at all organically in Lithuania)
take the first position on the best lands of conventional agriculture because of the highest
profitability. On land of lower productivity, i.e. 32-40 points and less than 32 points organic
wheat covers 0.1%-4.8% and 0%-2.7% while conventional wheat covers 0.3%-1.9% and 0%-0.5%
accordingly (Figure 17).

Organic barley was the most common on 40-48 points land productivity reaching till 16.2%
(2005) when conventional varied in the range of 1.5%-6.3% in the crop structure (Figure 18).
On the best soils organic barley covered 0.5%-1.8% while conventional one took their highest
share of 3.2%-6.8% in the crop structure.

Organic perennial grasses covered till 9.3% on land of 32-40 point productivity, till 5.7% on
land of 40-48 point productivity and till 5.9% on land till 32 point productivity (Figure 19). On
the best soils organic perennial grasses covered only from 0% till 0.9% area in the crop structure
while conventional ones from 0.9% till 3%. On the land with decreasing land productivity from
40-48 to 32-40 and less than 32 points conventional perennial grasses covered till 3.6%, 6.3%
and 8.2% accordingly (Figure 19).

Note. MT data 2006, CY, PT data 2007; DE no data available; IE, ES share in total organic area, Source: Eurostat
(food_in_porg1)

Figure 16. Share in percent (%) of arable land crops, permanent crops, pastures and meadows in fully converted area,
2008 [19].
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Figure 17. Organic and conventional wheat area distribution by hectares and percent in Lithuania by the municipali‐
ties and land productivity, 2005 [21]
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Figure 17. Organic and conventional wheat area distribution by hectares and percent in Lithuania by the municipali‐
ties and land productivity, 2005 [21]
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Figure 18. Organic and conventional barley area distribution by hectares and percent in Lithuania by the municipali‐
ties and land productivity, 2005 [21]

Organic Agriculture Towards Sustainability102

Figure 19. Area distribution of organic and conventional perennial grasses by hectares and percent in Lithuania by
the municipalities and land productivity, 2005 [21]

4.2. Productivity of agricultural crops

The main organic arable crop is cereals (Figure 11-15). Organic cereal yield and productivity
in comparison with productivity of conventional grown cereals are presented in table 1. By
the grown area spring triticale occupies the least territory while winter rye was the most
frequently grown organic cereal in Lithuania in 2011. Productivity of the cereal crop yield [t
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Figure 19. Area distribution of organic and conventional perennial grasses by hectares and percent in Lithuania by
the municipalities and land productivity, 2005 [21]

4.2. Productivity of agricultural crops

The main organic arable crop is cereals (Figure 11-15). Organic cereal yield and productivity
in comparison with productivity of conventional grown cereals are presented in table 1. By
the grown area spring triticale occupies the least territory while winter rye was the most
frequently grown organic cereal in Lithuania in 2011. Productivity of the cereal crop yield [t
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ha-1] except buckwheat indicated significant decrease of yield productivity in organic agricul‐
ture compared it with the conventional one. It is generally known that yield productivity is
principally higher in conventional agriculture, because of its industrialization, however, in
some crops we received even double size differences. The productivity of organic spring oats
was acceptably lower by 23.6% compared it with the conventional oats. Hence, the yield
productivity of organic compared it with the conventional winter rye, spring and winter
triticale, spring barley, winter and spring wheat was even lower by 61.6%, 75.2%, 84.1%, 102%,
107.5% and 121% respectively. Just average productivity of buckwheat was higher by 20% in
organic agriculture compared it with the conventional farming (Table 1).

Index

Cereals, 2011

Spring Oat
Spring

wheat

Spring

triticale

Spring

barley

Winter

rye

Winter

wheat

Winter

triticale

Buck-

wheat

Organic area, ha 8644 6886 1229 6826 10360 5809 6103 7598

Organic yield, t 14241 10821 1689 10139 12957 9308 8402 9136

Average

productivity of

organic crop,

t ha-1

1.65 1.57 1.37 1.49 1.25 1.60 1.38 1.20

Average

productivity of

conventional crop,

t ha-1

2.04 3.47 2.40 3.01 2.02 3.32 2.54 0.96

Table 1. The productivity of spica cereals grown organically and conventionally in Lithuania 2011. Source: Ekoagros;
Statistics Lithuania [22]

The oilseed rape growing is still a problem in organic agriculture. The confirmation of this
phenomen is three times less average productivity of organic spring rape and two times less
average productivity of organic winter rape compared it with the conventionally grown rapes
(Table 2). However, some Lithuanian organic farmers already are producing the organic
oilseed rape alimentary oil. The leguminous cereals have high importance in agriculture and
especially in organic agriculture because of symbiotic nitrogen fixing bacterium. In this
segment of agricultural crops the average yield productivity was higher in conventional than
in organic agriculture by 21%-36% and in vetch crop even by 137.5% (Table 2).

Organically grown vegetables need more hand work and request new mashinery and growing
technologies, therefore area of organic vegetables are still insignificant (Table 3, Figure 11-15).
Difficulties in growing of organic vegetables are reflected on their average productivity. In
organic agriculture average productivity of total vegetables is even more than two times lower
than in conventional one. The average productivity of organic potatoes in 2011 was 1.5 times
lower compared it to the conventional agriculture (Table 3).
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Index

Oilseed rape and leguminous cereals, 2011

Spring rape Winter rape
Fodder

beans
Peas Vetch Lupine Soya beans

Organic area, ha 1812 90 2260 10594 110 3081 371

Organic yield, t 1198 75 3357 14193 70 2457 264

Average productivity of

organic crop,

t ha-1

0.66 0.83 1.49 1.34 0.64 0.80 0.71

Average productivity of

conventional crop,

t ha-1

1.95 1.80 1.81 1.80 1.52 1.09 0.87

Table 2. The productivity of oilseed rape and leguminous cereals grown organically and conventionally in Lithuania
2011. Source: Ekoagros; Statistics Lithuania [22]

Index

Vegetables, 2011

Total

vegetables

White

cabbages
Red beets Garlics Pumpkins Carrots Onions Potatoes

Organic area, ha 64.46 4.30 3.14 0.94 1.57 7.49 1.52 346.29

Organic yield, t 669.24 66.82 42.73 3.00 29.33 176.28 17.54 3684.6

Average

productivity of

organic crop, t ha-1

10.38 15.51 13.61 3.19 18.68 23.54 11.54 10.64

Average

productivity of

conventional crop,

t ha-1

21.33 - - - - - - 15.57

Table 3. The productivity of vegetables grown organically and conventionally in Lithuania 2011. Note.-data not
available. Source: Ekoagros; Statistics Lithuania [22]

4.3. Organic seed growing

Organic seed material take the special place in organic farming. By the official regulation seed
material for organic agriculture must be certified organically and should come from the special
farms of organic seed material growers. The exceptions are allowed only if organic seeds are
not available in the market by the objective conditions. Anyway, the use of any synthetical
chemical stains for seed staining is strongly forbidden. Supply of organic seeds to Lithuanian
market from the local certified organic seed growers during time period of 2006-2013 is
presented in figure 20. The local specialised organic seed growers still are not able to cover
demand of organic seeds. Therefore, near the local organic seed production (Figure 20) organic
seeds from abroad are continuously imported (the import data are not available). Organic
farmers are obligated every five years to renew the seed material from the special organic seed
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growing farms or enterprises. Normally, during five year period after seed material renewing,
farmers use part of their own crop yield as a seed material for the next season.

Average 
productivity 

of 
conventional 
crop, t ha-1 

21.33 - - - - - - 15.57 

 
Table 3. The productivity of vegetables grown organically and conventionally in Lithuania 2011. 
Note. - data not available. Source: Ekoagros; Statistics Lithuania [22]  
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Figure 20. Organic seed amount in tons in Lithuanian market in spring and autumn seasons and joint 
amount during 2006-2013 [23], Source: Ekoagros.  
 
 
5. ANIMAL HUSBANDRY  
 
The highest farm number where was certified organic livestock was reached in 2012 (Figure 21). It 
covered 888 farms and compounded 35% from the total certified organic farm number in Lithuania. 
Similar to EU (Figure 22) cattle and sheep are the most popular species from organic livestock in 
Lithuania (Table 4). Total certified organic livestock number in Lithuania constantly grew from 2004 
to 2012 (except rabbits). The increase of organic animal number (heads) mostly was influenced with 
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5. Animal husbandry

The highest farm number where was certified organic livestock was reached in 2012 (Figure
21). It covered 888 farms and compounded 35% from the total certified organic farm number
in Lithuania. Similar to EU (Figure 22) cattle and sheep are the most popular species from
organic livestock in Lithuania (Table 4). Total certified organic livestock number in Lithuania
constantly grew from 2004 to 2012 (except rabbits). The increase of organic animal number
(heads) mostly was influenced with coming new certified organic livestock farms to market
and only a part of observed increase was induced with development of early organically
certified farms.

coming new certified organic livestock farms to market and only a part of observed increase was 
induced with development of early organically certified farms.  
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Figure 21. Dynamics number of certified organic farms with livestock during 2004-2012 [18], 

Source: Ekoagros. 
 
 
Evaluating cattle’s density in 2012 there were established 0.25 livestock units per hectare in 
conventional agriculture and 0.2 livestock unit per hectare in organic agriculture. The organic milk 
productivity made 5.52 tons of milk per cow in 2011 while conventional milk productivity made 4.90 
tons of milk per cow. Accordingly, organic cows milk productivity was higher by 12.6% compared it 
with the milk productivity of conventional farm cows.  
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Animal number (heads) 

Dairy cows 3048 4988 6401 7962 8489 8382 8891 8887 9544 

Suckler cows 623 14 1071 1507 1915 2252 2863 3359 4086 
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Calves 2923 6255 8662 10427 10605 11262 12752 14082 16798 

Horses 190 277 321 386 441 488 364 447 474 

Goats 321 549 668 740 869 755 586 640 751 

Sheep 3789 5052 8507 10561 10768 13001 13683 14276 18307 

Pigs 83 266 200 275 203 279 523 474 453 

Figure 21. Dynamics number of certified organic farms with livestock during 2004-2012 [18], Source: Ekoagros.
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Evaluating cattle’s density in 2012 there were established 0.25 livestock units per hectare in
conventional agriculture and 0.2 livestock unit per hectare in organic agriculture. The organic
milk productivity made 5.52 tons of milk per cow in 2011 while conventional milk productivity
made 4.90 tons of milk per cow. Accordingly, milk productivity of organic cows was higher
by 12.6% compared it with the milk productivity of conventional farm cows.

Certified organic animal

groups

Year

2004 2005 2006 2007 2008 2009 2010 2011 2012

Animal number (heads)

Dairy cows 3048 4988 6401 7962 8489 8382 8891 8887 9544

Suckler cows 623 14 1071 1507 1915 2252 2863 3359 4086

Bull breeders 22 29 54 68 86 107 117 134 156

Calves 2923 6255 8662 10427 10605 11262 12752 14082 16798

Horses 190 277 321 386 441 488 364 447 474

Goats 321 549 668 740 869 755 586 640 751

Sheep 3789 5052 8507 10561 10768 13001 13683 14276 18307

Pigs 83 266 200 275 203 279 523 474 453

Rabbits 1093 908 369 239 70 215 185 141 69

Cervidae - - - - - - - 582 752

Poultry 890 1182 344 1121 1100 1510 2709 4406 4103

Table 4. Certified organic livestock (animal number, heads) and its dynamics during 2004-2012 in Lithuania. Source:
Ekoagros.

Organic livestock as a share of all livestock showed that, with respect to cattle, pigs and sheep,
some Member States using organic methods were producing remarkably large numbers of
animals, cattle and sheep being the most popular (Figure 22) [19]. In Austria 25.7% of the sheep
were reared using organic production methods, but organically reared cattle also achieved a
noteworthy 17.7% share, the highest in the whole EU-27. Estonia had the highest percentage
of the sheep population with 47.3%. Lithuania reached the second highest percentage of the
sheep population with 27% in 2008 (Figure 22) while till 2012 it increased by 70% (Table 4). As
for organically reared pigs, they accounted for less than 1% in most of the Member States
(Figure 22) [19].
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Figure 21. Dynamics number of certified organic farms with livestock during 2004-2012 [18], Source: Ekoagros.
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Evaluating cattle’s density in 2012 there were established 0.25 livestock units per hectare in
conventional agriculture and 0.2 livestock unit per hectare in organic agriculture. The organic
milk productivity made 5.52 tons of milk per cow in 2011 while conventional milk productivity
made 4.90 tons of milk per cow. Accordingly, milk productivity of organic cows was higher
by 12.6% compared it with the milk productivity of conventional farm cows.

Certified organic animal

groups

Year

2004 2005 2006 2007 2008 2009 2010 2011 2012

Animal number (heads)

Dairy cows 3048 4988 6401 7962 8489 8382 8891 8887 9544

Suckler cows 623 14 1071 1507 1915 2252 2863 3359 4086

Bull breeders 22 29 54 68 86 107 117 134 156

Calves 2923 6255 8662 10427 10605 11262 12752 14082 16798

Horses 190 277 321 386 441 488 364 447 474

Goats 321 549 668 740 869 755 586 640 751

Sheep 3789 5052 8507 10561 10768 13001 13683 14276 18307

Pigs 83 266 200 275 203 279 523 474 453

Rabbits 1093 908 369 239 70 215 185 141 69

Cervidae - - - - - - - 582 752

Poultry 890 1182 344 1121 1100 1510 2709 4406 4103

Table 4. Certified organic livestock (animal number, heads) and its dynamics during 2004-2012 in Lithuania. Source:
Ekoagros.

Organic livestock as a share of all livestock showed that, with respect to cattle, pigs and sheep,
some Member States using organic methods were producing remarkably large numbers of
animals, cattle and sheep being the most popular (Figure 22) [19]. In Austria 25.7% of the sheep
were reared using organic production methods, but organically reared cattle also achieved a
noteworthy 17.7% share, the highest in the whole EU-27. Estonia had the highest percentage
of the sheep population with 47.3%. Lithuania reached the second highest percentage of the
sheep population with 27% in 2008 (Figure 22) while till 2012 it increased by 70% (Table 4). As
for organically reared pigs, they accounted for less than 1% in most of the Member States
(Figure 22) [19].
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Note. Data on organic livestock: DE, CY, LU, MT no data available; PT all data 2005 [19]
Source: Eurostat (food_in_porg3, apro_mt_lscatl, apro_mt_lspig, apro_mt_lssheep)

Figure 22. Organic livestock (number of heads) out of all livestock in European Union, 2008

6. Processing of organic products

Processing is a very important activity in each sector of economy. It can be as an indicator of
viability and development of economy. In organic agriculture firstly it shows enough high
quantity of producers that produce at least minimal critical level of primary production.
Development of organic processing enterprises and activities by its number dynamics in
Lithuania is presented in figure 23. The activities of organic processing enterprises in 2013 were
concentrated in grain investment, storage and trading (19 activities), processing (draying, tea
production) of medicinal and potherbs (14 activities), wholesale (14 activities), manufacture
of grain products (12 activities), milk procurement and processing (7 activities). Some organic
processing enterprises entered market in vegetable (6 activities), fruit, berries and mushrooms
(6 activities) buying and processing, public catering (4 activities), seed packing and marketing
(3 activities), animal slotering and meat products processing (3 activities), fish processing (3
activities) and alimentary oil production (2 activities). One at a time activity of Lithuanian
organic processing enterprises was in dumpling, spice, chocolate products, tomato sauce and
mayonnaise production and infant nourishment.

Activities within the organic sector include the food chain from production at farm level right
through to industrial processing. Imports, exports and other activities, such as wholesale and
retail trade, are also included. The production of organic crops and the rearing of organic
animals are the main activities in the organic sector at farm level, but the processing of goods
is also important. Producers accounted for over 50% of all operators in 2008 in all the Member
States and Norway, and even exceeded 70% in most countries. Importers accounted for less
than 2% of the total in most of the Member States (Figure 24) [19].

First  certificate  of  organic  product  importers  to  Lithuania  from the  third-countries  was
issued in 2013. At the end of the year 2013 there were already certified 4 importers organic
operators that imported cranberries from Belorussia and the Ukraine, coconut oil from Sri
Lanka and etc.
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Figure 23. Number change dynamics of organic processing enterprises and activities in Lithuania 
during 2002-2013. Note. 2013 data of January [18], Source: Ekoagros.  
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Figure 24. Share in percent of different types of operators in total organic operators, 2008

On the basis of the NACE Rev.2 classification, food manufacturing activities can be grouped
as follows: processing and preserving of meat and production of meat products, process‐
ing and preserving of fruit and vegetables, manufacture of vegetable and animal fats and
oils,  dairy products,  grain mill  products and starches,  beverages,  prepared animal feeds
and  other  food  products,  including,  for  example,  bakery  products,  tea,  coffee,  sugar,
chocolate, etc. (Table 5) [19].
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Note. Data on organic livestock: DE, CY, LU, MT no data available; PT all data 2005 [19]
Source: Eurostat (food_in_porg3, apro_mt_lscatl, apro_mt_lspig, apro_mt_lssheep)

Figure 22. Organic livestock (number of heads) out of all livestock in European Union, 2008
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Figure 23. Number change dynamics of organic processing enterprises and activities in Lithuania 
during 2002-2013. Note. 2013 data of January [18], Source: Ekoagros.  
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On the basis of the NACE Rev.2 classification, food manufacturing activities can be grouped
as follows: processing and preserving of meat and production of meat products, process‐
ing and preserving of fruit and vegetables, manufacture of vegetable and animal fats and
oils,  dairy products,  grain mill  products and starches,  beverages,  prepared animal feeds
and  other  food  products,  including,  for  example,  bakery  products,  tea,  coffee,  sugar,
chocolate, etc. (Table 5) [19].
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Country

Processors by the type of economic activity

Meat /

meat

products

Fruit /

vegetables

Vegetables

and animal

oils / fats

Dairy

products

Grain mill

products /

starches

Other

food

products

Beverages

Prepared

animal

feeds

Total

EU-27 2445 4114 2170 1278 1022 6833 2126 519 4633

BE 43 74 9 44 32 247 17 4 470

BG 1 16 7 3 0 10 1 0 38

CZ 72 37 1 31 17 96 69 4 327

DK 53 38 5 36 20 122 29 3 306

DE - - - - - - - - -

EE 2 9 1 2 9 8 0 0 31

IE 33 85 0 5 9 91 3 1 227

EL 72 304 801 74 27 457 214 56 2005

ES 220 520 297 67 49 865 359 38 2415

FR 391 253 50 180 167 372 248 134 1795

IT 308 1277 835 333 353 1871 903 75 2807

CY - - 11 - - - 3 - 14

LV 3 2 - 5 1 4 - - 15

LT 3 3 1 5 6 10 0 3 31

LU 4 6 1 2 4 18 1 3 39

HU - - - - - - - - -

MT 0 0 3 0 0 0 1 0 4

NL 138 307 57 101 94 571 60 48 1376

AT 318 145 - 117 71 - - 56 707

PL - - - - - - - - -

PT12 12 33 23 - - 2 3 2 75

RO 0 29 2 9 - 24 2 0 66

SI 10 18 3 5 1 20 - 1 58

SK 5 10 2 7 12 35 3 2 76

FI 33 83 4 15 40 52 0 16 243

SE 71 68 18 25 31 116 16 11 356

UK 650 797 39 212 79 1842 194 62 2033

NO 107 64 2 38 28 203 4 10 456

Note. EU-27 estimated; LU data 2004; AT, PT data 2005; MT data 2006; CY data 2007; DE, HU, PL no data available
[19], Source: Eurostat (food_act3)

Table 5. Number of organic processors by type of economic activity, NACE Rev. 2, 2008
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7. Maintaining of organic agriculture

7.1. Certification

Organic agriculture indicates necessary transformation of farming system therefore it is
essential to have a transitional period of 2 years [24]. Transitional period is a period through
which on a farm there is introduced crop rotation, fertilization, methods of plant protection
and other means of farming corresponding to the regulations of organic agriculture [25]. The
certification commission can lengthen or shorten this farm transitional period. Organic
agriculture differs from other farming forms as well by the requirement to keep regulations of
organic agriculture and its products have origin certification [17, 24]. The whole process of
organic product processing, production and all ingredients used in processing is inspected.
Certification and marking of organic products initiated its high demand on market. Certifica‐
tion is a procedure by which certification body confirms that product and/or process of
processing corresponds to the set of requirements [24, 25]. Production process of organic
products control and certified public bodies are validated by the Ministry of Agriculture. In
Lithuania organic farms, holdings and enterprises are certified by the public body "Ekoagros"
(www.ekoagros.lt). At the moment it is exclusive body for organic agriculture certification in
Lithuania with the centre in Kaunas and branches in Utena and Telšiai. However, State
Enterprise Lithuanian Agricultural and Food Market Regulation Agency (the Market Regula‐
tion Agency <http://www.litfood.lt/Lists/Publications/AllItems.aspx?RootFolder=http%3a
%2f%2fwww%2elitfood%2elt%2fLists%2fPublications%2fEnglish%20summary&FolderC‐
TID=0x012000EF8B28BBC9FD604F9F45357A684ABF67>) seek for organic production certifi‐
cation as well. If it succeeds, Lithuania will have two licensed organic certification bodies.

The main standard document of organic agriculture in Lithuania is "Regulations of Organic
Agriculture: production, processing, realization and marking" [26] that is continuously
improved and renewed [17, 25]. The certification body controls keeping of organic agriculture
regulations. Certification body inspects declarant, seeking for organic certificate, performs
expertise of inspectation results and initiates decission for issue of organic certificate. Certifi‐
cate is a document issued according to the regulations of organic agriculture and evidenced
that product or processing process is in accordance with the requirements of organic agricul‐
ture regulations. Certificate gives right to mark products declarated in certificate as organic.
The list of certified declarants (farms, holdings, enterprises, etc.) is announced in public.
Certificate is valid for one year [25]. All declarants intended to certify production as organic
each year till 15 June deliver application for certification and support. After 15 June applica‐
tions for certification are not admitted. Submitted application data can be corrected till 12 of
July. Certification body performs inspection of organic farms till 15 of October each year.

7.2. Support for organic agriculture

Owners of Lithuanian organic farms can receive financial support according to the one of
"Agrarian environmental protection payoff" implements programme, i.e. "Organic agricul‐
ture". The task of the programme is to support organic agriculture as a system that secures
production of high quality products with good perspectives on a market. Support for organic
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agriculture can be delivered only for the organically certified and declarated agriculture area.
Therefore, all owners of the organic farms must be registered and should contain certificate
obtained from the organic agriculture certification body "Ekoagros". The exact level of support
payoff varies for each organic farmer and is calculated individually depending on growing
crops (Table 6). Separate organic farm can obtain maximal support of 400 thousand litas.
During 2007-2013 farmers participating in "Rural development programme" implement
"Agrarian environmental protection payoff" programme "Organic agriculture" submitted 12
859 applications with requests of 505.5 million litas payoff. According to "Organic agriculture"
programme during 2013 there were submited 2566 applications with request of 118 million
litas payoff.

Crop Payout, ** Lt ha-1

Cereals 742

Vegetables and potatoes 1519

Medicinal herbs 1688

Small-fruit plants and orchards 1781

Perennial grasses and meadows* 438

Note. *-subsidies are paid only if there is certified organic livestock on farm; **-1 Lt=0.290 €; 1 €=3.4528 Lt.

Table 6. Support for organic agriculture according to the type of crop (Lt ha-1)

To enhance marketable organic farming is foreseen compulsory realization of organic pro‐
duction (Table 7). Realization of organic production should be validated by actual documents.
Only then financial support is delivered for organic farm in form of subsidies. The request to
present documents of production realization is not applicable for farms keeping livestock and
declarating just pastures and meadows, annual and perennial grasses. As well documents for
production realization are not requested for cereals on farm applying proportion 1 LSU
(Livestock Standard Unit) per 3 hectares. Subsidies are paid in two stages: 50% of subsidy are
paid after evaluation of applications and rest 50% of subsidy are paid after delivered docu‐
ments of organic production realization. For the new orchards and small-fruit perennial
plantations in the first year there are paid 100% of subsidy.

Owners of Lithuanian organic farms can apply for subsidy if:

• they are applicable subjects, i.e. farmers, agricultural company or cooperative;

• have registered agricultural holding in the register of agriculture and rural business of
Republic of Lithuania;

• joint agricultural and other area applicable for subsidy by the programme “Organic
agriculture” are no less than 1 hectare;

• separate field plot for subsidy is no less than 0.1 hectare.
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Owners of Lithuanian organic farms receiving subsidies by the programme “Organic agricul‐
ture” contract to:

• participate in the programme “Organic agriculture” and to keep organic requiremets at least
five years from the submition of the application;

• to submit application for subsidy and declare crops each year;

• to keep integrated support interconnect requirements;

• to keep the main requirements;

• to return all paid subsidies by “Organic agriculture” programme if implementation of the
programme would be suspended before the term (except special circumstances);

• to run organic agriculture on the same agricultural land, i.e. on the same field plots and
every year to declare contracted areas;

• within period of contract do not decrease contracted area more than 3% and do not increase
it more than 2 ha;

• to run accountancy according to the regulations of law;

Type of crop Required sale of production, * Lt ha-1

In suitable for farming areas

Cereals 350

Vegetables, potatoes, medicinal herbs 1050

Orchards 1600

Small-fruit plants 1000

In less suitable for farming areas

Cereals 180

Vegetables, potatoes, medicinal herbs 600

Orchards 900

Small-fruit plants 600

Note. *-1 Lt=0.290 €; 1 €=3.4528 Lt. Source: National Paying Agency under the Ministry of Agriculture, http://
www.nma.lt/index.php?lang=2

Table 7. Required compulsory realization of organic production for farms participating in programme “Organic
agriculture” in suitable and less suitable areas for farming
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• to have and implement fertilization plans if fertilized area by manure or slurry exceeds 50
ha on farm during artificial year;

• to fill-in journal of organic agriculture production if fertilized area by manure or slurry do
not exceed 50 ha on farm during artificial year, plant protection means for non-professional
use and mineral fertilizers are used;

• to fill-in journal of applied means and products of plant protection if there are used plant
protection means for non-professional use on farm;

• to keep regulations and requirements for organic agriculture foreseen at the EU Council
Regulation (EC) No 834/2007 the whole contracted period;

• to sell a part or organic production;

• to keep regulations of Lithuanian organic agriculture.

7.3. Education in organic agriculture

Education, vocational training and, more generally, lifelong learning play a vital role in the
economic and social strategies of the European Union [15]. Education is very important in all
areas of life. Agricultural professionals play an important role in helping to create and develop
innovations. They also inform and educate farmers (and the public) about innovations through
teaching or extension work [7].

Inceptive organic farming farmers must keep regulations of Lithuanian organic agriculture
"Regulations of organic agriculture" [26] and must take part in the course of educational
programme "Backgrounds of organic agriculture (for beginners)" [27]. The course completion
certificate must be delivered for the certification body before the organic certificate issue day
(i.e. till the 15th June of current year) no later than till the day of farm certification. The
educational courses for farmers are administrated by The Centre for LEADER Programme and
Agricultural Training Methodology. The tasks of educational course programme “Back‐
grounds of organic agriculture” is to convey for farmers scientifically and practically validated
recommendation of organic agriculture, to present backgrounds of organic production and to
acquaint with the main requirements of organic agriculture. The earlier received adequate
education to the farmers course programme “Backgrounds of organic agriculture” can be
recognized by the committee formed by the The Centre for LEADER Programme and Agri‐
cultural Training Methodology under the Ministry of Agriculture.

The State supported trainings (Table 8) as „New technologies in farms of organic produc‐
tion“ [28], „Organic horticulture“ [29], „Weed control system in organic agriculture“ [30] and
etc. are also popular between organic farmers. The organic training courses for farmers are
organized by the demand according to the educational course programmes confirmed by the
Ministry of Agriculture (Table 8).
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Educational programme

Year

2008 2009 2010 2011 2012 2013

Number of training courses

Backgrounds of organic agriculture (for

beginners) 24 academic hours [27]
17 29 35 38 25 32

Organic agriculture for advanced 16 academic

hours) [31]
- 40 39 31 30 19

Organic seed growing (8 academic hours) [32] - - 5 5 - -

Economical evaluation of organic products

production marketing on individual and

cooperative background (8 academic hours)

[33]

- - 10 8 - -

Pecularities of organic agriculture by the

specialization of production (field day) 4

academic hours [34]

14 16 - - - -

Organic agriculture for advanced (field day) 4

academic hours [35]
- 12 - - - -

Backgrounds of organic beekeeping 10

academic hours [36]
- - 18 + - -

Organic cattle husbandry 10 academic hours

[37]
- - 104 - - -

Weed control system in organic agriculture 10

academic hours [30]
- - 29 13 - -

Organic horticulture, 10 academic hours [29] - - - 30 - -

Organic non-traditional animal husbandry and

aviculture, 10 academic hours [38]
- - - 24 - -

Swine-breeding in farms of organic production,

10 academic hours [39]
- - - 15 - -

Source: The Centre for LEADER Programme and Agricultural Training Methodology under the Ministry of Agriculture;
Chamber of Agriculture of the Republic of Lithuania

Table 8. Organic training courses for farmers in Lithuania during 2008-2013

The average size of the individual course is 14 farmers. During 2008-2013 there were trained
more than 5700 farmers interested in organic agriculture. Compulsory trainings "Backgrounds
of organic agriculture (for beginners)" for inceptive organic farming were delivered for about
2200 participants.
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8. Conclusions

Organic agriculture is a production system that sustains the health of soils, ecosystems and
people. Farming is only considered to be organic at the EU level if it complies with Council
Regulation.

The area of certified organic agricultural land in the world, EU and Lithuania continuously is
tending to increase. EU-28 average made 5.7% of agricultural land as organic in 2012.

Average size of agricultural farm in general is larger in the organic than in conventional sector.

Productivity of crop average yield regularly is lower in organic agriculture compared it with
the conventional one.

Cattle and sheep are the most popular species of the organic livestock.

In the manufacture of organic products fruit, vegetables, meat and meat products are domi‐
nating.

Abbreviations
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1. Introduction

Mixtures of spring cereals with legumes are considered good agricultural practice in many
European countries, especially in organic and low-input farming system [1, 2]. Cultivation of
mixtures contributes to the complementary use of habitat resources and compensatory growth
of individual plant species, causing an increased productivity and greater stability of yield [3,
4]. Moreover, the risk of lodging of legumes is significantly reduced. Mixtures limited the
negative effects of excessive share of cereals in crop rotation and they are a good forecrop for
the succeeding crops. They have a positive effect on the soil fertility, enriching it with nitrogen
through a symbiosis of legumes with nodule bacteria and in organic matter due to the huge
amount of crop residue left behind [5]. Legume-cereal mixtures are treated with lower doses
of nitrogen fertilizer in comparison with the sole cereal, which is advantageous from an
economic point of view. The increase in nitrogen dose usually leads to an increase in the yield
of cereal component, while the share of legumes seeds in the yield decreases. Mixed crops can
be cultivated on soils poorer by one valuation class than individual species cultivated as sole
crops. Yielding of mixtures and crop quality largely depends on the selection of components
and their participation. Yield of mixture seeds decrease with increasing percentage of legumes
at sowing. Cultivation of mixed crops increases protein content in the seeds of cereal compo‐
nent increases the yield of crude protein in the biomass and increases the content of this
component in the yield of the seeds mixture. Such crops are also an effective method of weed
infestation control and reduce the spread of diseases and pests, which is very important in
organic production system [6, 7, 8].

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Material and methods

Paper was established on the base of the authors’ results and literature. The authors’ field
experiments were conducted according to organic agriculture rules in Agriculture Experi‐
mental Stations of Institute of Soil Science and Plant Cultivation – State Research Institute
and individual organic farms in different parts of Poland. The results of research were statis‐
tically elaborated. The impact of the examined factors experiments on the determined char‐
acteristics were assessed using analysis of variance, the half-intervals of confidence being
determined by Tukey’s test at the significance level of α = 0.05.

2.1. The importance of legume-cereal mixtures and benefits from the cultivation

Mixtures of legumes with cereals may be used in different ways. If they are grown for seeds,
they can be used for the production of fodder for monogastric animals (pigs and poultry),
because of the increased protein content compared to the grains of sole cereals. In turn, if they
are cultivated for green forage, they provide valuable roughage for ruminants. They can also
be used for plowing, as green manure.

Mixtures make a better utilization of habitat resources than sole crops. Differentiation in the
size and depth of the root systems of cereals and legumes allows them to utilization water and
nutrients from different soil layers, the result of which is a compensatory growth and devel‐
opment of plants. The research on comparison of mixtures root systems of wheat and barley
with peas sown together in alternate and intersecting rows showed that sowing in alternate
rows was the least favorable [9]. Competition between the components of the mixtures can
involve the access to light. A higher cereal component often results in limiting growth
conditions for the accompanying legume by shading, especially under conditions of increased
nitrogen. In legumes, photosynthesis is then limited and nitrogen uptake is reduced [10].

Studies on mixtures of yellow lupine with triticale and oats have shown that a competitive
potential of a single legume is larger than a single cereal plant, but because of the larger number
of cereals in the mixture, their total pressure on legumes is stronger than the pressure of
legumes on cereals [11]. The strength of interspecific competition depends on the severity of
intraspecific competition, which is largely related to the participation of the individual
components. Mixtures of legumes with cereals create the conditions for the formation of
allelopathic interactions that have a significant influence on the subsequent development of
stand structure and the share of each component in the creation of seeds yield. Secondary
metabolites of root exudates may affect rhisospheric organisms, as well as the neighboring
plants [12]. Studies [13] have shown that water solutions of root exudates of seedlings of wheat,
triticale and barley (an effect of 5 cereal seedlings on 1 seed of legume), after 4 days, strongly
reduced the germination of seeds of pea, vetch, blue and yellow lupine, and after 8 days,
exudates of barley and wheat caused the loss of germination of pea seeds (Table 1).

An additional benefit of growing legume-cereal mixtures is their effect on soil fertility and its
phytosanitary status. Mixtures mitigate the negative effects associated with consecutive
sowing of cereals as they become an element which interrupts the continuity of the crops.
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Mixtures provide biodiversity resulting from the different morphological characteristics,
physiological and sensitivity of individual components to consecutive sowing, and in the case
of cereals, this method allows to avoid the negative consequences of their too frequent sowing
in the same field and thus reduce the spread of diseases and pests [14].

In recent times, a lot of attention has been paid to the possibility of nitrate leaching from the
soil in the positions of winter crops sown after legumes. Significantly lower losses of nitrogen
occur after crops of legume-cereal mixtures. The studies have shown that pea grown as sole
crop used nitrogen derived from biological fixation in 70%, while in mixed cultivation with
cereals-in 99%, contributing indirectly to potentially smaller losses of this component [15].
Also, lysimetric studies have shown that the level of nitrogen leaching in crops of mixture of
peas with barley was reduced compared with the treatments where these plants were grown
in sole crop. Therefore, in the areas of protection of drinking water, it is recommended to sow
legumes in mixtures with cereals [16, 17].

Pre-crop
Seedsyield

Variability of yields in years (%)
t·ha-1 %

Yellow lupine

Pea + lupine

Oat + lupine

Oat + peas

Oat

Oat + barley

Oat + triticale

Triticale + barley

5.28

5.17

4.98

4.94

4.79

3.63

3.23

3.17

100

98

94

94

91

69

61

60

3.5

3.8

1.8

3.6

4.5

13.6

17.4

15.6

Table 2. Yields of winter wheat grown as affected by different pre-crops [21]

Legume-cereal mixtures are a good forecrop for root crops, but especially for cereals. They
enrich the soil with organic matter and nutrients. For example, crop residues of mixtures of
lupine with triticale (straw, stubble and roots) provide 32 kg of nitrogen and 55 kg of potassium

Specifications

Germination after 4 days Germination after 8 days

pea vetch
yellow

lupine

blue

lupine
pea vetch

yellow

lupine
blue lupine

Control 96.7 a* 93.7 a 97.7 a 85.7 a 96.7 a 95.7 a 98.5 a 86.5 a

Wheat 58.0 b 57.5 b 48.2 b 48.2 b Rotted 74.5 b 51.0 b 48.2 b

Triticale 59.5 b 77.0 c 68.7 c 67.5 c 62.5 b 90.5 a 80.2 c 70.0 c

Oat 95.5 a 92.2 a 95.0 a 77.5 a 96.0 a 95.5 a 98.0 a 79.2 ac

Barley 46.0 b 78.5 c 62.0 c 50.5 b Mildewed 88.0 c 65.2 b 52.2 b

* Number within columns followed by the same letters do not differ significantly

Table 1. Influence of cereal root excretions on germination of legume seeds [own study]

Mixtures of Legumes with Cereals as a Source of Feed for Animals
http://dx.doi.org/10.5772/58358

125



2. Material and methods

Paper was established on the base of the authors’ results and literature. The authors’ field
experiments were conducted according to organic agriculture rules in Agriculture Experi‐
mental Stations of Institute of Soil Science and Plant Cultivation – State Research Institute
and individual organic farms in different parts of Poland. The results of research were statis‐
tically elaborated. The impact of the examined factors experiments on the determined char‐
acteristics were assessed using analysis of variance, the half-intervals of confidence being
determined by Tukey’s test at the significance level of α = 0.05.

2.1. The importance of legume-cereal mixtures and benefits from the cultivation

Mixtures of legumes with cereals may be used in different ways. If they are grown for seeds,
they can be used for the production of fodder for monogastric animals (pigs and poultry),
because of the increased protein content compared to the grains of sole cereals. In turn, if they
are cultivated for green forage, they provide valuable roughage for ruminants. They can also
be used for plowing, as green manure.

Mixtures make a better utilization of habitat resources than sole crops. Differentiation in the
size and depth of the root systems of cereals and legumes allows them to utilization water and
nutrients from different soil layers, the result of which is a compensatory growth and devel‐
opment of plants. The research on comparison of mixtures root systems of wheat and barley
with peas sown together in alternate and intersecting rows showed that sowing in alternate
rows was the least favorable [9]. Competition between the components of the mixtures can
involve the access to light. A higher cereal component often results in limiting growth
conditions for the accompanying legume by shading, especially under conditions of increased
nitrogen. In legumes, photosynthesis is then limited and nitrogen uptake is reduced [10].

Studies on mixtures of yellow lupine with triticale and oats have shown that a competitive
potential of a single legume is larger than a single cereal plant, but because of the larger number
of cereals in the mixture, their total pressure on legumes is stronger than the pressure of
legumes on cereals [11]. The strength of interspecific competition depends on the severity of
intraspecific competition, which is largely related to the participation of the individual
components. Mixtures of legumes with cereals create the conditions for the formation of
allelopathic interactions that have a significant influence on the subsequent development of
stand structure and the share of each component in the creation of seeds yield. Secondary
metabolites of root exudates may affect rhisospheric organisms, as well as the neighboring
plants [12]. Studies [13] have shown that water solutions of root exudates of seedlings of wheat,
triticale and barley (an effect of 5 cereal seedlings on 1 seed of legume), after 4 days, strongly
reduced the germination of seeds of pea, vetch, blue and yellow lupine, and after 8 days,
exudates of barley and wheat caused the loss of germination of pea seeds (Table 1).

An additional benefit of growing legume-cereal mixtures is their effect on soil fertility and its
phytosanitary status. Mixtures mitigate the negative effects associated with consecutive
sowing of cereals as they become an element which interrupts the continuity of the crops.

Organic Agriculture Towards Sustainability124

Mixtures provide biodiversity resulting from the different morphological characteristics,
physiological and sensitivity of individual components to consecutive sowing, and in the case
of cereals, this method allows to avoid the negative consequences of their too frequent sowing
in the same field and thus reduce the spread of diseases and pests [14].

In recent times, a lot of attention has been paid to the possibility of nitrate leaching from the
soil in the positions of winter crops sown after legumes. Significantly lower losses of nitrogen
occur after crops of legume-cereal mixtures. The studies have shown that pea grown as sole
crop used nitrogen derived from biological fixation in 70%, while in mixed cultivation with
cereals-in 99%, contributing indirectly to potentially smaller losses of this component [15].
Also, lysimetric studies have shown that the level of nitrogen leaching in crops of mixture of
peas with barley was reduced compared with the treatments where these plants were grown
in sole crop. Therefore, in the areas of protection of drinking water, it is recommended to sow
legumes in mixtures with cereals [16, 17].

Pre-crop
Seedsyield

Variability of yields in years (%)
t·ha-1 %

Yellow lupine

Pea + lupine

Oat + lupine

Oat + peas

Oat

Oat + barley

Oat + triticale

Triticale + barley

5.28

5.17

4.98

4.94

4.79

3.63

3.23

3.17

100

98

94

94

91

69

61

60

3.5

3.8

1.8

3.6

4.5

13.6

17.4

15.6

Table 2. Yields of winter wheat grown as affected by different pre-crops [21]

Legume-cereal mixtures are a good forecrop for root crops, but especially for cereals. They
enrich the soil with organic matter and nutrients. For example, crop residues of mixtures of
lupine with triticale (straw, stubble and roots) provide 32 kg of nitrogen and 55 kg of potassium

Specifications

Germination after 4 days Germination after 8 days

pea vetch
yellow

lupine

blue

lupine
pea vetch

yellow

lupine
blue lupine

Control 96.7 a* 93.7 a 97.7 a 85.7 a 96.7 a 95.7 a 98.5 a 86.5 a

Wheat 58.0 b 57.5 b 48.2 b 48.2 b Rotted 74.5 b 51.0 b 48.2 b

Triticale 59.5 b 77.0 c 68.7 c 67.5 c 62.5 b 90.5 a 80.2 c 70.0 c

Oat 95.5 a 92.2 a 95.0 a 77.5 a 96.0 a 95.5 a 98.0 a 79.2 ac

Barley 46.0 b 78.5 c 62.0 c 50.5 b Mildewed 88.0 c 65.2 b 52.2 b

* Number within columns followed by the same letters do not differ significantly

Table 1. Influence of cereal root excretions on germination of legume seeds [own study]

Mixtures of Legumes with Cereals as a Source of Feed for Animals
http://dx.doi.org/10.5772/58358

125



[18]. The value of the leftover position depends on the selection of components, their partici‐
pation in the stand, the level of yield and soil conditions. Studies have shown that the yields
of winter wheat cultivated after the mixture of pea with spring cereals (wheat, barley) were
higher from 5 to 27% than after spring barley, while after a mixture of yellow lupine with
triticale-by 31% compared to the yields following the triticale [19, 20]. Cereal species signifi‐
cantly affected the forecrop quality of the mixtures. Mixtures of legumes with wheat, barley
and triticale were definitely better forecrops for winter wheat than the same cereals cultivated
in sole crop, while a mixture with oats influenced on a small increase in the yield of successive
crops compared with sole oats [21, 22]. This is due to the characteristic of oats, which has
phytosanitary features and is considered as one of good forecrops for winter cereals. However,
cereal mixtures were a worse forecrop (Table 2). The share of components seeds in the mixture
also affects the catch crop value of the stand. A larger proportion of legumes in the mixture
positively affected the yield of the following plants (winter wheat). This reaction was higher
on good soils compared to the poorer ones [22, 23].

2.2. Biological nitrogen fixation

Biological process of atmospheric nitrogen fixation by the bacteria of Rhizobium and Bradyrhi‐
zobium that live in symbiosis with legumes has great significance for agriculture. In the
symbiosis process, legumes provide the bacteria with carbohydrates, and in return they receive
nitrogen assimilated by them, which they use to produce high-value protein. Nitrogen is used
by plants in almost 100%, while in the case of mineral fertilizers, the plants generally use not
more than 50% of this element. Cereals growing in the vicinity of legumes use the nitrogen
assimilated by nodule bacteria, as it is transferred to the soil in the form of aspartic acid or β-
alanine. This phenomenon is particularly important in low-input farming systems, especially
in organic agriculture, where the biological fixation is the most important source of nitrogen
[24, 25, 26].

The amount of nitrogen fixed by the nodule bacteria in the process of symbiosis depends
primarily on the species of legume as a component, its share in the mixture and the level of
nitrogen fertilization. The lysimetric studies with using 15N have shown that in vetch sown
with oats, 90% of the total nitrogen uptake (about 53 kg ha-1) comes from symbiosis, while oat
uses about 28 kg of mineral N, which is one third of the nitrogen taken together by plants in
the mixture [27]. The studies under mixed sowings of maize with soybean and oat with vetch
have shown that exudates of active root nodules of legumes include NO3-ions, which affect the
increase of biomass and nitrogen content of non-legume components of these mixtures. The
permeation of nitrate ions took place at night-from late evening to early morning [28]. The
complementarity in the use of nitrogen by the mixture components was confirmed by a higher
uptake of nitrogen with the yield of mixture seeds of oat with pea compared to sole crops of
this species (Table 3). Almost twice as high nitrogen uptake with the yield of mixtures seeds
compared to seeds yield of barley was significantly associated with a large proportion of the
legume seeds in the sown mixture (70%). The research carried out in different European
countries (Denmark, Germany, Great Britain, France and Italy) has shown that the overall N
resources were used 30-40% more efficiently by pea-barley intercrops compared to the
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respective sole crops showing a high degree of complementarity between pea and barley across
intercrop designs and very different growing conditions in Europe. As a mean of all site around
20% more efficient soil mineral N uptake was achieved by the intercrops than the sole crops.
Soil N uptake by barley in intercrops was associated with an increased reliance of pea on N2-
fixation, rising the percent of total N derived from N2-fixation [29]. The authors indicate the
independent of climatic growing conditions, including biotic and abiotic stresses, across
European organic farming systems pea-barley intercropping is a relevant cropping strategy to
adapt when trying to optimize N use and thereby N2-fixation inputs to the cropping system.

Treatment Dose of nitrogen fertilization (kg·ha-1) Mean

0 30 60

Barley 44 a* 55 a 75 a 58 a

Pea 78 b 86 b 93 b 86 b

Barley+pea 96 c 108 c 103 c 102 c

* Number within columns followed by the same letters do not differ significantly

Table 3. Nitrogen uptake with grain yield [own study based on 30]

The dose of mineral nitrogen had a significant impact on the amount of biological fixation of
nitrogen by legumes. Increasing dose of mineral nitrogen caused a decrease in the fixation of
atmospheric nitrogen, as it is a well-known tendency that if a plant has the possibility to use
soil or fertilizer nitrogen, the assimilation of N2 decreases. The research carried out in Poland
has shown that increasing the level of fertilization of legume-cereal mixtures by mineral
nitrogen from 0 to 90 kg ha-1 resulted in a significant reduction of atmospheric nitrogen fixation
by legumes. Each 10 kg of the nitrogen applied in a dose of 30 and 60 kg ha-1 in a mixture of
pea with wheat or pea with barley caused a reduction in the fixation of this element by about
7-8 kg, while at a dose of 90 kg, the reduction was higher by about 9 kg [31, 32]. Biological
nitrogen fixation also depends on the soil conditions (nitrogen content, moisture content, pH)
and the severity of disease and pests [33]. A large impact on the amount of symbiotic nitrogen
fixation has also soil temperature. The optimal temperature range which allows for the
maximum nitrogen fixation is (oC): for big-leaved lupine-25, common vetch-20, faba bean-20,
field pea-25, blue lupine-20-30, and for soybean-20-25 [34].

2.3. The selected factors of production

2.3.1. Species and varieties

Yielding of legume-cereal mixtures largely depend on the proper selection of species. Spring
barley can be a good component for the mixtures with peas, due to similar habitat require‐
ments, similar length of growing season and high nutritional value of seeds of such mixture,
but also spring triticale and spring wheat, especially on the better soils. Naked oats, however,
is a weaker component due to its low yield of grain which is also variable in years [35, 36].
Husked cultivars of oats and barley, however, are more useful to mixture with peas compared
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by plants in almost 100%, while in the case of mineral fertilizers, the plants generally use not
more than 50% of this element. Cereals growing in the vicinity of legumes use the nitrogen
assimilated by nodule bacteria, as it is transferred to the soil in the form of aspartic acid or β-
alanine. This phenomenon is particularly important in low-input farming systems, especially
in organic agriculture, where the biological fixation is the most important source of nitrogen
[24, 25, 26].

The amount of nitrogen fixed by the nodule bacteria in the process of symbiosis depends
primarily on the species of legume as a component, its share in the mixture and the level of
nitrogen fertilization. The lysimetric studies with using 15N have shown that in vetch sown
with oats, 90% of the total nitrogen uptake (about 53 kg ha-1) comes from symbiosis, while oat
uses about 28 kg of mineral N, which is one third of the nitrogen taken together by plants in
the mixture [27]. The studies under mixed sowings of maize with soybean and oat with vetch
have shown that exudates of active root nodules of legumes include NO3-ions, which affect the
increase of biomass and nitrogen content of non-legume components of these mixtures. The
permeation of nitrate ions took place at night-from late evening to early morning [28]. The
complementarity in the use of nitrogen by the mixture components was confirmed by a higher
uptake of nitrogen with the yield of mixture seeds of oat with pea compared to sole crops of
this species (Table 3). Almost twice as high nitrogen uptake with the yield of mixtures seeds
compared to seeds yield of barley was significantly associated with a large proportion of the
legume seeds in the sown mixture (70%). The research carried out in different European
countries (Denmark, Germany, Great Britain, France and Italy) has shown that the overall N
resources were used 30-40% more efficiently by pea-barley intercrops compared to the
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respective sole crops showing a high degree of complementarity between pea and barley across
intercrop designs and very different growing conditions in Europe. As a mean of all site around
20% more efficient soil mineral N uptake was achieved by the intercrops than the sole crops.
Soil N uptake by barley in intercrops was associated with an increased reliance of pea on N2-
fixation, rising the percent of total N derived from N2-fixation [29]. The authors indicate the
independent of climatic growing conditions, including biotic and abiotic stresses, across
European organic farming systems pea-barley intercropping is a relevant cropping strategy to
adapt when trying to optimize N use and thereby N2-fixation inputs to the cropping system.

Treatment Dose of nitrogen fertilization (kg·ha-1) Mean

0 30 60

Barley 44 a* 55 a 75 a 58 a

Pea 78 b 86 b 93 b 86 b

Barley+pea 96 c 108 c 103 c 102 c

* Number within columns followed by the same letters do not differ significantly

Table 3. Nitrogen uptake with grain yield [own study based on 30]

The dose of mineral nitrogen had a significant impact on the amount of biological fixation of
nitrogen by legumes. Increasing dose of mineral nitrogen caused a decrease in the fixation of
atmospheric nitrogen, as it is a well-known tendency that if a plant has the possibility to use
soil or fertilizer nitrogen, the assimilation of N2 decreases. The research carried out in Poland
has shown that increasing the level of fertilization of legume-cereal mixtures by mineral
nitrogen from 0 to 90 kg ha-1 resulted in a significant reduction of atmospheric nitrogen fixation
by legumes. Each 10 kg of the nitrogen applied in a dose of 30 and 60 kg ha-1 in a mixture of
pea with wheat or pea with barley caused a reduction in the fixation of this element by about
7-8 kg, while at a dose of 90 kg, the reduction was higher by about 9 kg [31, 32]. Biological
nitrogen fixation also depends on the soil conditions (nitrogen content, moisture content, pH)
and the severity of disease and pests [33]. A large impact on the amount of symbiotic nitrogen
fixation has also soil temperature. The optimal temperature range which allows for the
maximum nitrogen fixation is (oC): for big-leaved lupine-25, common vetch-20, faba bean-20,
field pea-25, blue lupine-20-30, and for soybean-20-25 [34].

2.3. The selected factors of production

2.3.1. Species and varieties

Yielding of legume-cereal mixtures largely depend on the proper selection of species. Spring
barley can be a good component for the mixtures with peas, due to similar habitat require‐
ments, similar length of growing season and high nutritional value of seeds of such mixture,
but also spring triticale and spring wheat, especially on the better soils. Naked oats, however,
is a weaker component due to its low yield of grain which is also variable in years [35, 36].
Husked cultivars of oats and barley, however, are more useful to mixture with peas compared
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to the naked forms of these cereals (Table 4). Vetch yields best in a mixture with wheat, but
triticale is also a good component for this legume crop (Figure 1). Other studies show, however,
that spring barley is a better component for self-finishing cultivar of vetch compared to oats
[37]. Lupines yield good in the mixtures with spring triticale and spring wheat, but poorly in
the sowings with oats. In the mixture with oats, the yields of lupine seeds are low and variable
in years, and their share in the yield of mixtures usually does not exceed 10%. In addition,
yellow lupine proves to be more useful for mixtures with spring cereals than blue lupine [38,
39, 40].

Mixtures composition

(sowing: seeds number per m2)

Seeds yield (t·ha-1)

mixture cereal pea

Barley naked (240) + pea (28) 6.35 5.70 0.65

Barley naked (205) + pea (35) 6.46 5.75 0.71

Barley husked (240) + pea (28) 7.20 6.49 0.71

Barley husked (205) + pea (35) 7.51 6.66 0.85

Oat naked (390) + pea (28) 4.20 3.61 0.59

Oat naked (335) + pea (35) 4.19 3.54 0.65

Oat husked (390) + pea (28) 6.19 5.53 0.66

Oat husked (335) + pea (35) 5.97 5.31 0.67

Table 4. Seeds yield and its components of mixtures of husked and naked spring cereals with pea [41]
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On better soils, the choice of cereal species for the mixtures with peas is less important than
the choice of legume variety for the cultivation effects [43]. Pea varieties differ considerably in
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term of the stems length, leaf arrangement, susceptibility to lodging and length of the growing
season. They also differ in term of their complementarity in relation to cereals. It is important
to choose the cultivars which yield best under given habitat conditions. The height of the
components in the mixtures and their diverse habitus determine the canopy architecture. Large
differences in the height of plants lead to layered structure of the stand, which creates less
favorable light conditions for the species with shorter stems. Particularly unfavorable condi‐
tions occur when legumes dominate over cereals, because it leads to the lodging of plants and,
consequently, to the yield reduction [44, 45]. High yielding potential was recorded for tendril-
leaf cultivars of pea, which are particularly useful for mixtures with spring cereals grown for
seeds. Due to the large amount of tendrils, they have a lower coefficient of transpiration and
are less susceptible to lodging. Self-finishing cultivars of faba bean are very useful for legume-
cereal mixtures, which under favorable soil and moisture conditions yield better in the
mixtures with cereals compared to their sole crops [36].

One of the most important factors determining appropriate yielding of mixtures is the share
of components seeds at sowing. Cereal sown with legumes gives greater yielding stability of
the mixture, but it is also a strong competitor to the legume which causes that the share of
legume seeds in the mixture yield is often variable and low. The studies on sowing density
and the share of mixture components show that the percentage of legumes seeds should range
from 30 to 50%. At tendency to higher lodging, of for example peas, a lower share of about
30% is more favorable [16, 46, 47]. The yields of mixtures primarily depends on the yield of
cereal component, while only to a small degree on legume species. Increasing the share of
legume seeds in the sowing norm increases their share in the yield, but the yield of grain cereals
and the total yield of mixtures generally decrease (Tables 5, 6). This relationship has been
confirmed for the mixtures of spring cereals with peas, yellow and blue lupine [39, 40, 42, 45,
47, 48, 49]. The yield and stability of the mixtures are therefore determined by the yield of
cereals, and to a lower extent – by legumes. When determining the quantitative composition
of the mixtures components of spring cereals with legumes, the following factors should be
taken into account: the degree of lodging of the components, plant height, time of maturity
and desirable share of legume seeds in the mixture yield, which should range between 20 to
40%.

Lupine share (%) Cereal species in mixture

barley wheat triticale barley wheat triticale

yield of mixture seeds (t·ha-1) share of lupine seeds (%)

40 4.03 c* 4.00 c 4.23 b 5.2 7.3 8.0

60 3.74 b 3.80 b 4.17 b 9.4 10.3 10.8

80 3.41 a 3.34 a 3.51 a 14.8 15.4 15.0

* Number within columns followed by the same letters do not differ significantly

Table 5. Yield of seeds mixtures and share of blue lupine seeds in mixtures depending on cereal species and share of
blue lupine in sowing [own study].
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term of the stems length, leaf arrangement, susceptibility to lodging and length of the growing
season. They also differ in term of their complementarity in relation to cereals. It is important
to choose the cultivars which yield best under given habitat conditions. The height of the
components in the mixtures and their diverse habitus determine the canopy architecture. Large
differences in the height of plants lead to layered structure of the stand, which creates less
favorable light conditions for the species with shorter stems. Particularly unfavorable condi‐
tions occur when legumes dominate over cereals, because it leads to the lodging of plants and,
consequently, to the yield reduction [44, 45]. High yielding potential was recorded for tendril-
leaf cultivars of pea, which are particularly useful for mixtures with spring cereals grown for
seeds. Due to the large amount of tendrils, they have a lower coefficient of transpiration and
are less susceptible to lodging. Self-finishing cultivars of faba bean are very useful for legume-
cereal mixtures, which under favorable soil and moisture conditions yield better in the
mixtures with cereals compared to their sole crops [36].

One of the most important factors determining appropriate yielding of mixtures is the share
of components seeds at sowing. Cereal sown with legumes gives greater yielding stability of
the mixture, but it is also a strong competitor to the legume which causes that the share of
legume seeds in the mixture yield is often variable and low. The studies on sowing density
and the share of mixture components show that the percentage of legumes seeds should range
from 30 to 50%. At tendency to higher lodging, of for example peas, a lower share of about
30% is more favorable [16, 46, 47]. The yields of mixtures primarily depends on the yield of
cereal component, while only to a small degree on legume species. Increasing the share of
legume seeds in the sowing norm increases their share in the yield, but the yield of grain cereals
and the total yield of mixtures generally decrease (Tables 5, 6). This relationship has been
confirmed for the mixtures of spring cereals with peas, yellow and blue lupine [39, 40, 42, 45,
47, 48, 49]. The yield and stability of the mixtures are therefore determined by the yield of
cereals, and to a lower extent – by legumes. When determining the quantitative composition
of the mixtures components of spring cereals with legumes, the following factors should be
taken into account: the degree of lodging of the components, plant height, time of maturity
and desirable share of legume seeds in the mixture yield, which should range between 20 to
40%.

Lupine share (%) Cereal species in mixture

barley wheat triticale barley wheat triticale

yield of mixture seeds (t·ha-1) share of lupine seeds (%)

40 4.03 c* 4.00 c 4.23 b 5.2 7.3 8.0

60 3.74 b 3.80 b 4.17 b 9.4 10.3 10.8

80 3.41 a 3.34 a 3.51 a 14.8 15.4 15.0

* Number within columns followed by the same letters do not differ significantly

Table 5. Yield of seeds mixtures and share of blue lupine seeds in mixtures depending on cereal species and share of
blue lupine in sowing [own study].
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Mixture components
Sowing rate

(number per

m2)

Yield

oat

(number per

m2)

pea variety

oat seeds pea seeds Sum - mixtures

t·ha-1 % mean t·ha-1 % mean t·ha-1 % mean

412

Dawo

30

45

60

3.57

3.08

2.59

118

102

86

0.68

1.06

1.27

73

115

137

4.25

4.14

3.85

108

105

98

Ramrod

30

45

60

3.64

3.26

2.93

121

108

97

0.46

0.72

1.06

49

77

115

4.10

3.98

3.99

104

101

101

Turkan

30

45

60

3.46

2.94

2.20

115

98

73

0.63

0.95

1.26

68

103

136

4.09

3.90

3.47

104

99

88

275

Dawo

30

45

60

3.38

2.90

2.43

112

96

81

0.81

1.07

1.52

88

116

164

4.19

3.97

3.95

106

101

100

Ramrod

30

45

60

3.48

3.24

3.00

116

108

100

0.60

0.69

0.97

65

75

105

4.08

3.93

3.98

104

100

101

Turkan

30

45

60

3.30

2.74

2.06

110

91

68

0.63

0.95

1.34

68

103

144

3.93

3.69

3.39

100

94

86

Table 6. Yield of mixtures and their components depending on sowing rate [35]

2.3.2. Soil

The yields of legume-cereal mixtures largely depend on the soil type. On good soils, almost
all plant species can be grown and yield very well, because there are no significant restrictions
in terms of the selection of individual species. Mixtures may, however, be successfully grown
on the worse soils by one quality class than their components grown in sole crops. As a result
of differentiated plant growth and development rhythms of individual components, the plants
better use of habitat conditions in less favorable soil conditions, as well as in the fields with
differentiated soil, deficient water conditions, different forecrops or levels of soil culture [50].
Mixtures of peas with wheat and barley yielded best on Gleyic Phaeozem, Fluvic Cambisol
and Haplic Luviosol. The poorest soils are based on sand [51]. On lighter soils (good rye
complex), the most efficient mixture was spring triticale with yellow lupine, while slightly
worse-triticale with pea and triticale with vetch. Mixtures of oats with yellow lupine and oats
with pea also yielded well in such soil conditions [45, 52]. On good soil (good wheat complex),
there is no need to cultivate spring cereals with lupines (white, yellow or blue), because the
level of their yield has been found not significantly higher than on poorer soils. They are a
valuable component, for cultivation on medium and light soils.
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An important factor influencing the yield of mixtures is the availability of water in the ground.
In the conditions of lower soil moisture, legume-cereal mixtures yielded better than sole crops
[53]. Studies have shown that the use of irrigation allows for a cultivation of mixtures for the
green matter even on very poor soils, guaranteeing a high level of yield [54].

2.3.3. Fertilization

Nitrogen fertilization is an agrotechnological factor which significantly affects the yield and
quality of cereal and legume crops. Legume-cereal mixtures are feeding with lower doses of
nitrogen compared to sole cereals. The reason of it is that at lower fertilization, the assimilation
of atmospheric nitrogen by legumes increases, and also there crops are less susceptible to the
lodging. There is also a smaller competition of cereals in relation to legumes. Increasing
nitrogen fertilization results in the dominance of cereal plants, which adversely affects the
morphological features and yields of legumes. The reaction of mixtures to the level of nitrogen
fertilization also depends on the type of soil and the share of components. A stronger positive
effect of fertilization on yield mixtures was observed on lighter soils and at the higher share
of cereals [55].

In organic farming, it is necessary to completely resign from mineral nitrogen fertilization,
which at the appropriate share of mixture components, good soil and moisture conditions and
proper agricultural techniques, does not cause a significant decrease in the yield of mixture
seeds. Natural or organic fertilization may be also used, but in a limited extent. Our study
showed that in the lack of fertilization, the mixture of barley with peas was the most efficient,
but mixtures of oats with peas and oats with vetch provided good yields as well. The signifi‐
cantly weakest was mixture of barley with vetch. In the case of the treatments fertilized with
composted manure (at a dose of 30 t ha-1), the mixtures which included peas were more efficient
(Table 7). The facts that intercropping of legumes and cereals has produced higher yields than
sole cereals without nitrogen fertilization was noticed by several reserchers [56, 57, 58].

Mixture composition Without fertilization Fertilization of compost

green matter yield

(t·ha-1)

dry matter yield

(t·ha-1)

green matter yield

(t·ha-1)

dry matter yield

(t·ha-1)

Oat+pea 40.7 b* 9.1 b 39.2 c 8.8 b

Oat+vetch 39.0 b 8.4 b 35.8 b 8.2 b

Barley+pea 41.2 b 10.2 c 38.4 c 8.6 b

Barley+vetch 32.6 a 7.0 a 32.1 a 7.0 a

* Number within columns followed by the same letters do not differ significantly

Table 7. Green and dry matter yields of mixtures cropped on silage [own study]
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2.3.2. Soil

The yields of legume-cereal mixtures largely depend on the soil type. On good soils, almost
all plant species can be grown and yield very well, because there are no significant restrictions
in terms of the selection of individual species. Mixtures may, however, be successfully grown
on the worse soils by one quality class than their components grown in sole crops. As a result
of differentiated plant growth and development rhythms of individual components, the plants
better use of habitat conditions in less favorable soil conditions, as well as in the fields with
differentiated soil, deficient water conditions, different forecrops or levels of soil culture [50].
Mixtures of peas with wheat and barley yielded best on Gleyic Phaeozem, Fluvic Cambisol
and Haplic Luviosol. The poorest soils are based on sand [51]. On lighter soils (good rye
complex), the most efficient mixture was spring triticale with yellow lupine, while slightly
worse-triticale with pea and triticale with vetch. Mixtures of oats with yellow lupine and oats
with pea also yielded well in such soil conditions [45, 52]. On good soil (good wheat complex),
there is no need to cultivate spring cereals with lupines (white, yellow or blue), because the
level of their yield has been found not significantly higher than on poorer soils. They are a
valuable component, for cultivation on medium and light soils.
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An important factor influencing the yield of mixtures is the availability of water in the ground.
In the conditions of lower soil moisture, legume-cereal mixtures yielded better than sole crops
[53]. Studies have shown that the use of irrigation allows for a cultivation of mixtures for the
green matter even on very poor soils, guaranteeing a high level of yield [54].

2.3.3. Fertilization

Nitrogen fertilization is an agrotechnological factor which significantly affects the yield and
quality of cereal and legume crops. Legume-cereal mixtures are feeding with lower doses of
nitrogen compared to sole cereals. The reason of it is that at lower fertilization, the assimilation
of atmospheric nitrogen by legumes increases, and also there crops are less susceptible to the
lodging. There is also a smaller competition of cereals in relation to legumes. Increasing
nitrogen fertilization results in the dominance of cereal plants, which adversely affects the
morphological features and yields of legumes. The reaction of mixtures to the level of nitrogen
fertilization also depends on the type of soil and the share of components. A stronger positive
effect of fertilization on yield mixtures was observed on lighter soils and at the higher share
of cereals [55].

In organic farming, it is necessary to completely resign from mineral nitrogen fertilization,
which at the appropriate share of mixture components, good soil and moisture conditions and
proper agricultural techniques, does not cause a significant decrease in the yield of mixture
seeds. Natural or organic fertilization may be also used, but in a limited extent. Our study
showed that in the lack of fertilization, the mixture of barley with peas was the most efficient,
but mixtures of oats with peas and oats with vetch provided good yields as well. The signifi‐
cantly weakest was mixture of barley with vetch. In the case of the treatments fertilized with
composted manure (at a dose of 30 t ha-1), the mixtures which included peas were more efficient
(Table 7). The facts that intercropping of legumes and cereals has produced higher yields than
sole cereals without nitrogen fertilization was noticed by several reserchers [56, 57, 58].

Mixture composition Without fertilization Fertilization of compost

green matter yield

(t·ha-1)

dry matter yield

(t·ha-1)

green matter yield

(t·ha-1)

dry matter yield

(t·ha-1)

Oat+pea 40.7 b* 9.1 b 39.2 c 8.8 b

Oat+vetch 39.0 b 8.4 b 35.8 b 8.2 b

Barley+pea 41.2 b 10.2 c 38.4 c 8.6 b

Barley+vetch 32.6 a 7.0 a 32.1 a 7.0 a

* Number within columns followed by the same letters do not differ significantly

Table 7. Green and dry matter yields of mixtures cropped on silage [own study]
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3. Nutritional value of legume-cereal mixtures (whole-crop silage and
grain)

The seeds of legumes are significantly different from the grains of cereals. They contain large
amounts of total protein (20 to 40%) and crude fibre and considerably higher amount of
minerals compared to the cereals (mainly P), and small amounts of Ca and vitamins. Legume
protein is deficient in methionine, a very important amino acid affecting its biological value,
but on the other hand, it contains more lysine compared to the cereals. Legume seeds also
contain anti-nutritional substances which cause bitter taste of feed and reduce its digestibility
and the nutrient availability, so their share in the feed ration should be properly adjusted. It
should be noted, however, that as a result of breeding progress there are legume varieties
which do not contain or contain only insignificant amounts of anti-nutritional substances, such
as alkaloids in lupines or tannins in faba beans and fodder peas, which would limit their
feeding.

Cereal species

in mixture

Lupine

share (%)

Total protein

(g·kg-1)

Crude fibre

(g·kg-1)

Crude fat

(g·kg-1)

Crude ash

(g·kg-1)

P

(g·kg-1)

K

(g·kg-1)

Barley

40 114 26.2 22.2 20.9 3.5 4.4

60 131 49.3 25.8 24.8 3.8 5.8

80 139 51.2 27.0 24.6 4.2 5.7

Wheat

40 152 33.0 23.0 22.7 3.9 5.8

60 177 34.8 26.8 22.4 4.3 5.9

80 172 40.0 29.4 24.8 4.0 6.4

Triticale

40 139 30.6 22.0 24.5 4.2 6.1

60 148 39.0 25.1 24.7 4.0 6.2

80 158 46.0 26.2 27.2 4.6 7.3

Table 8. Content of nutrient components and macroelements in mixture seeds depending on spring cereal species
and share of blue lupine [own study]

Growing legume-cereal mixtures significantly enriched feed, especially in protein. High
efficiency of protein was recorded in the mixtures of peas with oats, but in terms of the feed
quality, mixtures of pea with barley or triticale were favorable as well [59, 60, 61]. The results
of the studies on mixtures of peas with barley, oats and wheat have shown that together with
the increase of the share of legume, there was also an increase the concentration of protein in
cereal grains and its share in the mixture yield [62]. The highest yield of protein was obtained
when the share of peas in mixtures with barley and wheat was 75%, and with oats-50%. Our
results confirmed these relationships. Increasing the share of blue lupine in two-species
mixtures with barley, wheat and triticale resulted in an increase in the total protein content in
the yield of mixtures seeds, but the concentration of crude fibre and crude fat has been
increased (Table 8). The highest fat and protein content were found in the mixture of lupine
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with wheat, while the mixture with barley had the lowest amount of these components [40].
In the case of mixtures of peas with barley, there was also an increase in the content of total
protein and crude fat in seed yield together with increasing share of legumes at sowing, while
the amount of crude fibre decreased (Table 9). The share of pea in the yield had an only
insignificant effect on the contents of P, K and Mg [60].

Pea share

(%)

Total

protein

(g·kg-1)

Crude fibre

(g·kg-1)

Crude fat

(g·kg-1)

Crude ash

(g·kg-1)

P

(g·kg-1)

K

(g·kg-1)

Ca

(g·kg-1)

Mg

(g·kg-1)

40 183.4 41.0 30.2 25.2 4.4 6.8 0.91 1.3

60 200.6 37.8 31.9 25.6 4.6 8.1 0.92 1.2

80 210.0 35.6 33.7 26.0 4.6 8.6 0.99 1.2

Table 9. Content of nutrient components and macroelements in mixture seeds of pea-barley depending on share of
pea [own study]

Legume-cereal mixtures can be grown for green matter and used as a raw material for the
production of silage for ruminants or they can be grown for seeds and be used as a component
of concentrated feed for monogastric animals. Due to high yields and digestibility of dry
matter, the phase of milk-dough stage of cereal is the appropriate term to harvest the mixture
for green matter. Silage made from such a mixture may be administered to animals as the only
roughage. The results of experiments have shown that silage from the whole-plant legume-
cereal mixtures allows to achieve large weight gains of bulls, and the nutrients of that feed are
well utilized [63]. It was also found that the energy value of the silage from whole plant of
legume-cereal mixtures is similar to maize silage harvested for green matter at milk-dough
stage of grain maturity [64]. Dairy cows fed of peas mixed with barley, were characterized a
higher milk production compared to the animals fed only with barley. In addition, live weight
of cows increased together with the increase in the share of pea in the silage [65]. Better milk
production results in cows were obtained when they were fed with silage from the mixtures
of pea with barley compared with the mixture of pea with triticale. Higher content of protein
and lower content of neutral digestibility fibre (NDF) clearly indicated a more favorable
cultivation of such mixture [66]. Protein and energy value of silage from legume-cereal
mixtures depends on their composition and the share of individual components. Our study
showed that mixtures of pea and vetch with oats had the highest protein and energy value
compared to the mixture with barley (Table 10). Taking into account the share of components,
it was found that increasing the share of legume seeds at sowing increases digestibility and
improves the protein value of the feed made of the mixtures [49].

The nutritional value of legume-cereal mixtures grown for grains mainly depends on the
composition of the mixture and the share of components. One of the most important criteria
for grain quality evaluation is concenration of crude protein. Analysis of grain quality showed
that crude protein concentration in the total intercrops grain yields was significantly higher
compared with the sole wheat, but was lower than in sole grain legumes (Table 11). The highest
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quality, mixtures of pea with barley or triticale were favorable as well [59, 60, 61]. The results
of the studies on mixtures of peas with barley, oats and wheat have shown that together with
the increase of the share of legume, there was also an increase the concentration of protein in
cereal grains and its share in the mixture yield [62]. The highest yield of protein was obtained
when the share of peas in mixtures with barley and wheat was 75%, and with oats-50%. Our
results confirmed these relationships. Increasing the share of blue lupine in two-species
mixtures with barley, wheat and triticale resulted in an increase in the total protein content in
the yield of mixtures seeds, but the concentration of crude fibre and crude fat has been
increased (Table 8). The highest fat and protein content were found in the mixture of lupine
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with wheat, while the mixture with barley had the lowest amount of these components [40].
In the case of mixtures of peas with barley, there was also an increase in the content of total
protein and crude fat in seed yield together with increasing share of legumes at sowing, while
the amount of crude fibre decreased (Table 9). The share of pea in the yield had an only
insignificant effect on the contents of P, K and Mg [60].
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60 200.6 37.8 31.9 25.6 4.6 8.1 0.92 1.2

80 210.0 35.6 33.7 26.0 4.6 8.6 0.99 1.2

Table 9. Content of nutrient components and macroelements in mixture seeds of pea-barley depending on share of
pea [own study]

Legume-cereal mixtures can be grown for green matter and used as a raw material for the
production of silage for ruminants or they can be grown for seeds and be used as a component
of concentrated feed for monogastric animals. Due to high yields and digestibility of dry
matter, the phase of milk-dough stage of cereal is the appropriate term to harvest the mixture
for green matter. Silage made from such a mixture may be administered to animals as the only
roughage. The results of experiments have shown that silage from the whole-plant legume-
cereal mixtures allows to achieve large weight gains of bulls, and the nutrients of that feed are
well utilized [63]. It was also found that the energy value of the silage from whole plant of
legume-cereal mixtures is similar to maize silage harvested for green matter at milk-dough
stage of grain maturity [64]. Dairy cows fed of peas mixed with barley, were characterized a
higher milk production compared to the animals fed only with barley. In addition, live weight
of cows increased together with the increase in the share of pea in the silage [65]. Better milk
production results in cows were obtained when they were fed with silage from the mixtures
of pea with barley compared with the mixture of pea with triticale. Higher content of protein
and lower content of neutral digestibility fibre (NDF) clearly indicated a more favorable
cultivation of such mixture [66]. Protein and energy value of silage from legume-cereal
mixtures depends on their composition and the share of individual components. Our study
showed that mixtures of pea and vetch with oats had the highest protein and energy value
compared to the mixture with barley (Table 10). Taking into account the share of components,
it was found that increasing the share of legume seeds at sowing increases digestibility and
improves the protein value of the feed made of the mixtures [49].

The nutritional value of legume-cereal mixtures grown for grains mainly depends on the
composition of the mixture and the share of components. One of the most important criteria
for grain quality evaluation is concenration of crude protein. Analysis of grain quality showed
that crude protein concentration in the total intercrops grain yields was significantly higher
compared with the sole wheat, but was lower than in sole grain legumes (Table 11). The highest
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crude protein concentration was determined in wheat and vetch intercrop grain yield. The
same relationships have been found in the studies on mixtures of wheat and spring barley with
peas. In addition, it has been shown that these mixtures contained more methionine, and barley
also contained more threonine than cereals grown in sole crops [67].

Treatment Grain yield

(t·ha-1)

Crude protein

(g·kg-1 of DM)

Crude protein

(kg·ha-1 of grain yield)

Wheat 3.15 113 354

Pea 2.37 230 538

Lupine 1.51 259 383

Bean 1.99 287 571

Vetch 1.88 314 593

Wheat+pea 2.93 130 393

Wheat+lupine 2.77 121 356

Wheat+bean 2.84 135 396

Wheat+vetch 3.34 159 553

Table 11. The grain and crude protein yield of spring wheat and legume grown as sole and dual intercrops [58]

The nutritional value of seeds and grains of legume-cereal mixtures is also analyzed by testing
the nutritional value of the protein expressed by the ratio of essential egzogenic amino acids-

Mixture

composition

PDIF*

(g·kg DM)

PDIN

(g·kg DM)

PDIE

(g·kg DM)

UFL

(g·kg DM)

UFV

(g·kg DM)

Digestibility

of DM (%)

Oat+pea 35.0 98.5 86.8 0.75 0.71 66.2

Oat+vetch 34.7 100.7 87.0 0.76 0.70 66.0

Barley+pea 28.6 86.8 82.7 0.73 0.68 66.2

Barley+vetch 28.8 87.2 83.2 0.74 0.69 66.4

*PDIF – protein digested in the small intestine
PDIN – protein digested in the small intestine supplied by rumen-undegraded dietary protein plus protein digested in
the small intestine supplied by microbial protein from rumen-degraded protein
PDIE – protein digested in the small intestine supplied by rumen-undegraded dietary protein plus protein digested in
the small intestine supplied by microbial protein from rumen-fermented organic matter
UFL – feed unit for lactation
UFV – feed unit for maintenance and meat production

Table 10. Energy and protein value and digestibility of dry matter of legume-cereal mixtures (50% cereals +
50%legumes) [own study]
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EAAI (Essential Amino Acid Index) of Oser’s and a rate of limiting amino acid-CS (Chemical
Score) of Block and Mitchell’s. The results showed that mixtures of winter triticale with vetch
had higher EAAI rates than mixtures of winter rye with vetch, and isoleucine was the amino
acid which limited nutritional value of the protein. On the other hand, the mixture of spring
triticale with field pea characterized by higher rate of protein nutrition value EAAI and high
content of lysine, isoleucine and threonine in comparison with a mixture of triticale with pea
[68, 69].

4. Weed infestation of legume-cereal mixtures

Control of weed infestation in organic farming involves the use of direct methods, involving
interventions into the stand and indirect methods of preventive character, such as proper crop
rotation, choice of varieties with greater competitiveness against weeds, proper agronomical
practices and the use of undersown crops and mixed sowings [70, 71, 72]. Mixed sowings of
legumes with cereals strongly compete with weeds than sole crops, but it is also dependent
on the composition of the mixture, the share of components, as well as weather and habitat
conditions [58]. Our findings showed that among four mixtures of: oats with peas, oats with
vetch, barley with peas and barley with vetch, with 50% share of the components at sowing,
the mixture of barley with peas was the most weedy, as evidenced by the largest matter and
number of weeds (Table 12). This mixture was also characterized by the largest species
diversity of weeds, estimated by Shannon index. The most competitive to weeds was the
mixture of oats with vetch. The mixture of barley with vetch had the smallest species diversity
of weeds, as was estimated by Simpson’s index which indicated a clear dominance of one weed
species (Figure 2) [73]. Other studies indicate that among the four mixtures of spring wheat
with legumes, such as peas, lupine, vetch and faba bean, the mixture of wheat with vetch
limited weed infestation the most, while the least competitive was the mixture with lupine.
The highest weed infestation was recorded in the sole lupine and pea [58]. Increasing the share
of legume in the mixture caused an increase in weed infestation, which indicates higher
competitiveness of cereals than legumes in relation to weeds [73, 74, 75]. Weather conditions
have also the significant impact on weed infestation of mixtures. The favorable effect of
mixtures on reducing of weed infestation discloses more in the wet years, which favor the
development of mixtures and weeds [73, 75].

Mixture composition Fresh matter of

weeds (g·m-2)

Dry matter of weeds

(g·m-2)

Number of weeds

(plants·m-2)

Number of weeds

species

Oat + pea 83.1 17.4 20.7 11

Oat + vetch 53.8 11.9 19.9 10

Barley + pea 355.2 37.8 46.1 16

Barley + vetch 183.7 23.0 42.1 11

Table 12. Weeds mass and number in mixtures depending on share of components [own study]
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Figure 2. Shannon’s diversity index (H’) and Simpson’s dominance index (SI) for weed flora in mixtures [own study]

5. Undersown crop of serradella in cereals

Intercrop cultivation is one of the agrotechnological ways to reduce adverse changes in agro-
ecosystems, which are the result of a large share of cereals in cropping pattern. Their biomass
is a significant source of organic matter, and it also has a positive effect on the physical,
chemical and biological properties of the soil [76]. Serradella is a species of legume which yields
well on poor, slightly acidic soils. Its cultivation provides a number of benefits for animals;
provides a valuable, easily digestible feed, positively affects the milk yield of dairy cows, does
not contain harmful compounds and it is willingly fed by animals [77]. Undersown into cereal
as a support plant, it is more reliable in yielding, less prone to lodging and does not cause
trouble during combine harvest. Growing mixed crops also creates more competition for
weeds, which allows reducing, and in organic farming, to completely resign from herbicides
[72, 78, 79, 80, 81].

Cultivation of serradella has also an ecological importance. The crop residue of this plant
contains about 50 kg ha-1 of nitrogen, which is largely derived from a biological fixation.
Serradella also plays phytosanitary role, reducing the spread of diseases and pests, regenerates
the soil and improves balance of organic matter and soil fertility [82, 83]. A limitation in the
cultivation of serradella is moisture. The deficiency of water in the initial stages of growth
negatively affects the yield of this species [84].

Serradella can be undersown into spring and winter cereals grown for green matter or grains.
Our findings showed that undersown serradella positively affected on dry matter yield of
spring and winter cereals harvested at the milk-dough stage (for green matter). The highest
increase of cereal yield was achieved in the cultivation of serradella with spring barley (Table
13). In the cultivation of cereals for grains (full maturity stage), undersown serradella did not
significantly affect the yield of spelt wheat and oats, but limited the yield of spring barley and
winter rye compared with the sole crops. The yield of serradella green matter undersown into
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cereals harvested for green matter was almost two-times higher compared to those harvested
in full maturity stage. Regardless of the time of harvesting of the cover crop, the highest yields
of serradella green matter were obtained at undersowing into spelt wheat [85, 86].

Specification

Harvest for green matter Harvest for grain

yield of cereal DM

(t·ha-1)

green matter of

serradella (t·ha-1)

yield of cereal

grain (t·ha-1)

green matter of

serradella (t·ha-1)

Spelt wheat 4.54 2.61

Spelt wheat+serradella 5.32 9.26 2.69 5.02

Winter rye 4.97 2.33

Winter rye+serradella 5.59 7.42 2.06 4.67

Oat 8.36 4.08

Oat+serradella 8.21 7.34 3.99 4.15

Spring barley 6.27 3.26

Spring barley+serradella 8.46 8.13 2.54 4.67

Table 13. Yield of cereals in sole crop and intercropped with serradella depending on the harvest time of cover crop
[own study]

Serradella undersown into cereals increases the content of total nitrogen and organic carbon
in the soil as compared to the contents before sowing of serradella. Furthermore, the amount
of nitrogen at harvesting cereals for seeds is higher than at harvesting for green matter. A
longer growing period of legumes grown for seeds contributes to a more efficient fixation of
atmospheric nitrogen. The process of mineralization of aging roots, nodules as well as leaves,
flowers and pods which fell from the lower layers of legumes is started, and nitrogen and other
components are released into the soil [86, 87].

6. Conclusions

The cultivation of mixtures of legumes and cereals offers a number of potential agronomic
benefits. Coming from two different plant families, legumes and cereals complement each
other in the capture of resources. Cereal crops growing in the vicinity of legumes benefit
from nitrogen assimilated by legume root nodule bacteria. Increasing the supply of nitrogen
by applying fertilizer caused in a substantial reduction of fixation of atmospheric nitrogen
by legume crops. Mixtures are particularly relevant to the exploitation of poorer soils which
are unsuitable for the production of either component grown as a sole crop. Yielding of the
mixtures is highly dependent on the species and proportion of component. The share of le‐
gumes in the seed mixture in terms of seed number is recommended to range from 30 to
50%. Total seed yield of mixtures decreases with increasing share of legume seeds in sow‐
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Figure 2. Shannon’s diversity index (H’) and Simpson’s dominance index (SI) for weed flora in mixtures [own study]
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ecosystems, which are the result of a large share of cereals in cropping pattern. Their biomass
is a significant source of organic matter, and it also has a positive effect on the physical,
chemical and biological properties of the soil [76]. Serradella is a species of legume which yields
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weeds, which allows reducing, and in organic farming, to completely resign from herbicides
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Cultivation of serradella has also an ecological importance. The crop residue of this plant
contains about 50 kg ha-1 of nitrogen, which is largely derived from a biological fixation.
Serradella also plays phytosanitary role, reducing the spread of diseases and pests, regenerates
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negatively affects the yield of this species [84].

Serradella can be undersown into spring and winter cereals grown for green matter or grains.
Our findings showed that undersown serradella positively affected on dry matter yield of
spring and winter cereals harvested at the milk-dough stage (for green matter). The highest
increase of cereal yield was achieved in the cultivation of serradella with spring barley (Table
13). In the cultivation of cereals for grains (full maturity stage), undersown serradella did not
significantly affect the yield of spelt wheat and oats, but limited the yield of spring barley and
winter rye compared with the sole crops. The yield of serradella green matter undersown into
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cereals harvested for green matter was almost two-times higher compared to those harvested
in full maturity stage. Regardless of the time of harvesting of the cover crop, the highest yields
of serradella green matter were obtained at undersowing into spelt wheat [85, 86].

Specification

Harvest for green matter Harvest for grain

yield of cereal DM

(t·ha-1)

green matter of

serradella (t·ha-1)

yield of cereal

grain (t·ha-1)

green matter of

serradella (t·ha-1)

Spelt wheat 4.54 2.61

Spelt wheat+serradella 5.32 9.26 2.69 5.02

Winter rye 4.97 2.33

Winter rye+serradella 5.59 7.42 2.06 4.67

Oat 8.36 4.08

Oat+serradella 8.21 7.34 3.99 4.15

Spring barley 6.27 3.26

Spring barley+serradella 8.46 8.13 2.54 4.67

Table 13. Yield of cereals in sole crop and intercropped with serradella depending on the harvest time of cover crop
[own study]

Serradella undersown into cereals increases the content of total nitrogen and organic carbon
in the soil as compared to the contents before sowing of serradella. Furthermore, the amount
of nitrogen at harvesting cereals for seeds is higher than at harvesting for green matter. A
longer growing period of legumes grown for seeds contributes to a more efficient fixation of
atmospheric nitrogen. The process of mineralization of aging roots, nodules as well as leaves,
flowers and pods which fell from the lower layers of legumes is started, and nitrogen and other
components are released into the soil [86, 87].

6. Conclusions

The cultivation of mixtures of legumes and cereals offers a number of potential agronomic
benefits. Coming from two different plant families, legumes and cereals complement each
other in the capture of resources. Cereal crops growing in the vicinity of legumes benefit
from nitrogen assimilated by legume root nodule bacteria. Increasing the supply of nitrogen
by applying fertilizer caused in a substantial reduction of fixation of atmospheric nitrogen
by legume crops. Mixtures are particularly relevant to the exploitation of poorer soils which
are unsuitable for the production of either component grown as a sole crop. Yielding of the
mixtures is highly dependent on the species and proportion of component. The share of le‐
gumes in the seed mixture in terms of seed number is recommended to range from 30 to
50%. Total seed yield of mixtures decreases with increasing share of legume seeds in sow‐
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ing. Increasing the dose of nitrogen for the cultivation of mixtures usually leads to increase
in the yield of cereal component, but reduces the proportion of legume seeds in the crop.
Legume-cereal mixtures can be grown for green matter and used as a raw material for the
production of silage for ruminants or they can be grown for seeds and be used as a compo‐
nent of concentrated feed for monogastric animals. Increasing the share of legume seeds at
sowing increases the protein concentration, digestibility and improves the protein value of
the feed made of the mixtures.

Legume-cereal mixtures are a good forecrop for cereals. They reduce the negative effects as‐
sociated with sowing of cereals one after another. Mixtures enrich the soil with organic mat‐
ter and nutrients, but the value of their post-crop area depends on the choice of components,
their share in the stand, the level of yields and soil conditions. Cultivation of cereals after
legume-cereal mixtures is characterized by higher yield stability. An ecological importance
has also cultivation of serradella as undersown, which plays additionally phytosanitary role,
reducing the spread of diseases and pests and regenerates the soil. The benefits of mixed
sowings of legumes with cereals are associated with a significant reduction of weed infesta‐
tion, especially in organic farming. Intercrops are already largely adopted in organic farm‐
ing, but additional efforts in research are needed for their adoption in more number of
farms.
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ing. Increasing the dose of nitrogen for the cultivation of mixtures usually leads to increase
in the yield of cereal component, but reduces the proportion of legume seeds in the crop.
Legume-cereal mixtures can be grown for green matter and used as a raw material for the
production of silage for ruminants or they can be grown for seeds and be used as a compo‐
nent of concentrated feed for monogastric animals. Increasing the share of legume seeds at
sowing increases the protein concentration, digestibility and improves the protein value of
the feed made of the mixtures.

Legume-cereal mixtures are a good forecrop for cereals. They reduce the negative effects as‐
sociated with sowing of cereals one after another. Mixtures enrich the soil with organic mat‐
ter and nutrients, but the value of their post-crop area depends on the choice of components,
their share in the stand, the level of yields and soil conditions. Cultivation of cereals after
legume-cereal mixtures is characterized by higher yield stability. An ecological importance
has also cultivation of serradella as undersown, which plays additionally phytosanitary role,
reducing the spread of diseases and pests and regenerates the soil. The benefits of mixed
sowings of legumes with cereals are associated with a significant reduction of weed infesta‐
tion, especially in organic farming. Intercrops are already largely adopted in organic farm‐
ing, but additional efforts in research are needed for their adoption in more number of
farms.
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1. Introduction

The tomato (Solanum lycopersicum L.) is one of the world’s most important vegetables, with an
estimated total production of about 159.347 million tonnes in 2011 (FAOSTAT 2011). It is the
second most widely consumed vegetable after the potato [1]. Tomatoes are important not only
because of the large amount consumed, but also because of their high health and nutritional
contributions to humans. The tomato processing industry has made tremendous advances,
developing many forms of tomato-based foods, such as sauces, catsup (ketchup), puree, pastes,
soups, juices and juice blends, and canned tomatoes either whole or in diced, sliced, quartered
or stewed form [2]. The tomato’s attractive color and flavor have made it a dietary staple in
many parts of the world. Nutritional considerations also bring the tomato to the forefront.

In the human diet, it is an important source of micronutrients, certain minerals (notably
potassium) and carboxylic acids, including ascorbic, citric, malic, fumaric and oxalic acids [3;
4]. Tomatoes and tomato products are rich in food components that are antioxidant and
considered to be a source of carotenoids, in particular lycopene and phenolic compounds [5;
6; 7; 8], but low in fat and calories, as well as being cholesterol-free. Most importantly, tomato
consumption has been shown to reduce the risks of cardiovascular disease and certain types
of cancer, such as cancers of prostate, lung and stomach [9]. The health promoting benefits of
tomatoes and tomato products have been attributed mostly to the significant amount of
lycopene contained. The results of various studies suggest that lycopene plays a role in the
prevention of different health issues, cardiovascular disorders, digestive tract tumors and in
inhibiting prostate carcinoma cell proliferation in humans [10].

As a potent antioxidant, lycopene is presently marketed as a fortified nutritional supplement
[2]. Another carotenoid, β-carotene, a precursor of vitamin A, is also abundant in tomato. The
carotenoid content of tomatoes is affected by cultural practices on one side – genotype and

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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agronomic technique [11; 12] on the other side. The levels of carotenoids and phenolics are
very variable and may be affected by ripeness, genotype and cultivation methods [13; 14; 15].

Tomato quality is a function of several factors including the choice of cultivar, cultural
practices, harvest time and method, storage, and handling procedures. Increased interest in
organic tomato production imposed the need to evaluate the quality and nutritional value of
organic tomato.

Some studies have shown higher levels of bioactive compounds in organically produced
tomato fruits compared to conventional ones, but not all studies have been consistent in this
respect [16; 17; 18]. Organic tomatoes achieve higher prices and a guaranteed placement
compared to conventional tomatoes [19], because these products are often linked to protecting
the environment and to having better quality (taste, storage), and most people believe that
they are healthier. Organic system enhanced optimal production level but with higher cost of
cultivation (certification procedures, higher cost per unit of fertilizer, phytosanitary treatments
applied, more labor etc.), compared with conventional farming.

2. Production methods and fruit quality

Both conventional and organic agricultural practices include combinations of farming
practices that vary greatly depending upon region, climate, soils, pests and diseases, and
economic factors guiding the particular management practices used on the farm [20].These
differences between organic and conventional production are reflected in the fertilizer used
(organic-manure; conventional-mineral fertilizer), the number of phytosanitary treatments
(larger in organic system), and the pesticide types applied (preventive in the organic system
and preventive or healing with variable period of effectiveness in the conventional one) [21].

Organic production methods by definition do not guarantee a higher quality product [22].
Research results on the effects of organic and conventional production on fruit quality are
sometimes contradictory. In terms of quality, some studies report better taste, higher vitamin
C contents and higher levels of other quality related compounds for organically grown
products [20; 23], whereas several other studies have found the opposite or no differences in
quality characteristics between organically and conventionally grown vegetables [23]. The
factors influencing tomato quality are complex and interrelated, and additional studies are
necessary to consolidate the knowledge about the real interdependences.

One major problem in comparative studies might be that genuine organic and conventional
production systems differ in many factors and that a simple measurement of food composition
does not reflect its quality. Other scientists have argued that a valid comparison of nutritional
quality would, for example, require that the same cultivars are grown at the same location, in
the same soil and with the same amounts of nutrients [24; 25]. However, there is little infor‐
mation on the effect of different forms of cultivation on the antioxidant potential of tomatoes.
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3. Materials and methods

Three tomato varieties (Robin F1, Amati F1 and Elpida F1) have been tested in greenhouse
production (plastic tunnels 3.5m high, covered with termolux 180 μm) during 2008-2010,
located in the Sapes, Northeastern Greece, using two different growing systems: organic and
conventional. Greenhouse technology and horticultural practices differ little. The main
variations concerned pest control, fertilization and fertility of soil, which was of much better
quality in the organic production. In conventional cultivation mineral fertilizers and chemical
plant protection were applied. The differences between production systems were the fertilizers
used (organic: goat manure 3 tonnes/ha; conventional: mineral fertilizer NPK (12:12:17),
nitrophos blue special+2MgO+8S+Trace elements – 400 kg/ha), the number of phytosanitary
(solarization) treatments (larger in organic system), the pesticide types applied (preventive in
the organic systems and preventive or healing with variable period of effectiveness in the
conventional one). It was an early-medium production; planting was done between 15 April
and 20 April at a density of 2.64 plants/m2.

At the pink stage of ripening determined by visual inspection, samples were collected for
quality analyses (colour, firmness, total soluble solids, total sugar, total acidity content of
vitamin C, content of carotenoids and lycopene). For sensory evaluation fruits were evaluated
by trained descriptive panelists on the day of harvest (red stage). Tomato samples (20 fruits)
were collected each year from June till August and were taken from the third to sixth floral
branches.

Determination of total soluble solids (TSS) was carried out by a refractometer. The results were
reported as oBrix at 20 oC. The titrable acidity (TA) was measured with 5 ml aliquots of juice
that were titrated at pH 8.1 with 0.1 N NaOH (required to neutralize the acids of tomatoes in
phenolphthalein presence) and the results were expressed as citric acid percentages.

Pigment extraction from tomato fruits, preparation of extracts for analysis and calibration plots
of standard components were determined according to a described method [26].

Approximately 0.5 g of freeze-dried sample was weighed into porcelain crucibles that had
previously been heated for 3 hr at 550o C and was converted to white ash at this same tem‐
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agronomic technique [11; 12] on the other side. The levels of carotenoids and phenolics are
very variable and may be affected by ripeness, genotype and cultivation methods [13; 14; 15].

Tomato quality is a function of several factors including the choice of cultivar, cultural
practices, harvest time and method, storage, and handling procedures. Increased interest in
organic tomato production imposed the need to evaluate the quality and nutritional value of
organic tomato.

Some studies have shown higher levels of bioactive compounds in organically produced
tomato fruits compared to conventional ones, but not all studies have been consistent in this
respect [16; 17; 18]. Organic tomatoes achieve higher prices and a guaranteed placement
compared to conventional tomatoes [19], because these products are often linked to protecting
the environment and to having better quality (taste, storage), and most people believe that
they are healthier. Organic system enhanced optimal production level but with higher cost of
cultivation (certification procedures, higher cost per unit of fertilizer, phytosanitary treatments
applied, more labor etc.), compared with conventional farming.

2. Production methods and fruit quality

Both conventional and organic agricultural practices include combinations of farming
practices that vary greatly depending upon region, climate, soils, pests and diseases, and
economic factors guiding the particular management practices used on the farm [20].These
differences between organic and conventional production are reflected in the fertilizer used
(organic-manure; conventional-mineral fertilizer), the number of phytosanitary treatments
(larger in organic system), and the pesticide types applied (preventive in the organic system
and preventive or healing with variable period of effectiveness in the conventional one) [21].

Organic production methods by definition do not guarantee a higher quality product [22].
Research results on the effects of organic and conventional production on fruit quality are
sometimes contradictory. In terms of quality, some studies report better taste, higher vitamin
C contents and higher levels of other quality related compounds for organically grown
products [20; 23], whereas several other studies have found the opposite or no differences in
quality characteristics between organically and conventionally grown vegetables [23]. The
factors influencing tomato quality are complex and interrelated, and additional studies are
necessary to consolidate the knowledge about the real interdependences.

One major problem in comparative studies might be that genuine organic and conventional
production systems differ in many factors and that a simple measurement of food composition
does not reflect its quality. Other scientists have argued that a valid comparison of nutritional
quality would, for example, require that the same cultivars are grown at the same location, in
the same soil and with the same amounts of nutrients [24; 25]. However, there is little infor‐
mation on the effect of different forms of cultivation on the antioxidant potential of tomatoes.
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3. Materials and methods

Three tomato varieties (Robin F1, Amati F1 and Elpida F1) have been tested in greenhouse
production (plastic tunnels 3.5m high, covered with termolux 180 μm) during 2008-2010,
located in the Sapes, Northeastern Greece, using two different growing systems: organic and
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variations concerned pest control, fertilization and fertility of soil, which was of much better
quality in the organic production. In conventional cultivation mineral fertilizers and chemical
plant protection were applied. The differences between production systems were the fertilizers
used (organic: goat manure 3 tonnes/ha; conventional: mineral fertilizer NPK (12:12:17),
nitrophos blue special+2MgO+8S+Trace elements – 400 kg/ha), the number of phytosanitary
(solarization) treatments (larger in organic system), the pesticide types applied (preventive in
the organic systems and preventive or healing with variable period of effectiveness in the
conventional one). It was an early-medium production; planting was done between 15 April
and 20 April at a density of 2.64 plants/m2.
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were collected each year from June till August and were taken from the third to sixth floral
branches.
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4. Phytochemicals

The levels of some phenolic compounds are known to be higher in organic fruit. Plants create
phenolic compounds for many reasons, but a major reason is to make plant tissues less
attractive to herbivores, insects and other predators. Accordingly, it is important to sort out if
higher levels of phenolic compounds affect the taste of organic fruits and vegetables when
compared to conventionally grown produce [30].

The organic growing system affects tomato quality parameters such as nutritional value and
phenolic compound content. The effect of variety, season, harvest time, maturity, as well as
environmental factors such as light, water and nutrient supply on the antioxidant content of
tomatoes are reviewed by Dumas et al. [31].

Vitamin C of tomato fruits accounts for up to 40% of the recommended dietary allowance for
human beings. Farm management skills combined with site-specific effects contribute to high
vitamin C levels, and the choice of variety significantly influences the content of ascorbic acid
[32]. The variation in vitamin C content in tomatoes depends mainly on environmental
conditions. Exposure to light is a favorable factor for ascorbic acid accumulation [31; 33].
Therefore, it is important to compare organic and conventional foods that are planted and
harvested during the same season of the year and that originate from regions with similar
incidence of solar radiation.

Ascorbic acid content in organically fertilized tomatoes ranges between 29% and 31% [23, 34],
which is higher than the results obtained from tomatoes that were fertilized with mineral
solutions. Similarly, ascorbic acid content in tomatoes cultivated with an organic substrate was
higher than hydroponically cultivated tomatoes [35]. Many citations from literature confirm
that tomatoes coming from organic cultivation procedures present higher vitamin C content
than fruits from conventional cultivation [36; 37]. It was also found that fertilizer that was rich
in soluble nitrogen (N) could cause a decrease in the ascorbic acid content, probably for indirect
reasons, since the nitrogen supply increased the plants’ leaf density, which promoted shading
over the fruits.

Amati Robin Elpida

Organic Conventional Organic Conventional Organic Conventional

11.73 13.8 12.6 13.87 14.33 13.7

LSD 5% 5.69 3.15 6.13

LSD 1% 13.12 7.26 14.15

Table 1. Vitamin C content (mg 100g-1) in tomato at the organic and conventional production system

The results demonstrate consistent differences in vitamin C content between tomato cultivars
and method of cultivation. Thus, Elpida’ tomato fruit in organic production system contained
the highest level of vitamin C. Irrespective of the cultivation method used, ‘Elpida’ on average
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also contained the highest level of vitamin C (14.3 mg 100g-1) in comparison to the rest of the
examined tomato cultivars. The conventionally grown Amati and Robin tomato fruits
contained more vitamin C than their organically grown counterparts [38].

5. Lycopene content

The color of the fruits is an important consumer quality parameter. The typical color changes
during tomato ripening from green to red are associated with chlorophyll breakdown and the
synthesis of carotenoid pigments due to the transformation of chloroplasts to chromoplasts
[39]. Pigment synthesis in tomato is closely related to the initiation and progress to ripening
and red color of the fruit results from the accumulation of lycopene [40], so that lycopene has
been suggested as a good indicator of the level of ripening. Lycopene is considered the
predominant carotenoid of tomato fruit (80-90%), followed by β-carotene (5-10%) [41].

The lycopene level of tomato fruit is determined by the genetic potential of the cultivar. Most
commonly, lycopene levels range within 4.9 and 12.7 mg 100g–1 [42] or between 3.5 and 6.9
mg100g–1fresh weight (f.w.) [43]. Lycopene content ranged from 4.3 to 116.7 mg kg–1 on a fresh
weight basis, with cherry tomato types having the highest lycopene content [11].The distri‐
bution of lycopene in the tomato fruit is not uniform. The skin of the tomato fruit contains high
levels of lycopene, comprising an average of 37% of the total fruit lycopene content [45], or 3-
to 6-fold higher than in whole tomato pulp [44]. About 12 mg of lycopene per 100 g fresh weight
was found in tomato skin, while the whole tomato fruit contained only 3.4 mg 100g-1 fresh
weight [47]. The outer pericarp constitutes the largest amount of total carotenoids and
lycopene, while the locule contains a high proportion of carotene [46].

The lycopene content of tomato fruit also varies due to growing and environmental conditions,
mainly temperature and light. In general, field-grown tomatoes have higher levels of lycopene
than greenhouse grown fruit [13].The lycopene content determined in 39 tomato genotype
varieties ranged from 0.6 to 6.4 mg/100 g and 0.4 to 11.7 mg/100 g for greenhouse and field-
grown tomatoes, respectively [11]. Similarly, different cultivar varieties have been shown to
possess varied lycopene concentrations [13; 48; 49; 45]. Fruits from the indeterminate tomato
cultivar Daniela grown in the greenhouse had a higher lycopene content than field grown fruit
[50]. Lycopene content also changes significantly during maturation and accumulates mainly
in the deep red stage [51].

Tomatoes grown organically contained substantial amounts of lycopene when ripened to firm
red or soft red stages. About half of the total lycopene found in soft red tomatoes was present
in pink tomatoes and 70 percent in light-red fruit. Fruit picked at unripe stages (breaker
through light red) gained as much or more lycopene as those picked at the firm or soft red
stages. Results indicate that fruit could be harvested well before full visible red color without
loss of lycopene [52].

Tomatoes grown by the conventional or organic agricultural practices did not show any
significant difference in the carotenoid content [23].Thus, the absence of any difference
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cultivar Daniela grown in the greenhouse had a higher lycopene content than field grown fruit
[50]. Lycopene content also changes significantly during maturation and accumulates mainly
in the deep red stage [51].

Tomatoes grown organically contained substantial amounts of lycopene when ripened to firm
red or soft red stages. About half of the total lycopene found in soft red tomatoes was present
in pink tomatoes and 70 percent in light-red fruit. Fruit picked at unripe stages (breaker
through light red) gained as much or more lycopene as those picked at the firm or soft red
stages. Results indicate that fruit could be harvested well before full visible red color without
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Tomatoes grown by the conventional or organic agricultural practices did not show any
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between the organic and conventional tomatoes could be due to the control over the ripening,
transportation and storage conditions [54].

The results showed that the lycopene content in organic tomatoes was higher than in conven‐
tional tomatoes. The average content of this pigment in the organic fruit was 2.92 mg 100-1 g
f.w., while for conventional tomatoes it was 2.84 mg 100-1g f.w. (Fig. 1).

Different tomato cultivars produce different lycopene levels. ‘Elpida’ in organic production
contained more lycopene in fruit than the other two cultivars (3.75 mg 100-1g f.w.). Differences
in sunlight and temperature between the years might be a cause for the contradictory obser‐
vations.
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Figure 1. Lycopene content (mg 100g-1)            Figure. 2 : Carotenoids content (mg 100g-1) 
in organic and conventional tomato cultivars     in organic and conventional tomato cultivars  
 
Tomatoes from organic cultivation contained more carotenoids compared to conventional 
cultivation. The cultivar ‘Amati’ contained the lowest level of carotenoids in fruit in both 
cultivation systems. These differences were statistically significant (p=005). Organically 
grown ‘Robin’ produced the highest level of carotenoids in fruit (4.03 mg 100g-1) comparing 
to the other two cultivars (Fig. 2).  

Studies on carotene and lycopene contents in organic tomatoes, have reported different 
results including both higher levels [52] and lower levels [53] when compared with 
conventional methods. No consistent effect of the farming system on the content of bioactive 
antioxidant compounds [32; 19] was also reported.  

Figure 1. Lycopene content (mg 100g-1) in organic and conventional tomato cultivars

Tomatoes from organic cultivation contained more carotenoids compared to conventional
cultivation. The cultivar ‘Amati’ contained the lowest level of carotenoids in fruit in both
cultivation systems. These differences were statistically significant (p=005). Organically grown
‘Robin’ produced the highest level of carotenoids in fruit (4.03 mg 100g-1) comparing to the
other two cultivars (Fig. 2).

Studies on carotene and lycopene contents in organic tomatoes, have reported different results
including both higher levels [52] and lower levels [53] when compared with conventional
methods. No consistent effect of the farming system on the content of bioactive antioxidant
compounds [32; 19] was also reported.

Differences between organic and conventional tomatoes can be explained by the fertilizer used
in both cases. 'Organic farming doesn't use nitrogenous fertilizers; as a result, plants respond
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by activating their own defense mechanisms, increasing the levels of all antioxidants. The more
stress plants suffer, the more polyphenols they produce,' these authors point out [55]. Tomato
fruits from organic farming experienced stressing conditions that resulted in oxidative stress
and the accumulation of higher concentrations of soluble solids as sugars and other com‐
pounds contributing to fruit nutritional quality such as vitamin C and phenolic compounds [56].

Flavonoid content in tomatoes seems to be related to available N [34]. Plants with limited N
accumulate more flavonoids than those that are well-supplied. If differences in flavonoid
content reflect fundamental differences in the behavior of soil N between conventional and
organic systems, then the N available to tomatoes late in the season may have declined in
organic plots in recent years in response to the cumulative effects of a decrease in compost
application rates [57].

Interestingly, yellow flavonoids and anthocyanins did not follow the pattern of total phenolics
(Table 2). For instance, the concentration of yellow flavonoids was 70% higher in organic fruits
when compared to fruits from conventional growing system, but only at the harvesting stage,
which is consistent with similar observations previously [57]. The concentration in anthocya‐
nins was lower in the fruits from organic farming at all three stages of fruit development [56].
These discrepancies indicate that organic farming had the effect of modifying the levels of
transcripts or the activities of enzymes controlling intermediary steps of the biosynthetic
pathway of phenolic compounds. In spite of the changes in antioxidants, the total antioxidant
activity was not significantly different among the organic and conventional tomatoes (Table 2).5
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between the organic and conventional tomatoes could be due to the control over the ripening,
transportation and storage conditions [54].

The results showed that the lycopene content in organic tomatoes was higher than in conven‐
tional tomatoes. The average content of this pigment in the organic fruit was 2.92 mg 100-1 g
f.w., while for conventional tomatoes it was 2.84 mg 100-1g f.w. (Fig. 1).

Different tomato cultivars produce different lycopene levels. ‘Elpida’ in organic production
contained more lycopene in fruit than the other two cultivars (3.75 mg 100-1g f.w.). Differences
in sunlight and temperature between the years might be a cause for the contradictory obser‐
vations.
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Figure 1. Lycopene content (mg 100g-1) in organic and conventional tomato cultivars

Tomatoes from organic cultivation contained more carotenoids compared to conventional
cultivation. The cultivar ‘Amati’ contained the lowest level of carotenoids in fruit in both
cultivation systems. These differences were statistically significant (p=005). Organically grown
‘Robin’ produced the highest level of carotenoids in fruit (4.03 mg 100g-1) comparing to the
other two cultivars (Fig. 2).

Studies on carotene and lycopene contents in organic tomatoes, have reported different results
including both higher levels [52] and lower levels [53] when compared with conventional
methods. No consistent effect of the farming system on the content of bioactive antioxidant
compounds [32; 19] was also reported.

Differences between organic and conventional tomatoes can be explained by the fertilizer used
in both cases. 'Organic farming doesn't use nitrogenous fertilizers; as a result, plants respond
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by activating their own defense mechanisms, increasing the levels of all antioxidants. The more
stress plants suffer, the more polyphenols they produce,' these authors point out [55]. Tomato
fruits from organic farming experienced stressing conditions that resulted in oxidative stress
and the accumulation of higher concentrations of soluble solids as sugars and other com‐
pounds contributing to fruit nutritional quality such as vitamin C and phenolic compounds [56].

Flavonoid content in tomatoes seems to be related to available N [34]. Plants with limited N
accumulate more flavonoids than those that are well-supplied. If differences in flavonoid
content reflect fundamental differences in the behavior of soil N between conventional and
organic systems, then the N available to tomatoes late in the season may have declined in
organic plots in recent years in response to the cumulative effects of a decrease in compost
application rates [57].

Interestingly, yellow flavonoids and anthocyanins did not follow the pattern of total phenolics
(Table 2). For instance, the concentration of yellow flavonoids was 70% higher in organic fruits
when compared to fruits from conventional growing system, but only at the harvesting stage,
which is consistent with similar observations previously [57]. The concentration in anthocya‐
nins was lower in the fruits from organic farming at all three stages of fruit development [56].
These discrepancies indicate that organic farming had the effect of modifying the levels of
transcripts or the activities of enzymes controlling intermediary steps of the biosynthetic
pathway of phenolic compounds. In spite of the changes in antioxidants, the total antioxidant
activity was not significantly different among the organic and conventional tomatoes (Table 2).5
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6. Mineral content

Growing method and cultivar had significant influence on K, Ca, Na or Mg contents in tomato
fruits. Organic tomatoes achieved significantly greater concentrations of minerals [58]. The
main factor influencing tomato micronutrient content was cultivar [59]. We found significantly
greater concentrations of P, K, Ca and Mg in organic tomatoes, but in conventionally grown
tomato we found greater content of Zn, Fe and Cu [60]. Our results show that the potassium
content in organic tomatoes (153.05-164.31 mg 100g-1) is higher than in conventional tomatoes
(126.79-142.54 mg 100g-1). Organically grown Elpida produced the highest level of potassium
in fruit (164.31 mg100 g-1) comparing to the other two cultivars. Potassium concentrations were
similar to those (191.42–236.54 mg 100g-1) [29]. Our results show that the calcium content in
organic tomato (8.08-9.00 mg100g-1) is higher than in conventional tomatoes (7.84-8.58 mg
100g-1). Calcium concentrations (15.97– 23.13 mg 100g-1) were higher in the reported literature
[59] than those found in our studies. Significantly greater concentrations of Ca and Mg in
organic tomatoes also represented [58]. Magnesium concentrations in organic (17.36-22.22 mg
100g-1) and conventional tomato (18.75-19.16 mg 100g-1) were higher than those found (10.30–
11.88 mg 100g-1) [59], but similar to those found in a comparable study [29].

The ranges of measured iron concentration in this study were 0.51-0.64 mg 100g-1 in organic
and 0.69-0.72 mg 100g-1 in conventional tomato respectively. In another study, the iron
concentration was higher: 0.54-1.37 mg 100g-1 [59]. We observed no significant influence of

 

 

Stage of maturity Organic Conventional 

Total phenolics (mg GAE kg
-1

) 

Immature 308.563.04 Ab 249.165.65 Aa 

Mature 508.361.51 Aa 299.862.39 Ba 

Ripe 556.565.40 Aa 232.560.62 Ba 

Anthocyanins (mg kg
-1

) 

Immature 5.160.10 Ba 8.060.19 Aa 

Mature 2.560.05 Ba 9.060.16 Aa 

Ripe 3.660.09 Ba 9.960.11 Aa 

Yellow Flavonoids (mg kg
-1

) 

Immature 27.860.15 Bb 37.460.33 Aa 

Mature 26.160.33 Bb 33.360.43 Aab 

Ripe 43.760.49 Aa 25.760.33 Bb 

Total Vitamin C (mg kg
-1

) 

Immature 134.16 ±0.20 Ac 89.46±0.05 Bb 

Mature 220.56±0.12 Ab 175.36±0.20 Ba 

Ripe 264.76±0.40 Aa 170.96±0.16 Ba 

Antioxidant Activity (mMTrolox g
-1

 FW)  

Immature 98.726±38.65 Aa 98.186±30.42Aa 

Mature 143.546±44.52 Aa 161.236±6.15 Aa 

Ripe 128.346±22.89 Aa 136.286±57.54Aa 

 

(Oliveira et al., 2013)

Table 2. Quality parameters of tomatoes cultivated organically and conventionally
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growing method, which in the case of iron is in keeping with earlier findings [62]. On the
contrary, significantly greater concentrations of these minerals in organic tomatoes were found
in the report by Kelly & Bateman [58].

Copper concentration (0.11-0.13 mg 100g-1) in conventional tomatoes was higher than in
organic tomato (0.5-0.7 mg 100g-1). The ranges of measured copper concentrations (0.05-0.11
mg 100g-1) [59] were higher than those reported by [29; 61]. There were no significant differ‐
ences in zinc concentrations between organic (0.16-0-18 mg 100g-1) and conventional tomatoes
(0.18-0.19 mg100g-1). Zinc concentrations (0.14–0.33 mg 100 g-1) were higher [59] than those
reported by Hernández-Suárez et al. and Gundersen et al. [29; 61].

Moisture

%
TotalΝ P Κ Ca Mg B Mn Zn Fe Cu

(mg 100g-1 fresh weight)

Conventional production

Elpida 93.19 191.80 33.74 126.79 7.84 18.75 0.02 0.08 0.19 0.69 0.11

Robin 94.28 214.32 29.18 137.59 8.58 19.16 0.03 0.09 0.18 0.73 0.10

Amati 93.62 223.41 27.10 142.54 8.29 18.81 0.03 0.08 0.19 0.82 0.13

Organic production

Elpida 93.27 218.77 43.43 164.31 8.08 22.22 0.03 0.08 0.17 0.64 0.07

Robin 92.86 248.73 46.75 159.17 8.92 22.13 0.03 0.08 0.16 0.59 0.05

Amati 93.57 193.02 45.34 153.05 9.00 17.36 0.03 0.07 0.18 0.51 0.05

Table 3. Mineral contents of conventionally and organically grown tomatoes

We found the growing method to have no influence on zinc content, in agreement with
previous observations [62]. On the contrary, significantly greater concentrations of Zn in
organic tomatoes were found [58].There were insignificant differences of manganese content
between conventional (0.08-0.09 mg 100g-1) and organic tomato (0.07-0.08 mg 100g-1). Manga‐
nese concentrations (0.05–0.13 mg 100g-1) found by [59], were similar to those reported by [61]
and lower than those measured by [29] and were significantly influenced by both cultivar and
growing method. Mn levels seem unaffected by the growing method [62]. We found the
growing method to have no influence on zinc content (Table 3) like [62]. On the contrary,
significantly greater concentrations of Zn in conventional tomatoes were found [58]. On the
other hand, in the present study, one possible hypothesis that may explain the insignificant
differences in the majority of the minerals could be that the tomato plants of the two cultivation
methods managed to have similar soil conditions and irrigation. Previous studies support such
a claim. Significant differences in the concentration of Na, Ca, Mg and Zn in tomatoes grown
in two different production regions of the island of Tenerife (Spain) have been reported [29].
Some mineral contents in the tomato fruit must be influenced by the region of production,
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growing method, which in the case of iron is in keeping with earlier findings [62]. On the
contrary, significantly greater concentrations of these minerals in organic tomatoes were found
in the report by Kelly & Bateman [58].

Copper concentration (0.11-0.13 mg 100g-1) in conventional tomatoes was higher than in
organic tomato (0.5-0.7 mg 100g-1). The ranges of measured copper concentrations (0.05-0.11
mg 100g-1) [59] were higher than those reported by [29; 61]. There were no significant differ‐
ences in zinc concentrations between organic (0.16-0-18 mg 100g-1) and conventional tomatoes
(0.18-0.19 mg100g-1). Zinc concentrations (0.14–0.33 mg 100 g-1) were higher [59] than those
reported by Hernández-Suárez et al. and Gundersen et al. [29; 61].

Moisture

%
TotalΝ P Κ Ca Mg B Mn Zn Fe Cu

(mg 100g-1 fresh weight)

Conventional production

Elpida 93.19 191.80 33.74 126.79 7.84 18.75 0.02 0.08 0.19 0.69 0.11

Robin 94.28 214.32 29.18 137.59 8.58 19.16 0.03 0.09 0.18 0.73 0.10

Amati 93.62 223.41 27.10 142.54 8.29 18.81 0.03 0.08 0.19 0.82 0.13

Organic production

Elpida 93.27 218.77 43.43 164.31 8.08 22.22 0.03 0.08 0.17 0.64 0.07

Robin 92.86 248.73 46.75 159.17 8.92 22.13 0.03 0.08 0.16 0.59 0.05

Amati 93.57 193.02 45.34 153.05 9.00 17.36 0.03 0.07 0.18 0.51 0.05

Table 3. Mineral contents of conventionally and organically grown tomatoes

We found the growing method to have no influence on zinc content, in agreement with
previous observations [62]. On the contrary, significantly greater concentrations of Zn in
organic tomatoes were found [58].There were insignificant differences of manganese content
between conventional (0.08-0.09 mg 100g-1) and organic tomato (0.07-0.08 mg 100g-1). Manga‐
nese concentrations (0.05–0.13 mg 100g-1) found by [59], were similar to those reported by [61]
and lower than those measured by [29] and were significantly influenced by both cultivar and
growing method. Mn levels seem unaffected by the growing method [62]. We found the
growing method to have no influence on zinc content (Table 3) like [62]. On the contrary,
significantly greater concentrations of Zn in conventional tomatoes were found [58]. On the
other hand, in the present study, one possible hypothesis that may explain the insignificant
differences in the majority of the minerals could be that the tomato plants of the two cultivation
methods managed to have similar soil conditions and irrigation. Previous studies support such
a claim. Significant differences in the concentration of Na, Ca, Mg and Zn in tomatoes grown
in two different production regions of the island of Tenerife (Spain) have been reported [29].
Some mineral contents in the tomato fruit must be influenced by the region of production,
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which is mainly influenced by the mineral contents of the cropping soils and of the water for
irrigation [29].

7. Index of maturity and taste index

The organic acid in a tomato fruit consist of mainly citric and malic acid with a range of 0.3 to
0.6%. Conventional tomatoes contained more organic acids in comparison to those cultivated
by organic methods, in all periods of analysis, being approximately about 0.48% [21].
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We found the growing method to have no influence on zinc content, in agreement with 
previous observations [62]. On the contrary, significantly greater concentrations of Zn in 
organic tomatoes were found [58].There were insignificant differences of manganese 
content between conventional (0.08-0.09 mg 100g-1) and organic tomato (0.07-0.08 mg 
100g-1). Manganese concentrations (0.05–0.13 mg 100g-1) found by [59], were similar to 
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method [62]. We found the growing method to have no influence on zinc content (Table 4) 
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Previous studies support such a claim. Significant differences in the concentration of Na, Ca, 
Mg and Zn in tomatoes grown in two different production regions of the island of Tenerife 
(Spain) have been reported [29]. Some mineral contents in the tomato fruit must be 
influenced by the region of production, which is mainly influenced by the mineral contents of 
the cropping soils and of the water for irrigation [29].  
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Table 5.  Total acidity (TA) and total soluble solid (TSS) content of three tomato cultivars 

from organic and conventional production system 
 

                                       Organic production                                       Conventional production 
                                 TA (%)               TSS  (Brixo)                         TA (%)              TSS (Brixo)                        
Amati   0.41± 0.01c            4.83± 0.4b                        0.48± 0.02 a          4.95± 0.5a 
Robin   0.44± 0.01b     4.76± 0.5b                 0.47± 0.02a        4.85± 0.6a 
Elpida   0.47± 0.01a     5.08± 0.5a                 0.48± 0.01a           4.59± 0.5b 

 
At the same time, it should be noted that Elpida tomatoes were richer in organic acids in 
comparison to other examined cultivars, independently from the used cultivation system 
(Table 5). As with the sugars, the organic acids are crucial to the flavour of the fruits. The 
average contents Brix degree and acidity were 4.6 and 0.50 g 100-1 of citric acid, 
respectively [64].  

The concentration of sugars may vary from 1.66 to 3.99% and 3.05 to 4.65% of the fresh 
matter, as a function of the cultivar and cultivation conditions, respectively [63]. As with the 
sugars, the organic acids are crucial to the flavour of the fruits. The average contents Brix 
degree and acidity were 4.6 and 0.50 g 100g-1 of citric acid, respectively [29]. The taste 
index is calculated by applying the equation using the values of Brix degree and acidity [27]. 

The Elpida cultivar from organic production system had a mean value (1.1) of the taste index 
higher (P < 0.05) than those values determined for the organic Robin (0.98) and Amati (1.0) 
cultivars (Table 6). No significant differences were found between the cultivars in the mean 
taste index obtained for conventionally cultivated tomatoes. When using these data, the 

Table 4. Total acidity (TA) and total soluble solid (TSS) content of three tomato cultivars from organic and
conventional production system

At the same time, it should be noted that Elpida tomatoes were richer in organic acids in
comparison to other examined cultivars, independently from the used cultivation system
(Table 4). As with the sugars, the organic acids are crucial to the flavour of the fruits. The
average contents Brix degree and acidity were 4.6 and 0.50 g 100-1 of citric acid, respectively
[64].

The concentration of sugars may vary from 1.66 to 3.99% and 3.05 to 4.65% of the fresh matter,
as a function of the cultivar and cultivation conditions, respectively [63]. As with the sugars,
the organic acids are crucial to the flavour of the fruits. The average contents Brix degree and
acidity were 4.6 and 0.50 g 100g-1 of citric acid, respectively [29]. The taste index is calculated
by applying the equation using the values of Brix degree and acidity [27].

The Elpida cultivar from organic production system had a mean value (1.1) of the taste index
higher (P < 0.05) than those values determined for the organic Robin (0.98) and Amati (1.0)
cultivars (Table 5). No significant differences were found between the cultivars in the mean
taste index obtained for conventionally cultivated tomatoes. When using these data, the mean
values of the taste index in all the tomatoes belonging to all the cultivars considered were
higher than 0.85, which indicates that the tomato cultivars analyzed are tasty. If the value of
the taste index is lower than 0.7, the tomato is considered as having little taste [27].

Another parameter related with the taste index is the maturity index which is usually a better
predictor of an acid’s flavour impact than Brix degree or acidity alone. Acidity tends to decrease
with the maturity of the fruits while the sugar content increases. Significantly greater maturity
index in organic Amati fruit (11.7) and lower maturity index in conventional Elpida fruit (9.6)
were found [21]. The maturity index in this study (in all cultivars in both production systems)
were higher than those found by maturity index reported by [64] was 9.4 and therefore, it can
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be deduced that the maturity levels of the analyzed tomatoes were adequate for consumption.
This ratio can also be affected by climate, cultivar and horticultural practices [28]. The cultivar
is a more influential factor than cultivation methods in the differentiation of the tomato
samples according to the chemical characteristics. However, quality is more than this and can
be defined as the sum of all characteristics that make a consumer satisfied with the product
[65]. Apart from functional and nutritional characteristics, quality can include aspects of
production method, environment or ethics, as well as availability of and information about a
product [66]. For all nutrients examined, cultivar differences were greater than differences
because of cultivation method. This study confirms that the most important variable in the
micronutrient content of tomatoes is the cultivar; organically grown tomato is no more
nutritious than conventionally grown tomato when soil fertility is well managed [59]. Green‐
house tomato production offers advantages compared to production at the open field with
regard to quality assurance principally, because the plants are not exposed directly to the rapid
changes of climate conditions. An important role for this purpose is also the cultivar selection
by using tomato hybrid varieties with a high yield potential and a good fruit quality.

8. Sensory attributes

During tomato fruit ripening, a series of quantitative and qualitative changes take place,
changing tomato flavor and aroma volatile profiles [67; 68]. Regarding aroma, several de‐
scriptors are present in tomatoes and volatiles are part of the tomato aroma profile. 3-Meth‐
ylbutanol is an amino acid related compounds, which has a pungent/earthy aroma [69].
Hexanal is one of the major aldehydes in tomatoes and is considered important for fresh tomato
flavour.

Panelists could perceive a difference between conventional and organic tomatoes by smell or
taste with high reliability. Organic tomatoes were perceived by some of the panelist to be softer,
and were preferred because of their taste, flavor, texture and juiciness. Alternatively, conven‐
tional tomatoes were described as 'not as ripe', 'dry', and having 'less aroma' [19].

Very different patterns of correlation between nonvolatile and volatile components emerged
as perceived by panelists, depending on whether the nasal passage was blocked to evaluate
taste descriptors. A composite of all data collected over the three seasons revealed the ‘sweet’
note is positively correlated with soluble solids, total sugars, and sucrose equivalents with
partitioning (taste followed by aroma).

Amati F1 Robin F1 Elpida F1

Organic Conventional Organic Conventional Organic Conventional

Maturity Index 11.7a 10.3b 10.8b 10.3b 10.8b 9.6b

Taste index 1.00b 1.00b 0.98b 0.98b 1.10a 0.96b

Table 5. Index of maturity and taste index of tomato from organic and conventional production

Tomato Fruit Quality from Organic and Conventional Production
http://dx.doi.org/10.5772/58239

157



which is mainly influenced by the mineral contents of the cropping soils and of the water for
irrigation [29].

7. Index of maturity and taste index

The organic acid in a tomato fruit consist of mainly citric and malic acid with a range of 0.3 to
0.6%. Conventional tomatoes contained more organic acids in comparison to those cultivated
by organic methods, in all periods of analysis, being approximately about 0.48% [21].

8

We found the growing method to have no influence on zinc content, in agreement with 
previous observations [62]. On the contrary, significantly greater concentrations of Zn in 
organic tomatoes were found [58].There were insignificant differences of manganese 
content between conventional (0.08-0.09 mg 100g-1) and organic tomato (0.07-0.08 mg 
100g-1). Manganese concentrations (0.05–0.13 mg 100g-1) found by [59], were similar to 
those reported by [61] and lower than those measured by [29] and were significantly 
influenced by both cultivar and growing method. Mn levels seem unaffected by the growing 
method [62]. We found the growing method to have no influence on zinc content (Table 4) 
like [62]. On the contrary, significantly greater concentrations of Zn in conventional tomatoes 
were found [58]. On the other hand, in the present study, one possible hypothesis that may 
explain the insignificant differences in the majority of the minerals could be that the tomato 
plants of the two cultivation methods managed to have similar soil conditions and irrigation. 
Previous studies support such a claim. Significant differences in the concentration of Na, Ca, 
Mg and Zn in tomatoes grown in two different production regions of the island of Tenerife 
(Spain) have been reported [29]. Some mineral contents in the tomato fruit must be 
influenced by the region of production, which is mainly influenced by the mineral contents of 
the cropping soils and of the water for irrigation [29].  
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The organic acid in a tomato fruit consist of mainly citric and malic acid with a range of 0.3 to 
0.6%. Conventional tomatoes contained more organic acids in comparison to those 
cultivated by organic methods, in all periods of analysis, being approximately about 0.48% 
[21]. 

 
Table 5.  Total acidity (TA) and total soluble solid (TSS) content of three tomato cultivars 

from organic and conventional production system 
 

                                       Organic production                                       Conventional production 
                                 TA (%)               TSS  (Brixo)                         TA (%)              TSS (Brixo)                        
Amati   0.41± 0.01c            4.83± 0.4b                        0.48± 0.02 a          4.95± 0.5a 
Robin   0.44± 0.01b     4.76± 0.5b                 0.47± 0.02a        4.85± 0.6a 
Elpida   0.47± 0.01a     5.08± 0.5a                 0.48± 0.01a           4.59± 0.5b 

 
At the same time, it should be noted that Elpida tomatoes were richer in organic acids in 
comparison to other examined cultivars, independently from the used cultivation system 
(Table 5). As with the sugars, the organic acids are crucial to the flavour of the fruits. The 
average contents Brix degree and acidity were 4.6 and 0.50 g 100-1 of citric acid, 
respectively [64].  

The concentration of sugars may vary from 1.66 to 3.99% and 3.05 to 4.65% of the fresh 
matter, as a function of the cultivar and cultivation conditions, respectively [63]. As with the 
sugars, the organic acids are crucial to the flavour of the fruits. The average contents Brix 
degree and acidity were 4.6 and 0.50 g 100g-1 of citric acid, respectively [29]. The taste 
index is calculated by applying the equation using the values of Brix degree and acidity [27]. 

The Elpida cultivar from organic production system had a mean value (1.1) of the taste index 
higher (P < 0.05) than those values determined for the organic Robin (0.98) and Amati (1.0) 
cultivars (Table 6). No significant differences were found between the cultivars in the mean 
taste index obtained for conventionally cultivated tomatoes. When using these data, the 

Table 4. Total acidity (TA) and total soluble solid (TSS) content of three tomato cultivars from organic and
conventional production system

At the same time, it should be noted that Elpida tomatoes were richer in organic acids in
comparison to other examined cultivars, independently from the used cultivation system
(Table 4). As with the sugars, the organic acids are crucial to the flavour of the fruits. The
average contents Brix degree and acidity were 4.6 and 0.50 g 100-1 of citric acid, respectively
[64].

The concentration of sugars may vary from 1.66 to 3.99% and 3.05 to 4.65% of the fresh matter,
as a function of the cultivar and cultivation conditions, respectively [63]. As with the sugars,
the organic acids are crucial to the flavour of the fruits. The average contents Brix degree and
acidity were 4.6 and 0.50 g 100g-1 of citric acid, respectively [29]. The taste index is calculated
by applying the equation using the values of Brix degree and acidity [27].

The Elpida cultivar from organic production system had a mean value (1.1) of the taste index
higher (P < 0.05) than those values determined for the organic Robin (0.98) and Amati (1.0)
cultivars (Table 5). No significant differences were found between the cultivars in the mean
taste index obtained for conventionally cultivated tomatoes. When using these data, the mean
values of the taste index in all the tomatoes belonging to all the cultivars considered were
higher than 0.85, which indicates that the tomato cultivars analyzed are tasty. If the value of
the taste index is lower than 0.7, the tomato is considered as having little taste [27].

Another parameter related with the taste index is the maturity index which is usually a better
predictor of an acid’s flavour impact than Brix degree or acidity alone. Acidity tends to decrease
with the maturity of the fruits while the sugar content increases. Significantly greater maturity
index in organic Amati fruit (11.7) and lower maturity index in conventional Elpida fruit (9.6)
were found [21]. The maturity index in this study (in all cultivars in both production systems)
were higher than those found by maturity index reported by [64] was 9.4 and therefore, it can
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be deduced that the maturity levels of the analyzed tomatoes were adequate for consumption.
This ratio can also be affected by climate, cultivar and horticultural practices [28]. The cultivar
is a more influential factor than cultivation methods in the differentiation of the tomato
samples according to the chemical characteristics. However, quality is more than this and can
be defined as the sum of all characteristics that make a consumer satisfied with the product
[65]. Apart from functional and nutritional characteristics, quality can include aspects of
production method, environment or ethics, as well as availability of and information about a
product [66]. For all nutrients examined, cultivar differences were greater than differences
because of cultivation method. This study confirms that the most important variable in the
micronutrient content of tomatoes is the cultivar; organically grown tomato is no more
nutritious than conventionally grown tomato when soil fertility is well managed [59]. Green‐
house tomato production offers advantages compared to production at the open field with
regard to quality assurance principally, because the plants are not exposed directly to the rapid
changes of climate conditions. An important role for this purpose is also the cultivar selection
by using tomato hybrid varieties with a high yield potential and a good fruit quality.

8. Sensory attributes

During tomato fruit ripening, a series of quantitative and qualitative changes take place,
changing tomato flavor and aroma volatile profiles [67; 68]. Regarding aroma, several de‐
scriptors are present in tomatoes and volatiles are part of the tomato aroma profile. 3-Meth‐
ylbutanol is an amino acid related compounds, which has a pungent/earthy aroma [69].
Hexanal is one of the major aldehydes in tomatoes and is considered important for fresh tomato
flavour.

Panelists could perceive a difference between conventional and organic tomatoes by smell or
taste with high reliability. Organic tomatoes were perceived by some of the panelist to be softer,
and were preferred because of their taste, flavor, texture and juiciness. Alternatively, conven‐
tional tomatoes were described as 'not as ripe', 'dry', and having 'less aroma' [19].

Very different patterns of correlation between nonvolatile and volatile components emerged
as perceived by panelists, depending on whether the nasal passage was blocked to evaluate
taste descriptors. A composite of all data collected over the three seasons revealed the ‘sweet’
note is positively correlated with soluble solids, total sugars, and sucrose equivalents with
partitioning (taste followed by aroma).

Amati F1 Robin F1 Elpida F1

Organic Conventional Organic Conventional Organic Conventional

Maturity Index 11.7a 10.3b 10.8b 10.3b 10.8b 9.6b

Taste index 1.00b 1.00b 0.98b 0.98b 1.10a 0.96b

Table 5. Index of maturity and taste index of tomato from organic and conventional production
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In previous studies, strong positive correlation has been observed between trained panel
response of ‘sweetness’ and reducing sugar and total soluble solids content [70]. Both 'tomato-
like’ and ‘fruity’ were positively correlated to acidity and negatively correlated to soluble solids
in aroma plus taste trials, but not in the taste followed by aroma trials. A possible explanation
in the lack of correlations with many of these descriptors is that there was little difference
between these treatments in the lines selected. It is clear that evaluating for taste plus aroma
was more sensitive than evaluating for aroma plus taste. It would however be impulsive to
conclude that either production system is superior to the other with respect to healthy or
nutritional composition [71].

The fruit quality, in terms of taste and nutritional value, did not differ significantly between
tomatoes grown in organic or conventional systems. It can take a number of years for soil
nutrients to reach optimal levels using organic fertilisers and nutrient availability in the organic
systems had probably not been fully established in the three years of the experiments.

However, the type of tomato was more important in determining fruit quality than the type
of cropping system: the older variety produced tomatoes with the highest quality index
compared with the modern cultivars, implying there is a trade-off between tomato quality and
yield [72]. If the aim of organic systems is to produce fruit of superior quality, it is suggested
that old cultivars could be used to develop new tomato cultivars adapted for organic cultiva‐
tion rather than for conventional systems.

9. Heavy metals

Some heavy metals at low doses are essential micronutrients for plants, but in higher doses
they may cause metabolic disorders and growth inhibition for most of the plants species [73].
Among the contaminants found in vegetables, heavy metals may reach different levels
depending on their content in the soil and the type of fertilization used [73]. For this reason
the type of farming techniques can affect the heavy metal content of tomatoes. Both organic
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Very different patterns of correlation between nonvolatile and volatile components emerged 
as perceived by panelists, depending on whether the nasal passage was blocked to 
evaluate taste descriptors. A composite of all data collected over the three seasons revealed 
the ‘sweet’ note is positively correlated with soluble solids, total sugars, and sucrose 
equivalents with partitioning (taste followed by aroma).  

In previous studies, strong positive correlation has been observed between trained panel 
response of ‘sweetness’ and reducing sugar and total soluble solids content [70]. Both 
'tomato-like’ and ‘fruity’ were positively correlated to acidity and negatively correlated to 
soluble solids in aroma plus taste trials, but not in the taste followed by aroma trials. A 
possible explanation in the lack of correlations with many of these descriptors is that there 
was little difference between these treatments in the lines selected. It is clear that evaluating 
for taste plus aroma was more sensitive than evaluating for aroma plus taste. It would 
however be impulsive to conclude that either production system is superior to the other with 
respect to healthy or nutritional composition [71]. 

The fruit quality, in terms of taste and nutritional value, did not differ significantly between 
tomatoes grown in organic or conventional systems. It can take a number of years for soil 
nutrients to reach optimal levels using organic fertilisers and nutrient availability in the 
organic systems had probably not been fully established in the three years of the 
experiments. 

However, the type of tomato was more important in determining fruit quality than the type of 
cropping system: the older variety produced tomatoes with the highest quality index 
compared with the modern cultivars, implying there is a trade-off between tomato quality and 
yield [72]. If the aim of organic systems is to produce fruit of superior quality, it is suggested 
that old cultivars could be used to develop new tomato cultivars adapted for organic 
cultivation rather than for conventional systems. 
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(e.g., farmyard manure) and inorganic amendments (e.g., lime, zeolites, and iron oxides) were
found to decrease the metal accumulation [74].

The tomato as a fruit vegetable is not characterized by high accumulation of heavy metals.
Producers of organic vegetables, do not use mineral fertilizers and practically never use
fertilizers produced by industrial waste, which are the most polluted. As a result, one might
expect that organic vegetables contain lower amounts of toxic heavy metals. The effect of
manure on heavy metal availability is due to the introduction of organic matter to the soil,
which may retain Cd in the soil and prevent it from both leaching and from crop uptake [75].

The lead content of tomato fruit, in general, is very low and ranges depending on the hybrid
and the methods of production from 0.07 to 0.19 mg 100g-1 [19]. No statistical difference in the
lead content between organic (0.11 mg 100g-1) and conventional (0.10 mg 100g-1) production
of the hybrid Elpida was seen. In the other two hybrids, the lead content was lower in organic
production. ’Robin’ in organic production achieved lower lead content (0.08 mg kg-1) in
comparison with conventional methods (0.10 mg 100g-1). The lead content in ’Amati’ is twice
lower in organic (0.07 mg kg-1) than in conventional production (0.14 mg 100g-1).

The zinc content in tomato fruits in our studies was just below 20 mg 100g-1. The lower zinc
content of the hybrids in organic farming compared to conventional production was not
statistically significant. Differences in the content of zinc exist between the individual hybrids.
Thus, the lowest zinc content (0.16 mg kg-1) was obtained in ’Robin’ in organic production.

Pb Zn Cu Ni Cd Co Cr

Organic production

Elpida 0.11 0.17 0.07 0.01 0.0027 0.0070 0.01

Robin 0.08 0.16 0.05 0.01 0.0027 0.0070 0.01

Amati 0.07 0.18 0.05 0.01 0.0027 0.0070 0.01

Conventional production

Elpida 0.14 0.19 0.11 0.02 0.0027 0.0070 0.01

Robin 0.11 0.18 0.10 0.02 0.0027 0.0070 0.01

Amati 0.11 0.19 0.13 0.02 0.0027 0.0070 0.02

Table 6. Heavy metals contents (mg 100g-1 f.w.) of conventional and organical tomato

Copper content in organic fruit production is lower, ranging from 0.5 mg 100g-1 hybrids Robin
and Amati to 0.7 mg 100g-1 hybrids Elpida. The copper content in conventional tomato
production is twice as high in the hybrids Robin (0.10 mg 100g-1) and Amati (0.13 mg 100g-1)
in relation to organic production. The copper content in the hybrid Elpida is 0.11 mg 100g-1

(Table 6). In contrast, significantly greater concentrations of Cd (33 μg kg-1) and Pb (37.8 μg
kg-1) were found in organic tomatoes, but at the same time a lower Cu content (0.46 mg kg-1)
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In previous studies, strong positive correlation has been observed between trained panel
response of ‘sweetness’ and reducing sugar and total soluble solids content [70]. Both 'tomato-
like’ and ‘fruity’ were positively correlated to acidity and negatively correlated to soluble solids
in aroma plus taste trials, but not in the taste followed by aroma trials. A possible explanation
in the lack of correlations with many of these descriptors is that there was little difference
between these treatments in the lines selected. It is clear that evaluating for taste plus aroma
was more sensitive than evaluating for aroma plus taste. It would however be impulsive to
conclude that either production system is superior to the other with respect to healthy or
nutritional composition [71].

The fruit quality, in terms of taste and nutritional value, did not differ significantly between
tomatoes grown in organic or conventional systems. It can take a number of years for soil
nutrients to reach optimal levels using organic fertilisers and nutrient availability in the organic
systems had probably not been fully established in the three years of the experiments.

However, the type of tomato was more important in determining fruit quality than the type
of cropping system: the older variety produced tomatoes with the highest quality index
compared with the modern cultivars, implying there is a trade-off between tomato quality and
yield [72]. If the aim of organic systems is to produce fruit of superior quality, it is suggested
that old cultivars could be used to develop new tomato cultivars adapted for organic cultiva‐
tion rather than for conventional systems.

9. Heavy metals

Some heavy metals at low doses are essential micronutrients for plants, but in higher doses
they may cause metabolic disorders and growth inhibition for most of the plants species [73].
Among the contaminants found in vegetables, heavy metals may reach different levels
depending on their content in the soil and the type of fertilization used [73]. For this reason
the type of farming techniques can affect the heavy metal content of tomatoes. Both organic
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softer, and were preferred because of their taste, flavor, texture and juiciness. Alternatively, 
conventional tomatoes were described as 'not as ripe', 'dry' , and having 'less aroma' [19]. 
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Very different patterns of correlation between nonvolatile and volatile components emerged 
as perceived by panelists, depending on whether the nasal passage was blocked to 
evaluate taste descriptors. A composite of all data collected over the three seasons revealed 
the ‘sweet’ note is positively correlated with soluble solids, total sugars, and sucrose 
equivalents with partitioning (taste followed by aroma).  

In previous studies, strong positive correlation has been observed between trained panel 
response of ‘sweetness’ and reducing sugar and total soluble solids content [70]. Both 
'tomato-like’ and ‘fruity’ were positively correlated to acidity and negatively correlated to 
soluble solids in aroma plus taste trials, but not in the taste followed by aroma trials. A 
possible explanation in the lack of correlations with many of these descriptors is that there 
was little difference between these treatments in the lines selected. It is clear that evaluating 
for taste plus aroma was more sensitive than evaluating for aroma plus taste. It would 
however be impulsive to conclude that either production system is superior to the other with 
respect to healthy or nutritional composition [71]. 

The fruit quality, in terms of taste and nutritional value, did not differ significantly between 
tomatoes grown in organic or conventional systems. It can take a number of years for soil 
nutrients to reach optimal levels using organic fertilisers and nutrient availability in the 
organic systems had probably not been fully established in the three years of the 
experiments. 

However, the type of tomato was more important in determining fruit quality than the type of 
cropping system: the older variety produced tomatoes with the highest quality index 
compared with the modern cultivars, implying there is a trade-off between tomato quality and 
yield [72]. If the aim of organic systems is to produce fruit of superior quality, it is suggested 
that old cultivars could be used to develop new tomato cultivars adapted for organic 
cultivation rather than for conventional systems. 
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(e.g., farmyard manure) and inorganic amendments (e.g., lime, zeolites, and iron oxides) were
found to decrease the metal accumulation [74].

The tomato as a fruit vegetable is not characterized by high accumulation of heavy metals.
Producers of organic vegetables, do not use mineral fertilizers and practically never use
fertilizers produced by industrial waste, which are the most polluted. As a result, one might
expect that organic vegetables contain lower amounts of toxic heavy metals. The effect of
manure on heavy metal availability is due to the introduction of organic matter to the soil,
which may retain Cd in the soil and prevent it from both leaching and from crop uptake [75].

The lead content of tomato fruit, in general, is very low and ranges depending on the hybrid
and the methods of production from 0.07 to 0.19 mg 100g-1 [19]. No statistical difference in the
lead content between organic (0.11 mg 100g-1) and conventional (0.10 mg 100g-1) production
of the hybrid Elpida was seen. In the other two hybrids, the lead content was lower in organic
production. ’Robin’ in organic production achieved lower lead content (0.08 mg kg-1) in
comparison with conventional methods (0.10 mg 100g-1). The lead content in ’Amati’ is twice
lower in organic (0.07 mg kg-1) than in conventional production (0.14 mg 100g-1).

The zinc content in tomato fruits in our studies was just below 20 mg 100g-1. The lower zinc
content of the hybrids in organic farming compared to conventional production was not
statistically significant. Differences in the content of zinc exist between the individual hybrids.
Thus, the lowest zinc content (0.16 mg kg-1) was obtained in ’Robin’ in organic production.

Pb Zn Cu Ni Cd Co Cr

Organic production

Elpida 0.11 0.17 0.07 0.01 0.0027 0.0070 0.01

Robin 0.08 0.16 0.05 0.01 0.0027 0.0070 0.01

Amati 0.07 0.18 0.05 0.01 0.0027 0.0070 0.01

Conventional production

Elpida 0.14 0.19 0.11 0.02 0.0027 0.0070 0.01

Robin 0.11 0.18 0.10 0.02 0.0027 0.0070 0.01

Amati 0.11 0.19 0.13 0.02 0.0027 0.0070 0.02

Table 6. Heavy metals contents (mg 100g-1 f.w.) of conventional and organical tomato

Copper content in organic fruit production is lower, ranging from 0.5 mg 100g-1 hybrids Robin
and Amati to 0.7 mg 100g-1 hybrids Elpida. The copper content in conventional tomato
production is twice as high in the hybrids Robin (0.10 mg 100g-1) and Amati (0.13 mg 100g-1)
in relation to organic production. The copper content in the hybrid Elpida is 0.11 mg 100g-1

(Table 6). In contrast, significantly greater concentrations of Cd (33 μg kg-1) and Pb (37.8 μg
kg-1) were found in organic tomatoes, but at the same time a lower Cu content (0.46 mg kg-1)
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was observed [53]. Systematic fertilization with pig and poultry manure can lead to the
accumulation of heavy metals, especially copper.

We found the growing method to have no influence on cadmium (0.0027 mg 100g-1) and cobalt
(0.007 mg 100g-1) levels in all cultivars. In the present study, the detected levels of contaminants
were found to be markedly lower than the maximum limits allowed by Law: 100 μg kg-1 for
Pb and 50 μg kg-1 for Cd (EU Regulation 1881/2006).

The concentrations of heavy metals in tomato fruit decreased in the order of
Zn>Pb>Cu>Cr>Ni>Co>Cd.

10. Nitrate content

Nitrate content of vegetables depends on a number of external and internal factors [76; 77].
From external factors should be mentioned; supply of substrate with nitrate, light, time of day,
temperature, season, supply with water, relative humidity, carbon dioxide concentration in
the air, supply with biogenic elements, the influence of the accompanying cations, heavy
metals, herbicides, chemical properties of the soil, location, time of sowing, time and method
of harvest, storage conditions, etc. [78; 79]. Among the internal factors, the most important are
the genetic specificity in the accumulation of nitrate (differences between species and differ‐
ences within genotypes), the distribution of nitrate in certain parts of the plant and the age of
the plants..

Nitrate content of various parts of a plant differs [76]. Vegetables that are consumed with their
roots, stems and leaves have a high nitrate accumulation (up to 2000 mg kg-1), whereas those
with only fruits and melons as consumable parts have a low nitrate accumulation [80]. The
tomato belongs to the vegetable plants which accumulate less nitrates than other vegetables
(100 to 150 mg kg-1). The effect of climate on nitrate accumulation has been studied [81], and
it was found that nitrate content was lower in years that had a high rainfall. In warm and wet
years, increased accumulation of nitrate is possible, regardless of whether the nitrogen
originates from organic or mineral sources [82]. A comparable study performed in Austria on
17 vegetables found lower nitrate contents (–40% to –86%) in organic vegetables, with spinach
being an exception [84]. In Germany, a comparison on carrots showed 61% less nitrates in
organic ones [85]. In contrast, two other studies performed on tomato in Israel [83] and carrot
in Norway did not show noticeable differences [86].

Nitrogen-rich organic fertilizers can also generate lower nitrate contents, but when minerali‐
zation conditions are very favorable they can also lead to high nitrate accumulations [87]. The
use of organic fertilization with slowly or moderately available nitrogen (especially composts)
is key to explaining the generally observed lower nitrate accumulation in organic vegetables
[88].

Differences in nitrate content between cultivars in organic production are present. The lowest
nitrate concentration was observed in ’Elpida’ (20 mg kg-1) and it was statistically significantly
(p<0.05) lower than the nitrate content in the ’Robin’ and ’Amati’ cultivars. The differences in
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nitrate content between ’Robin’ (27 mg kg-1) and ’Amati’ (29 mg kg-1) in organic production
were not statistically significant (Fig.3).
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Figure 3. Nitrate content (mg kg-1) in tomato fruit from organic and conventional production

The nitrate content in this study is presented as the average of all cultivars, and it was found
to be lower in organic production (29%-41%) compared to conventional production.

In conventional tomato production the nitrate content was lowest in ’Elpida’ (34 mg kg-1). The
nitrate concentration was significantly (p<0.05) lower than in the other two cultivars. The
difference in the nitrate content between the ’Robin’ (45 mg kg-1) and ’Amati’ (41 mg kg-1)
cultivars was not statistically significant.

Rational application of organic manure instead of inorganic nutrients, use of physiologically
active substances, proper spray of nitrification inhibitors and molybdenum fertilizers, and
growing plants under controlled environmental conditions may all be factors that materially
reduce nitrate accumulation in tomatoes.

Selection among the available genotypes/cultivars and breeding of new cultivars that do not
accumulate nitrate even under heavy fertilization may also limit human consumption of nitrate
through vegetables [89].

11. Conclusion

For all nutrients examined, cultivar differences were greater than differences due to cultivation
method. The identification of cultivars with high nutritive value, represent a useful approach
to select tomato cultivars with better health-promoting properties.

In general, the significant differences between tomatoes grown in organic or conventional
production systems are:

1. organic tomatoes contain more carotenoids

2. organic tomatoes contain more minerals (P, K, Mg, Ca)
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was observed [53]. Systematic fertilization with pig and poultry manure can lead to the
accumulation of heavy metals, especially copper.

We found the growing method to have no influence on cadmium (0.0027 mg 100g-1) and cobalt
(0.007 mg 100g-1) levels in all cultivars. In the present study, the detected levels of contaminants
were found to be markedly lower than the maximum limits allowed by Law: 100 μg kg-1 for
Pb and 50 μg kg-1 for Cd (EU Regulation 1881/2006).

The concentrations of heavy metals in tomato fruit decreased in the order of
Zn>Pb>Cu>Cr>Ni>Co>Cd.

10. Nitrate content

Nitrate content of vegetables depends on a number of external and internal factors [76; 77].
From external factors should be mentioned; supply of substrate with nitrate, light, time of day,
temperature, season, supply with water, relative humidity, carbon dioxide concentration in
the air, supply with biogenic elements, the influence of the accompanying cations, heavy
metals, herbicides, chemical properties of the soil, location, time of sowing, time and method
of harvest, storage conditions, etc. [78; 79]. Among the internal factors, the most important are
the genetic specificity in the accumulation of nitrate (differences between species and differ‐
ences within genotypes), the distribution of nitrate in certain parts of the plant and the age of
the plants..

Nitrate content of various parts of a plant differs [76]. Vegetables that are consumed with their
roots, stems and leaves have a high nitrate accumulation (up to 2000 mg kg-1), whereas those
with only fruits and melons as consumable parts have a low nitrate accumulation [80]. The
tomato belongs to the vegetable plants which accumulate less nitrates than other vegetables
(100 to 150 mg kg-1). The effect of climate on nitrate accumulation has been studied [81], and
it was found that nitrate content was lower in years that had a high rainfall. In warm and wet
years, increased accumulation of nitrate is possible, regardless of whether the nitrogen
originates from organic or mineral sources [82]. A comparable study performed in Austria on
17 vegetables found lower nitrate contents (–40% to –86%) in organic vegetables, with spinach
being an exception [84]. In Germany, a comparison on carrots showed 61% less nitrates in
organic ones [85]. In contrast, two other studies performed on tomato in Israel [83] and carrot
in Norway did not show noticeable differences [86].

Nitrogen-rich organic fertilizers can also generate lower nitrate contents, but when minerali‐
zation conditions are very favorable they can also lead to high nitrate accumulations [87]. The
use of organic fertilization with slowly or moderately available nitrogen (especially composts)
is key to explaining the generally observed lower nitrate accumulation in organic vegetables
[88].

Differences in nitrate content between cultivars in organic production are present. The lowest
nitrate concentration was observed in ’Elpida’ (20 mg kg-1) and it was statistically significantly
(p<0.05) lower than the nitrate content in the ’Robin’ and ’Amati’ cultivars. The differences in
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nitrate content between ’Robin’ (27 mg kg-1) and ’Amati’ (29 mg kg-1) in organic production
were not statistically significant (Fig.3).
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Figure 3. Nitrate content (mg kg-1) in tomato fruit from organic and conventional production

The nitrate content in this study is presented as the average of all cultivars, and it was found
to be lower in organic production (29%-41%) compared to conventional production.

In conventional tomato production the nitrate content was lowest in ’Elpida’ (34 mg kg-1). The
nitrate concentration was significantly (p<0.05) lower than in the other two cultivars. The
difference in the nitrate content between the ’Robin’ (45 mg kg-1) and ’Amati’ (41 mg kg-1)
cultivars was not statistically significant.

Rational application of organic manure instead of inorganic nutrients, use of physiologically
active substances, proper spray of nitrification inhibitors and molybdenum fertilizers, and
growing plants under controlled environmental conditions may all be factors that materially
reduce nitrate accumulation in tomatoes.

Selection among the available genotypes/cultivars and breeding of new cultivars that do not
accumulate nitrate even under heavy fertilization may also limit human consumption of nitrate
through vegetables [89].

11. Conclusion

For all nutrients examined, cultivar differences were greater than differences due to cultivation
method. The identification of cultivars with high nutritive value, represent a useful approach
to select tomato cultivars with better health-promoting properties.

In general, the significant differences between tomatoes grown in organic or conventional
production systems are:

1. organic tomatoes contain more carotenoids

2. organic tomatoes contain more minerals (P, K, Mg, Ca)
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3. organic tomatoes contain far less heavy metals (Pb, Zn, Cu, Ni)

4. organic tomatoes contain less nitrates, about 30-40% less

5. organic tomatoes do not contain any pesticide residues
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3. organic tomatoes contain far less heavy metals (Pb, Zn, Cu, Ni)

4. organic tomatoes contain less nitrates, about 30-40% less

5. organic tomatoes do not contain any pesticide residues
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1. Introduction

EM (Effective  Microorganisms)  technology has  long been widely applied to  agricultural
production  in  China.  EM  contains  more  than  80  kinds  of  beneficial  microorganisms,
including yeast, lactic acid bacteria, actinomycetes and photosynthetic bacteria (Shao et al.,
2013; Zhou et al., 2008). They can quickly decompose organic matter, metabolize antioxi‐
dant substances and inhibit the proliferation of harmful microorganisms (Higa, 1997). EM
was supposed to have positive effects  on reforming soil  nematode community structure
(Hu and Qi, 2013a), increasing crop yield and improving soil properties (Daly and Stewart,
1999; Khaliq et al., 2006).

High calcium content in plants has been associated with increased resistance to diseases (Berry
et al., 1988), not merely the well-known tomato blossom-end rot (BER) (Sonneveld and Voogt,
2009), calcium nutrition significantly affects the resistance of tomato seedlings to the bacterial
wilt caused by Ralstonia solanacearum (Yamazaki, 1995), other diseases were also reported to
be suppressed by high calcium concentration in host plants (Almeida et al., 2009; Berry et al.,
1988; Chiasson et al., 2005). BER is a major physiological disorder in tomato that creates up to
50% losses (Taylor, 2004), besides the inducing factors of high temperature, high salinity
(Adams, 1993), BER has long been considered to be a Ca-deficiency disorder, and its incidence
increases in cultivation at low Ca concentrations (Raleigh, 1944), however, most tomatoes
contain little calcium (Ca2+), uptake and translocation of cationic nutrients including Ca2+in
plants plays an essential role in the physiological processes (Chung et al., 2010). According to

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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early studies, the exogenous calcium supplied through tomato roots (Hall, 1977; Sachan and
Sharma, 1981) or through leaves (Eraslan et al., 2007; Freitas et al., 2012) by the spraying
methods can both increase the Ca uptake of tomato plants and enhance the immunity to
diseases.

Flue-cured tobaccos are important industrial crop significant to the national economy for
China. In southwest China, most of the rain falls during the early and middle growth stages
of flue-cured tobacco, and periodic drought often happens at the later growth period of
flue-cured tobacco, this will not enable the upper leaves maturing normally, resulting in a
poor availability of upper leaves, so it is important to discover technologies for the drought
resisting and the tobacco quality and yield improvement (Hou et al., 2012; Hou et al, 2013).
Water-retaining agent has been applied in many areas (Kumar and Dey, 2011; Truax and
Gagnon,  1993).  However,  in  studies  of  flue-cured tobacco cultivation,  application of  the
water-retaining agent is still in a research vacant. At present, many studies have reported
the application of EM in agricultural production (Hu and Qi, 2013a, b; Javaid, 2010; Khaliq
et al.,  2006).  EM can quickly decompose organic matter,  metabolize antioxidant substan‐
ces  and  inhibit  the  proliferation  of  harmful  microorganisms  (Daly  and  Stewart,  1999;
Daming, 1999; Heo et al., 2008).

In conclusion, many studies (Heo et al., 2008; Hu and Qi, 2013b; Khaliq et al., 2006) have been
undertaken on the application of EM as base fertilizer or as a component of base fertilizer,
however, there has been little published concerning using EM as foliage fertilizer, especially
making EM into calcium nutrient solution. In recent years, our team invents a new product
based on EM technology and names it as Active EM-Calcium. Active EM-Calcium is prepared
by special fermentation process with lime and EM, which contains chelating calcium (Ca) and
microorganisms in the solution. In order to verify the effect of Active EM-Calcium on tomato
and flue-cured tobacco production, two researches were carried out from 2012 to 2013.

2. Effects of EM-Calcium on production of greenhouse tomato

2.1. Materials and methods

2.1.1. Test site

The greenhouse  experiments  were  carried  out  in  plastic  greenhouse  during  2012  at  the
Vegetables and Flowers Institute of Nanjing (SW of China, lat. 31°43′ N, long. 118°46' E)
in a well stirred heavy lay loam. The local climate is subtropical monsoon, with average
annual rainfall of 1106.5mm, temperature of 15.7℃ and humidity of 81%. Affected by the
No.  1211  (international  numbering)  severe  tropical  storm  “HAIKUI”,  temperature  of
experimental field in early August saw a drop of 10℃-14℃, mixed with heavy winds and
rains,  but  due  to  the  short  continuance,  greenhouse  crops  were  little  influenced by  the
storm. Average temperature during the experiment period was 21.9℃ (May), 25.7℃ (June),
29.8℃ (July), 27.9℃ (August), 22.3℃ (September) respectively, which was 1.0℃, 0.9℃, 1.5℃,
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0.6℃,-1.0℃  higher  than  the  same  period  in  recent  years.  Peak  temperature  was  37.9℃
recording on July 29th.  The experimental  soil  properties  were as  follows:  organic  matter
14.34  g  kg-1,  available  nitrogen  104.17  ppm,  available  phosphorus  26.48  ppm,  available
potassium 184.70 ppm.

2.1.2. Experimental design

Lab experiment: 28 g lime was accurately weighed in a 100 ml volumetric flask, then added
DI water to dissolve and kept constant volume to 1000 ml, and the 2% Ca2+suspension was
available by shaking the mixture well. Then the prepared calcium suspension was mixed with
different volume EM, molasses (EM and the molasses were supported by EMRO Limited
Company, Nanjing Branch) and DI water to make up 5 treatments with three replications. The
ingredients of treatment T1-T5 were displayed as Table 1. These sealed EM-Calcium mixtures
would be fermented for 3-6 days in a orbital shaker with constant temperature, they were taken
out and setted aside when the precipitates were basically dissolved. The fermented treatment
with highest calcium solubility was diluted to keep the active EM-calcium solution with 2.0‰
Ca2+concentration.

Treatment
2% Ca2+

suspension (ml)
EM (ml) Molasses (ml) DI water (ml)

Theoretical Ca2+

concentration

T1 45 25 25 205 3.0‰

T2 60 30 30 180 4.0‰

T3 75 40 40 145 5.0‰

T4 90 45 45 120 6.0‰

T5 105 50 50 95 7.0‰

Table 1. The components of EM-calcium solution with different contents.

Field experiment: the six week old tomato seedlings (“21st Century Crown”) were transplanted
to the experiment fields on June 7th, conventional field management were carried out fairly
among the treatments, no additional light, heat, or CO2 were provided. The experimental field
was ploughed several times and fertilized with 700kg hm-2 compound fertilizer (N: P2O5:
K2O=1:2:2) in May. Irrigation systems for tomato were accorded with the local farming
practices. At 8:30 every morning, micro sprayers were adopted to spray the active EM-calcium
solutions 2 ml once in four days on different tomato organs. The treatments were set based on
the sprayed organs, including spraying root, spraying flower, spraying leaves near the
newborn fruits, spraying one week old fruit, spraying three week old fruit, and a control,
hereafter referred as SR, SF, SL, SO, ST and CK respectively. A plastic film was used to keep
apart the other parts when spraying one tomato organ.
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by special fermentation process with lime and EM, which contains chelating calcium (Ca) and
microorganisms in the solution. In order to verify the effect of Active EM-Calcium on tomato
and flue-cured tobacco production, two researches were carried out from 2012 to 2013.

2. Effects of EM-Calcium on production of greenhouse tomato

2.1. Materials and methods

2.1.1. Test site

The greenhouse  experiments  were  carried  out  in  plastic  greenhouse  during  2012  at  the
Vegetables and Flowers Institute of Nanjing (SW of China, lat. 31°43′ N, long. 118°46' E)
in a well stirred heavy lay loam. The local climate is subtropical monsoon, with average
annual rainfall of 1106.5mm, temperature of 15.7℃ and humidity of 81%. Affected by the
No.  1211  (international  numbering)  severe  tropical  storm  “HAIKUI”,  temperature  of
experimental field in early August saw a drop of 10℃-14℃, mixed with heavy winds and
rains,  but  due  to  the  short  continuance,  greenhouse  crops  were  little  influenced by  the
storm. Average temperature during the experiment period was 21.9℃ (May), 25.7℃ (June),
29.8℃ (July), 27.9℃ (August), 22.3℃ (September) respectively, which was 1.0℃, 0.9℃, 1.5℃,
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recording on July 29th.  The experimental  soil  properties  were as  follows:  organic  matter
14.34  g  kg-1,  available  nitrogen  104.17  ppm,  available  phosphorus  26.48  ppm,  available
potassium 184.70 ppm.

2.1.2. Experimental design

Lab experiment: 28 g lime was accurately weighed in a 100 ml volumetric flask, then added
DI water to dissolve and kept constant volume to 1000 ml, and the 2% Ca2+suspension was
available by shaking the mixture well. Then the prepared calcium suspension was mixed with
different volume EM, molasses (EM and the molasses were supported by EMRO Limited
Company, Nanjing Branch) and DI water to make up 5 treatments with three replications. The
ingredients of treatment T1-T5 were displayed as Table 1. These sealed EM-Calcium mixtures
would be fermented for 3-6 days in a orbital shaker with constant temperature, they were taken
out and setted aside when the precipitates were basically dissolved. The fermented treatment
with highest calcium solubility was diluted to keep the active EM-calcium solution with 2.0‰
Ca2+concentration.
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suspension (ml)
EM (ml) Molasses (ml) DI water (ml)
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T2 60 30 30 180 4.0‰

T3 75 40 40 145 5.0‰

T4 90 45 45 120 6.0‰

T5 105 50 50 95 7.0‰

Table 1. The components of EM-calcium solution with different contents.

Field experiment: the six week old tomato seedlings (“21st Century Crown”) were transplanted
to the experiment fields on June 7th, conventional field management were carried out fairly
among the treatments, no additional light, heat, or CO2 were provided. The experimental field
was ploughed several times and fertilized with 700kg hm-2 compound fertilizer (N: P2O5:
K2O=1:2:2) in May. Irrigation systems for tomato were accorded with the local farming
practices. At 8:30 every morning, micro sprayers were adopted to spray the active EM-calcium
solutions 2 ml once in four days on different tomato organs. The treatments were set based on
the sprayed organs, including spraying root, spraying flower, spraying leaves near the
newborn fruits, spraying one week old fruit, spraying three week old fruit, and a control,
hereafter referred as SR, SF, SL, SO, ST and CK respectively. A plastic film was used to keep
apart the other parts when spraying one tomato organ.
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2.1.3. Measurements

When tomato was ripened, two fruits were harvested from one plant, and about 10 g tomato
flesh per fruit was taken along the longitudinal axis (24 fruits per treatment in total) then
homogenized for the following measurements. Different forms of Ca in the tomato fruits were
extracted and determined by adopting Ohat Y’s method (Ohat Y, 1970), including Ca nitrate
and Ca chloride, water soluble organic Ca, Ca pectate, Ca phosphate and Ca carbonate, Ca
oxalate, Ca silicate, hereafter the above Ca forms were recording successively as Alc-Ca, H2O-
Ca, NaCl-Ca, HAC-Ca, HCl-Ca, Res-Ca based on the extraction solvent type. Other quality
indexes were evaluated by common testing methods (AOAC, 1990; Wang et al., 2011; Yang et
al., 2012): Vitamin C content was measured by the 2, 6-dichloroindophenol titrimetric method;
soluble sugar was measured by the anthrone method; soluble protein was measured by the
Coomassie brilliant blue method; nitrate content was measured by the ultraviolet spectropho‐
tometry method. For each treatment, thirty tomato fruits with a red or orange color were
collected randomly to determine the basic morphological parameters, containing long
diameter (L-diameter) and short diameter (S-diameter). Fruit weight was calculated from the
total number and weight of fruits harvested.

2.2. Results

2.2.1. Calcium solubility in LAB experiment preparation of EM-Calcium mixtures

According to the survey results from the measured Ca2+concentration, the Ca solubility was
calculated and showed in Table 2. Results indicated that the measured Ca2+concentration of
T5 and T4 was significantly higher (P<0.05) than that of T1, T2, T3. The Ca solubility of T4
reached the peak value of 89.5%, which was 22.17%, 31.00%, 9.90%, 9.79% higher than that of
T1, T2, T3, and T5 respectively. Therefore T4 was selected as the optimum formula applying
to the following field experiment on account of high calcium solubility. The eventually diluted
T4 solution used for the field experiment was acid, with the pH value of 4.7.

Treatment Theoretical Ca2+ concentration Measured Ca2+ concentration Solubility

T1 3.0‰ 2.02‰d 67.33%

T2 4.0‰ 2.34‰c 58.50%

T3 5.0‰ 3.98‰b 79.60%

T4 6.0‰ 5.37‰ab 89.50%

T5 7.0‰ 5.58‰a 79.71%

Means within a column followed by the same letter are not significant at P<0.05 (Duncan’s multiple range test).

Table 2. Theoretical and measured Ca2+concentration after 6 days fermentation
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2.2.2. Forms of Ca in fruit

The Ca accumulation in tomato fruits can directly reflect the effect of EM-calcium solution.
Fig. 1 gave the content of different forms of Ca in tomato fruits with different treatments.
According to the survey results, the EM-calcium application was mainly beneficial for the
accumulation of Alc-Ca, H2O-Ca, NaCl-Ca, and HAC-Ca, and which had no obvious effects
on the HCl-Ca and Res-Ca accumulation.

Ca pectate (NaCl-Ca) was the main Ca form presented in the ripe tomato fruits, occupied more
than 75% of total Ca content, as the figures shown. The NaCl-Ca content of SR, SF, SL, SO was
significantly higher (P<0.05) than that of CK, and the increases of SL were the most obvious,
closely followed by SO, which implied that SL and SO were conductive to the accumulation
of NaCl-Ca. While no significant difference (P>0.05) for NaCl-Ca content was observed
between ST and CK. Water-soluble calcium The EM-calcium application also had great
influences on the accumulation of water-soluble Ca including the Alc-Ca and H2O-Ca in
tomato fruits. Based on the results, SL increased the content of Alc-Ca and H2O-Ca most
significantly (P<0.05) by 2.19 and 0.71 multiples respectively in comparison with CK. Besides,
SR, SF, SO and ST increased Alc-Ca content significantly (P<0.05), and SR, SF increased H2O-
Ca content significantly (P<0.05), compared to CK. The H2O-Ca content in the tomato fruits of
SO and ST was significantly different (P<0.05), but there were no significant differences
between that of SO and CK, either ST and CK.

HAC-Ca content of SL and SO was significantly higher (P<0.05) than that of CK by 65.68% and
36.58% respectively, and the differences among CK, SR, SF and ST were not significant (P>0.05).
Dissimilarly, HCl-Ca content in SF, SL, SO was 24.77%, 29.05%, 10.05% lower than that in CK,
and the effects of ST and SR on the variation of HCl-Ca content were not obvious. Res-Ca
accounted for the smallest share of total Ca, except for ST, no significant differences of which
were found among the treatments (P>0.05), indicating that EM-calcium application had little
effects on the Res-Ca accumulation in tomato fruits.

2.2.3. Fruit quality

Fig. 2 showed some quality indexes of tomatoes observed with different spraying methods.
Vitamin C (L-ascorbic acid) is essential for all living plants where it functions as the main
hydrosoluble antioxidant (Lima-Silva et al., 2012). SF, SL, SO increased the vitamin C of tomato
fruit significantly (P<0.05) compared to CK, the increases of SL was most obvious,with the
value of 25.38%. However, SR and ST did not affect the content of vitamin C greatly.

Tomato taste quality is largely determined by the contents of soluble sugar (Dorais, 2001).
According to the results, the soluble sugar content of SL and SO was significantly higher
(P<0.05) than that of CK by 9.65% and 7.20% respectively, but there were no significant
differences (P>0.05) among that of CK, SR, SF and ST.

SL obtained the highest content of soluble protein, which was significantly higher (P<0.05)
than that in CK. SO took the second place, slightly lower than SL but no significant differences

Application of Active EM-Calcium in Green Agricultural Production — Case Study in Tomato and…
http://dx.doi.org/10.5772/58329

175
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extracted and determined by adopting Ohat Y’s method (Ohat Y, 1970), including Ca nitrate
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soluble sugar was measured by the anthrone method; soluble protein was measured by the
Coomassie brilliant blue method; nitrate content was measured by the ultraviolet spectropho‐
tometry method. For each treatment, thirty tomato fruits with a red or orange color were
collected randomly to determine the basic morphological parameters, containing long
diameter (L-diameter) and short diameter (S-diameter). Fruit weight was calculated from the
total number and weight of fruits harvested.

2.2. Results

2.2.1. Calcium solubility in LAB experiment preparation of EM-Calcium mixtures

According to the survey results from the measured Ca2+concentration, the Ca solubility was
calculated and showed in Table 2. Results indicated that the measured Ca2+concentration of
T5 and T4 was significantly higher (P<0.05) than that of T1, T2, T3. The Ca solubility of T4
reached the peak value of 89.5%, which was 22.17%, 31.00%, 9.90%, 9.79% higher than that of
T1, T2, T3, and T5 respectively. Therefore T4 was selected as the optimum formula applying
to the following field experiment on account of high calcium solubility. The eventually diluted
T4 solution used for the field experiment was acid, with the pH value of 4.7.

Treatment Theoretical Ca2+ concentration Measured Ca2+ concentration Solubility
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2.2.2. Forms of Ca in fruit

The Ca accumulation in tomato fruits can directly reflect the effect of EM-calcium solution.
Fig. 1 gave the content of different forms of Ca in tomato fruits with different treatments.
According to the survey results, the EM-calcium application was mainly beneficial for the
accumulation of Alc-Ca, H2O-Ca, NaCl-Ca, and HAC-Ca, and which had no obvious effects
on the HCl-Ca and Res-Ca accumulation.

Ca pectate (NaCl-Ca) was the main Ca form presented in the ripe tomato fruits, occupied more
than 75% of total Ca content, as the figures shown. The NaCl-Ca content of SR, SF, SL, SO was
significantly higher (P<0.05) than that of CK, and the increases of SL were the most obvious,
closely followed by SO, which implied that SL and SO were conductive to the accumulation
of NaCl-Ca. While no significant difference (P>0.05) for NaCl-Ca content was observed
between ST and CK. Water-soluble calcium The EM-calcium application also had great
influences on the accumulation of water-soluble Ca including the Alc-Ca and H2O-Ca in
tomato fruits. Based on the results, SL increased the content of Alc-Ca and H2O-Ca most
significantly (P<0.05) by 2.19 and 0.71 multiples respectively in comparison with CK. Besides,
SR, SF, SO and ST increased Alc-Ca content significantly (P<0.05), and SR, SF increased H2O-
Ca content significantly (P<0.05), compared to CK. The H2O-Ca content in the tomato fruits of
SO and ST was significantly different (P<0.05), but there were no significant differences
between that of SO and CK, either ST and CK.

HAC-Ca content of SL and SO was significantly higher (P<0.05) than that of CK by 65.68% and
36.58% respectively, and the differences among CK, SR, SF and ST were not significant (P>0.05).
Dissimilarly, HCl-Ca content in SF, SL, SO was 24.77%, 29.05%, 10.05% lower than that in CK,
and the effects of ST and SR on the variation of HCl-Ca content were not obvious. Res-Ca
accounted for the smallest share of total Ca, except for ST, no significant differences of which
were found among the treatments (P>0.05), indicating that EM-calcium application had little
effects on the Res-Ca accumulation in tomato fruits.

2.2.3. Fruit quality

Fig. 2 showed some quality indexes of tomatoes observed with different spraying methods.
Vitamin C (L-ascorbic acid) is essential for all living plants where it functions as the main
hydrosoluble antioxidant (Lima-Silva et al., 2012). SF, SL, SO increased the vitamin C of tomato
fruit significantly (P<0.05) compared to CK, the increases of SL was most obvious,with the
value of 25.38%. However, SR and ST did not affect the content of vitamin C greatly.

Tomato taste quality is largely determined by the contents of soluble sugar (Dorais, 2001).
According to the results, the soluble sugar content of SL and SO was significantly higher
(P<0.05) than that of CK by 9.65% and 7.20% respectively, but there were no significant
differences (P>0.05) among that of CK, SR, SF and ST.

SL obtained the highest content of soluble protein, which was significantly higher (P<0.05)
than that in CK. SO took the second place, slightly lower than SL but no significant differences
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(P>0.05) were found between them. SF and ST had little effects on the content of soluble protein
in tomato fruits. Compared to CK, the nitrate content in the other treatments was significantly
lower (P<0.05), and SL was particularly apparent. In terms of these basic quality indexes of
tomato fruits measured, SL was suggested as the preferable treatment since the above quality
indexes of SL were all at the satisfactory levels.

SR, SF, SO and ST increased Alc-Ca content significantly (P＜0.05), and SR, SF increased H2O-Ca content 

significantly (P＜0.05), compared to CK. The H2O-Ca content in the tomato fruits of SO and ST was 

significantly different (P＜0.05), but there were no significant differences between that of SO and CK, 

either ST and CK. 

HAC-Ca content of SL and SO was significantly higher (P＜0.05) than that of CK by 65.68% and 36.58% 

respectively, and the differences among CK, SR, SF and ST were not significant (P＞0.05). Dissimilarly, 

HCl-Ca content in SF, SL, SO was 24.77%, 29.05%, 10.05% lower than that in CK, and the effects of ST 

and SR on the variation of HCl-Ca content were not obvious. Res-Ca accounted for the smallest share of 

total Ca, except for ST, no significant differences of which were found among the treatments (P＞0.05), 

indicating that EM-calcium application had little effects on the Res-Ca accumulation in tomato fruits. 

 

Figure 1. The accumulation of different forms of Ca in tomato fruits after the application of EM-calcium solution on 

different tomato organs. Columns with the same letter represent values that are not significantly different at the 0.05 

level of probability according to the Duncan’s multiple range test. Each value is the mean ± SD (n = 3). The treatment 

symbols are the same as the experiment design. 
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Figure 1. The accumulation of different forms of Ca in tomato fruits after the application of EM-calcium solution on
different tomato organs. Columns with the same letter represent values that are not significantly different at the 0.05
level of probability according to the Duncan’s multiple range test. Each value is the mean ± SD (n=3). The treatment
symbols are the same as the experiment design.
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2.2.4. Fruit morphology, yield, and BER incidence

Fruit appearance is the first quality trait to consumers and determined by fruit size, shape
and color (Labate, 2007). The tomato fruit size, yield and BER morbidity harvested from
different treatments were displayed in Table 4. Results show that different treatments had
little effect on the fruit size, maximum D-value of L-diameter, S-diameter, individual fruit
weight was 0.46cm, 0.29cm and 17.8g/fruit respectively, which was found between SO and
CK, this implied that the fruit size was mainly determined by the genetic cultivar but has
few matters with exogenous Ca application. The highest tomato yield of 72.28 t ha-1 was
found in SL, followed by SO, CK obtained the lowest yield of 50.26 t ha-1, which was 22.02
t ha-1 lower compared to SL. Overall, SL processed obvious advantages in improving the
tomato yield among the treatments. After applied with EM-Calcium, the BER incidence of
tomato  fruits  was  well  controlled  to  different  extents,  according  to  the  results.  SL  ob‐
tained the lowest BER incidence of 9.42% compared to the other treatments, followed by
SR, recording as 10.28%. While ST had relatively less influences on the controlling of BER
incidence, only 2.23% lower than CK.

2.2.3. Fruit quality 

Fig. 2 showed some quality indexes of tomatoes observed with different spraying methods. Vitamin C 

(L-ascorbic acid) is essential for all living plants where it functions as the main hydrosoluble antioxidant 

(Lima-Silva et al., 2012). SF, SL, SO increased the vitamin C of tomato fruit significantly (P＜0.05) 

compared to CK, the increases of SL was most obvious,with the value of 25.38%. However, SR and ST 

did not affect the content of vitamin C greatly. 

Tomato taste quality is largely determined by the contents of soluble sugar (Dorais, 2001). According to 

the results, the soluble sugar content of SL and SO was significantly higher (P＜0.05) than that of CK by 

9.65% and 7.20% respectively, but there were no significant differences (P＞0.05) among that of CK, SR, 

SF and ST. 

 

Figure 2. Effects of EM-calcium application on some routine indexes of tomato quality. Columns with the same letter 

represent values that are not significantly different at the 0.05 level of probability according to the Duncan’s multiple 

range test. Each value is the mean ± SD (n = 3). The treatment symbols are the same as the experiment design. 
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Figure 2. Effects of EM-calcium application on some routine indexes of tomato quality. Columns with the same letter
represent values that are not significantly different at the 0.05 level of probability according to the Duncan’s multiple
range test. Each value is the mean ± SD (n=3). The treatment symbols are the same as the experiment design.
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(P>0.05) were found between them. SF and ST had little effects on the content of soluble protein
in tomato fruits. Compared to CK, the nitrate content in the other treatments was significantly
lower (P<0.05), and SL was particularly apparent. In terms of these basic quality indexes of
tomato fruits measured, SL was suggested as the preferable treatment since the above quality
indexes of SL were all at the satisfactory levels.

SR, SF, SO and ST increased Alc-Ca content significantly (P＜0.05), and SR, SF increased H2O-Ca content 

significantly (P＜0.05), compared to CK. The H2O-Ca content in the tomato fruits of SO and ST was 

significantly different (P＜0.05), but there were no significant differences between that of SO and CK, 

either ST and CK. 

HAC-Ca content of SL and SO was significantly higher (P＜0.05) than that of CK by 65.68% and 36.58% 

respectively, and the differences among CK, SR, SF and ST were not significant (P＞0.05). Dissimilarly, 

HCl-Ca content in SF, SL, SO was 24.77%, 29.05%, 10.05% lower than that in CK, and the effects of ST 

and SR on the variation of HCl-Ca content were not obvious. Res-Ca accounted for the smallest share of 

total Ca, except for ST, no significant differences of which were found among the treatments (P＞0.05), 

indicating that EM-calcium application had little effects on the Res-Ca accumulation in tomato fruits. 

 

Figure 1. The accumulation of different forms of Ca in tomato fruits after the application of EM-calcium solution on 

different tomato organs. Columns with the same letter represent values that are not significantly different at the 0.05 

level of probability according to the Duncan’s multiple range test. Each value is the mean ± SD (n = 3). The treatment 

symbols are the same as the experiment design. 
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Figure 1. The accumulation of different forms of Ca in tomato fruits after the application of EM-calcium solution on
different tomato organs. Columns with the same letter represent values that are not significantly different at the 0.05
level of probability according to the Duncan’s multiple range test. Each value is the mean ± SD (n=3). The treatment
symbols are the same as the experiment design.
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2.2.4. Fruit morphology, yield, and BER incidence

Fruit appearance is the first quality trait to consumers and determined by fruit size, shape
and color (Labate, 2007). The tomato fruit size, yield and BER morbidity harvested from
different treatments were displayed in Table 4. Results show that different treatments had
little effect on the fruit size, maximum D-value of L-diameter, S-diameter, individual fruit
weight was 0.46cm, 0.29cm and 17.8g/fruit respectively, which was found between SO and
CK, this implied that the fruit size was mainly determined by the genetic cultivar but has
few matters with exogenous Ca application. The highest tomato yield of 72.28 t ha-1 was
found in SL, followed by SO, CK obtained the lowest yield of 50.26 t ha-1, which was 22.02
t ha-1 lower compared to SL. Overall, SL processed obvious advantages in improving the
tomato yield among the treatments. After applied with EM-Calcium, the BER incidence of
tomato  fruits  was  well  controlled  to  different  extents,  according  to  the  results.  SL  ob‐
tained the lowest BER incidence of 9.42% compared to the other treatments, followed by
SR, recording as 10.28%. While ST had relatively less influences on the controlling of BER
incidence, only 2.23% lower than CK.

2.2.3. Fruit quality 

Fig. 2 showed some quality indexes of tomatoes observed with different spraying methods. Vitamin C 

(L-ascorbic acid) is essential for all living plants where it functions as the main hydrosoluble antioxidant 

(Lima-Silva et al., 2012). SF, SL, SO increased the vitamin C of tomato fruit significantly (P＜0.05) 

compared to CK, the increases of SL was most obvious,with the value of 25.38%. However, SR and ST 

did not affect the content of vitamin C greatly. 

Tomato taste quality is largely determined by the contents of soluble sugar (Dorais, 2001). According to 

the results, the soluble sugar content of SL and SO was significantly higher (P＜0.05) than that of CK by 

9.65% and 7.20% respectively, but there were no significant differences (P＞0.05) among that of CK, SR, 

SF and ST. 

 

Figure 2. Effects of EM-calcium application on some routine indexes of tomato quality. Columns with the same letter 

represent values that are not significantly different at the 0.05 level of probability according to the Duncan’s multiple 

range test. Each value is the mean ± SD (n = 3). The treatment symbols are the same as the experiment design. 
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Figure 2. Effects of EM-calcium application on some routine indexes of tomato quality. Columns with the same letter
represent values that are not significantly different at the 0.05 level of probability according to the Duncan’s multiple
range test. Each value is the mean ± SD (n=3). The treatment symbols are the same as the experiment design.
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Treatment
Fruit size Yield

(t ha-1)
BER incidence (%)

L-diameter (cm) S-diameter (cm) Weight (g/fruit)

CK 6.18 4.66 116.70 50.26 22.81%

SR 6.42 4.90 128.60 56.42 10.28%

SF 6.43 4.91 128.76 60.84 18.51%

SL 6.60 4.94 133.85 72.28 9.42%

SO 6.64 4.95 134.50 68.09 13.22%

ST 6.40 4.86 126.11 53.38 20.58%

Table 3. Effects of EM-Calcium solution application on tomato fruit size, yield and BER incidence

2.2.5. Ca accumulation in main parts of tomato plant

Ca accumulations in main parts of tomato plant with different EM-Calcium treatments were
displayed in Fig. 3; Ca content in upper leaf of SO, ST was significantly higher (P<0.05) than
that of the other treatments, however, which of SL was slightly lower compared with CK, this
indicated that spraying EM-Calcium on tomato leaves may change the migration path of
calcium in the leaves; Similar laws were also found in the Ca accumulation of lower leaf, Ca
content in lower leaf of SL was significantly lower (P<0.05) than that of the other treatments
(except CK). According to the results from Ca content in upper leaf and lower leaf, it could be
also inferred that SO had the most significant impact on the Ca accumulation of tomato leaves.

ST increased the Ca accumulation of root most significantly, and no significant differences
(P>0.05) were observed among SF, SL and SO. Ca contents of stem were obviously lower than
that of other plant organs, and the differences of which among the treatments were relatively
less, Ca content in the stem of SO was significantly higher (P<0.05), and there were no
significant differences (P>0.05) among the other treatments.

 

Figure 3. Effects of EM-calcium application on the Ca accumulation in main parts of tomato plants. Columns with 

the same letter represent values that are not significantly different at the 0.05 level of probability according to the 

Duncan’s multiple range test. Each value is the mean ± SD (n = 3). The treatment symbols are the same as the 

experiment design. 
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2.3. Discussions

Calcium is well known for having regulatory roles in metabolism and sodium ions may
compete with calcium ions for membranebinding sites (Tuna et al., 2007), and is also known
to bind to phospholipids and proteins on the membrane surface, which is required to maintain
proper membrane structure and integrity (Jones and Lunt, 1967; Suzuki et al., 2003), thus to
some degree, high calcium levels can protect the cell membrane from the adverse effects. In
view of the important role calcium played, much emphasis was put on the exogenous Ca
application for plants. In the choice of Ca nutrient solution for tomato, materials such as
CaSO4 2H2O (Hall, 1977), CaNO3 4H2O (Eraslan et al., 2007; Murillo-Amador et al., 2006),
CaCl2 (Dong Cai-xia, 2001; Schmitz-Eiberger et al., 2002; Xu et al., 2010), CaO (Almeida et al.,
2009; Asiegbu and Uzo, 1983) had been selected as Ca resources for different studies. Before
preparing the Ca solution in this study, the activity of Ca ions and cost of the calcium solution
were mainly taken into consideration during the selection process of materials, we tried to
mixed the gypsum with EM previously, while it was found that the solubility of gypsum in
EM was not satisfactory compared to that of lime, the lime was finally selected as the Ca
resource. Before the experiment we also concerned about whether the Ca2+suspension made
by lime would change the survival environment of the acid-loving effective microbes, results
proved later that the pH of the mixed liquor fallen back to suitable levels after several days’
fermentation. Under microbial actions, the solubility of calcium in EM obtained a satisfactory
result (maximum Ca2+solubility of 89.50%), while with the increasing application of lime, EM,
and molasses, the dissolving capacity of calcium presented a decline trend, it was predicted
that the measured Ca2+concentration of the EM-Calcium solution would stay in a certain value
and the solubility of calcium would decrease with the increasing of raw materials. According
to the results of the lab experiment, the mixture of Ca2+suspension/ EM/ molasses/ DI water
with a volume ratio of 3: 1.5: 1.5: 4 was recommended to practice.

Recent studies tented to adopt foliar-sprayed method on the exogenous Ca application for
tomato plants (Eraslan et al., 2007; Gezerel, 1986; Murillo-Amador et al., 2006); there were also
experiments (Tabatabaie et al., 2004) about the use of solutions of different concentrations
applied to different parts of tomato root system. This experiment showed that the foliar-
sprayed method was most beneficial for the Ca accumulation of tomato fruits according to
Table 4, spraying EM-Calcium solution on plant leaves increased the Alc-Ca, H2O-Ca, NaCl-
Ca, HAC-Ca contents of tomato fruits more significantly than spraying on the other organs,
increment of NaCl-Ca content (calcium pectate) was especially notable, this might be related
to the increases of soluble pectin in tomato fruits with the ripening of tomatoes (Ashraf M,
1981). Spraying the calcium nutrition on surface of fruits such as litchi, sweet cherry and grape
proved not to be an effective way (Combrink, 1995; Huang et al., 2008; Koffmann, 1996), while
for tomato fruits in this experiment, results showed that EM-Calcium application had no
significant effects on the Ca increment in old tomato fruit, while which had significant effects
on the Ca increment in young tomato fruit.

Vitamin C acts as an antioxidant in plants and its levels are responsive to a variety of envi‐
ronmental or stress factors, for example light, temperature, salt and drought, atmospheric
pollutants, metals or herbicides (Singh et al., 2012), and which was reported having positive
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Treatment
Fruit size Yield

(t ha-1)
BER incidence (%)

L-diameter (cm) S-diameter (cm) Weight (g/fruit)

CK 6.18 4.66 116.70 50.26 22.81%

SR 6.42 4.90 128.60 56.42 10.28%

SF 6.43 4.91 128.76 60.84 18.51%

SL 6.60 4.94 133.85 72.28 9.42%

SO 6.64 4.95 134.50 68.09 13.22%

ST 6.40 4.86 126.11 53.38 20.58%

Table 3. Effects of EM-Calcium solution application on tomato fruit size, yield and BER incidence

2.2.5. Ca accumulation in main parts of tomato plant

Ca accumulations in main parts of tomato plant with different EM-Calcium treatments were
displayed in Fig. 3; Ca content in upper leaf of SO, ST was significantly higher (P<0.05) than
that of the other treatments, however, which of SL was slightly lower compared with CK, this
indicated that spraying EM-Calcium on tomato leaves may change the migration path of
calcium in the leaves; Similar laws were also found in the Ca accumulation of lower leaf, Ca
content in lower leaf of SL was significantly lower (P<0.05) than that of the other treatments
(except CK). According to the results from Ca content in upper leaf and lower leaf, it could be
also inferred that SO had the most significant impact on the Ca accumulation of tomato leaves.

ST increased the Ca accumulation of root most significantly, and no significant differences
(P>0.05) were observed among SF, SL and SO. Ca contents of stem were obviously lower than
that of other plant organs, and the differences of which among the treatments were relatively
less, Ca content in the stem of SO was significantly higher (P<0.05), and there were no
significant differences (P>0.05) among the other treatments.
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the same letter represent values that are not significantly different at the 0.05 level of probability according to the 
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2.3. Discussions

Calcium is well known for having regulatory roles in metabolism and sodium ions may
compete with calcium ions for membranebinding sites (Tuna et al., 2007), and is also known
to bind to phospholipids and proteins on the membrane surface, which is required to maintain
proper membrane structure and integrity (Jones and Lunt, 1967; Suzuki et al., 2003), thus to
some degree, high calcium levels can protect the cell membrane from the adverse effects. In
view of the important role calcium played, much emphasis was put on the exogenous Ca
application for plants. In the choice of Ca nutrient solution for tomato, materials such as
CaSO4 2H2O (Hall, 1977), CaNO3 4H2O (Eraslan et al., 2007; Murillo-Amador et al., 2006),
CaCl2 (Dong Cai-xia, 2001; Schmitz-Eiberger et al., 2002; Xu et al., 2010), CaO (Almeida et al.,
2009; Asiegbu and Uzo, 1983) had been selected as Ca resources for different studies. Before
preparing the Ca solution in this study, the activity of Ca ions and cost of the calcium solution
were mainly taken into consideration during the selection process of materials, we tried to
mixed the gypsum with EM previously, while it was found that the solubility of gypsum in
EM was not satisfactory compared to that of lime, the lime was finally selected as the Ca
resource. Before the experiment we also concerned about whether the Ca2+suspension made
by lime would change the survival environment of the acid-loving effective microbes, results
proved later that the pH of the mixed liquor fallen back to suitable levels after several days’
fermentation. Under microbial actions, the solubility of calcium in EM obtained a satisfactory
result (maximum Ca2+solubility of 89.50%), while with the increasing application of lime, EM,
and molasses, the dissolving capacity of calcium presented a decline trend, it was predicted
that the measured Ca2+concentration of the EM-Calcium solution would stay in a certain value
and the solubility of calcium would decrease with the increasing of raw materials. According
to the results of the lab experiment, the mixture of Ca2+suspension/ EM/ molasses/ DI water
with a volume ratio of 3: 1.5: 1.5: 4 was recommended to practice.

Recent studies tented to adopt foliar-sprayed method on the exogenous Ca application for
tomato plants (Eraslan et al., 2007; Gezerel, 1986; Murillo-Amador et al., 2006); there were also
experiments (Tabatabaie et al., 2004) about the use of solutions of different concentrations
applied to different parts of tomato root system. This experiment showed that the foliar-
sprayed method was most beneficial for the Ca accumulation of tomato fruits according to
Table 4, spraying EM-Calcium solution on plant leaves increased the Alc-Ca, H2O-Ca, NaCl-
Ca, HAC-Ca contents of tomato fruits more significantly than spraying on the other organs,
increment of NaCl-Ca content (calcium pectate) was especially notable, this might be related
to the increases of soluble pectin in tomato fruits with the ripening of tomatoes (Ashraf M,
1981). Spraying the calcium nutrition on surface of fruits such as litchi, sweet cherry and grape
proved not to be an effective way (Combrink, 1995; Huang et al., 2008; Koffmann, 1996), while
for tomato fruits in this experiment, results showed that EM-Calcium application had no
significant effects on the Ca increment in old tomato fruit, while which had significant effects
on the Ca increment in young tomato fruit.

Vitamin C acts as an antioxidant in plants and its levels are responsive to a variety of envi‐
ronmental or stress factors, for example light, temperature, salt and drought, atmospheric
pollutants, metals or herbicides (Singh et al., 2012), and which was reported having positive
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correlation with potassium (K) supply (Marin, 2009), Bangerth (1976) observed an increase in
vitamin C content of tomato fruits treated with calcium chloride. In this experiment, we do
not exclude the Ca factor when explained the improvement of tomato quality, while EM was
more likely to be the main factor, since EM had been reported to have effects on enhancing
crop photosynthesis, increasing crop protein contents, and improving crop quality (Daming,
1999; Shousong, 1998). Another evidence to support this speculation was that the soluble sugar
correlated negatively with calcium (Beckles, 2012). Taken as a whole, EM-Calcium application
significantly improved the fruit quality of tomato (evaluation indexes including vitamin C,
soluble sugar, soluble protein, and nitrate); meanwhile, foliar-spray proved to be a preferable
method when supplying EM-Calcium in this study.

The BER incidence may induced by the stresses in the root zone, such as salinity, soil water
stress, NH4

+toxicity and oxygen withholding (Saure, 2001; Tachibana, 1991), although the
impact mechanisms are not fully understood, these factors were considered either directly or
indirectly related to Ca2+deficiency: Tuna et al.(2007) reported that the exogenous
Ca2+application significantly improved growth and physiological variables affected by salt
stress, from another perspective, Adams (1990) showed that increasing the salinity above 4mS
cm-1 by addition of major nutrients would reduce Ca content; According to some studies
(Albahou, 1999; Žanić et al., 2011), the increased proportions of NH4

+in standard nutrient
solution were often associated with severity of blossom-end rot known as a physiological
disorder of tomato fruit, and Siddiqi (2002) suggested that the NH4

+presence with a percentage
of 10% in total N reduced Ca2+accumulation; The BER occured commonly when the soil
moisture content was deficit or fully adequate (Adams, 1992, 1993), and there was a minimum
rate of transpiration relative to leaf growth rate below which calcium deficiency symptoms
were occured (Hamer, 2003); Tachibana (1991) also reported that withholding the oxygen
supply to roots at night was a cause of tomato BER, which greatly inhibited the absorption of
Ca. The negative correlation between Ca nutrient supply and BER incidence was also found
in this study, similar to many other studies (Besford, 1978; Mestre et al., 2012; Olle M, 2009). It
was concluded here that the BER incidence of different EM-Calcium treatments was
2.23%-13.39% lower than that of CK.

Fig. 5 showed the yield of marketable tomatoes, which was significantly increased by the
treatments except ST, Gezerel (1986) reported the application of foliar fertilizer containing
calcium of 0.2% increased the tomato yields and fruit weight. Mayer (2010) inferred that the
effects of EM preparation on crop yield increasing could be related to nutrient inputs by EM
carrier substrates. Hu and Qi (2013b) reported that long-term effective microorganisms
application could promote crop growth and increase yields and nutrition. In this study, we
deduced that EM alone had no obvious effects on crop yield, while it could enhance the
availability of nutrient supplied. Mestre et al.(2012) observed a negative and significant
correlation between fruit yield and BER (r=-0.810), our results showed that the BER incidence
had significant correlation with total tomato yield (r=-0.736) and marketable tomato yield
(r=-0.862).

Early study (del Amor and Marcelis, 2006) reported that Ca concentration of tomato plant was
significantly reduced by low-Ca supply (0.5 meq L-1) compared with the nutrient standard
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solution (9 meq L-1), and with 14 days’ low-Ca application, Ca concentration in all plant organs
(leaves, stems and roots) was reduced by approximately 70% compared to control plants; we
reported that 2.0‰ Ca application increased the Ca accumulation in upper leaf, lower leaf,
root, stem to maximum rates of 28.09%, 23.50%, 29.15%, 33.34% compared to no-calcium
treatment, the causes of the difference were probably related to the nutrient supply methods,
calcium supply through roots increased the Ca content of tomato fruits by increasing which
of other organs, while calcium spray on leaves or young fruits increased Ca content of tomato
fruits by changing the Ca migration, the evidence to support this speculation in this study was
that the foliar spray increased the Ca content of fruits but decreased which of leaves. Dong
(2001) guessed that a “Ca-attracted” center was formed in the spray organ when spraying Ca
nutrient (CaCl2), Ca2+was attracted to the center and then migrated from the center to the organ
which needed Ca most. However, the migration mechanism about Ca migration with exoge‐
nous Ca application needed to be examined by 45Ca tracing technique (Behling et al., 1989;
Yamauchi et al., 1986).

3. Effects of EM-Calcium on production of flue-cured tobacco

3.1. Materials and methods

3.1.1. Test site

The experiments were carried out in a plastic sheet covered greenhouse from March 2013 to
September 2013 in the Vegetables and Flowers Institute of Nanjing (latitude 31°43' N, longitude
118°46'E), China. The average annual rainfall is about 1106.5mm, with the rainy season from
the end of June to the middle of July, and the average yearly temperature is approximately
15.7℃ and average humidity is about 81%. The soil characters were: pH 5.68, 14.47 g/kg organic
matter, 28.5 mg/kg available P, 153.84 mg/kg available K, 1.3 8g/kg total nitrogen.

3.1.2. Experimental design

K326 was chosen as the flue-cured tobacco plant material, with young plants elaborately
cultivated in made-in-order seedling trays; then they would be transplanted into the lysimeters
when they grew 6 expanded leaves. The planting density was 12 plants per treatment, with
the line spacing of 0.8m and plant spacing of 0.6m. After that, conventional field management
was conducted in the first week.

For simulating the water stress in growing stages, the irrigation amount was designed as
400mm during the whole growth stage. Irrigation waters of root-extending stage, vigorous
stage and maturity stage in this experiment were assigned as 40%, 20%, 40% for the total water
consumption respectively, and they were irrigated 6 times in each growth stage. Tobacco
dedicated fertilizers (provided by the Institute of Guizhou Tobacco Science, N: P2O5: K2O=1:2:3)
were applied according to a proportion of basal dressing: topdressing=7:3, the latency time of
topdressing was 26 days after transplanted.
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correlation with potassium (K) supply (Marin, 2009), Bangerth (1976) observed an increase in
vitamin C content of tomato fruits treated with calcium chloride. In this experiment, we do
not exclude the Ca factor when explained the improvement of tomato quality, while EM was
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matter, 28.5 mg/kg available P, 153.84 mg/kg available K, 1.3 8g/kg total nitrogen.

3.1.2. Experimental design

K326 was chosen as the flue-cured tobacco plant material, with young plants elaborately
cultivated in made-in-order seedling trays; then they would be transplanted into the lysimeters
when they grew 6 expanded leaves. The planting density was 12 plants per treatment, with
the line spacing of 0.8m and plant spacing of 0.6m. After that, conventional field management
was conducted in the first week.

For simulating the water stress in growing stages, the irrigation amount was designed as
400mm during the whole growth stage. Irrigation waters of root-extending stage, vigorous
stage and maturity stage in this experiment were assigned as 40%, 20%, 40% for the total water
consumption respectively, and they were irrigated 6 times in each growth stage. Tobacco
dedicated fertilizers (provided by the Institute of Guizhou Tobacco Science, N: P2O5: K2O=1:2:3)
were applied according to a proportion of basal dressing: topdressing=7:3, the latency time of
topdressing was 26 days after transplanted.
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Detailed experimental treatments regarding the water-retaining agent amount and EM-
calcium content were shown in Table 4. EM-calcium with 2.0‰ Ca2+concentration was
prepared as 2.2.1.

Treatment Ca2+ concentration
EM-Ca amount

(ml/time)

Intervals of spraying

(days)

MP3005

(g/plant)
Growth stage

CK --- --- --- --- ---

P1 1‰ 2 3 0 Root extending (R)

P2 1‰ 2 3 0 Vigorous (V)

P3 1‰ 2 3 0 R+V

P4 1‰ 2 3 30 R

P5 1‰ 2 3 30 V

P6 1‰ 2 3 30 R+V

Table 4. Experimental design

3.1.3. Measurements

3 representative tobacco plants were sampled for each replication. At harvest time, the lower
leaves, middle leaves and upper leaves were collected orderly, killed by 105℃ high tempera‐
ture and toasted to the constant weight (Hou et al., 2012; Maomao Hou, 2013). Weight of dry
tobacco leaves was measured and recorded to calculate the total yield.

IWUE was calculated by the formula (Aujla et al., 2005; Ünlü et al., 2011):

IWUE =
Y
I

Where, IWUE (kg/m3) was the irrigation water use efficiency; Y was the tobacco dry yield (kg/
hm2); I was the irrigation amount (m3/hm2).

3.2. Results

3.2.1. Agronomic characters of flue-cured tobacco

Fig. 4 showed the changes of total area of flue-cured tobacco leaves in single plant with days
after transplanted. As shown in the Figure 4, during 45~77 days, flue-cured tobaccos in P4 grew
more satisfactory compared to that in other treatments, and the leaf area of single plant in T4
reached a higher value of 36897.9 cm2 in 77 days. However, P2 showed a poor performance in
leaf area enhancement, recording as 32110.1 cm2 only. From the view of leaf area enhancement,
the effects of water-retaining agent treatments were obviously better than those with no water-
retaining agent. Under the same application amount of water-retaining agent, the effects of
EM-calcium spray in root-extending stage were better than those in vigorous stage and root-
extending+vigorous stage. The results were different from the expectation, it was maybe that
the EM-calcium spray blocked the leaf stoma after long-time application. On the whole, P4
was supposed to be the better treatment from a pure view of leaf area increasing.
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Figure 4. Leaf area increasing with days after transplanted

Table 5 displayed the plant height and stem girth with days after transplanted under different
treatments. As shown from the Table 5, no obvious differences were found among the
treatments, this was mainly because the fertilizer application was equal in different treatments.
At 77 days after transplanted, the plant height of different treatments were recorded as 105.4~
122.0 cm and the plant stem girth were around 6.9~7.4 cm.

Treatment
Height (cm) Stem (cm)

30d 45d 63d 77d 30d 45d 63d 77d

CK 9.2 38.7 84.5 109.9 3.1 4.3 6.0 7.0

P1 10.5 39.6 86.2 110.6 3.2 4.3 6.3 7.2

P2 10.2 35.8 83.9 105.4 3.1 4.0 5.9 6.9

P3 11.1 41.2 88.0 113.9 3.3 4.4 6.2 7.3

P4 12.8 43.9 97.4 122.0 3.7 4.8 6.5 7.4

P5 11.4 41.2 91.8 108.5 3.4 4.5 6.3 7.1

P6 12.3 42.5 96.9 119.8 3.4 4.6 6.6 7.2

Table 5. Plant stem girth and height with days after transplanted
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Detailed experimental treatments regarding the water-retaining agent amount and EM-
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ture and toasted to the constant weight (Hou et al., 2012; Maomao Hou, 2013). Weight of dry
tobacco leaves was measured and recorded to calculate the total yield.

IWUE was calculated by the formula (Aujla et al., 2005; Ünlü et al., 2011):

IWUE =
Y
I

Where, IWUE (kg/m3) was the irrigation water use efficiency; Y was the tobacco dry yield (kg/
hm2); I was the irrigation amount (m3/hm2).

3.2. Results

3.2.1. Agronomic characters of flue-cured tobacco

Fig. 4 showed the changes of total area of flue-cured tobacco leaves in single plant with days
after transplanted. As shown in the Figure 4, during 45~77 days, flue-cured tobaccos in P4 grew
more satisfactory compared to that in other treatments, and the leaf area of single plant in T4
reached a higher value of 36897.9 cm2 in 77 days. However, P2 showed a poor performance in
leaf area enhancement, recording as 32110.1 cm2 only. From the view of leaf area enhancement,
the effects of water-retaining agent treatments were obviously better than those with no water-
retaining agent. Under the same application amount of water-retaining agent, the effects of
EM-calcium spray in root-extending stage were better than those in vigorous stage and root-
extending+vigorous stage. The results were different from the expectation, it was maybe that
the EM-calcium spray blocked the leaf stoma after long-time application. On the whole, P4
was supposed to be the better treatment from a pure view of leaf area increasing.
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Figure 4. Leaf area increasing with days after transplanted

Table 5 displayed the plant height and stem girth with days after transplanted under different
treatments. As shown from the Table 5, no obvious differences were found among the
treatments, this was mainly because the fertilizer application was equal in different treatments.
At 77 days after transplanted, the plant height of different treatments were recorded as 105.4~
122.0 cm and the plant stem girth were around 6.9~7.4 cm.

Treatment
Height (cm) Stem (cm)

30d 45d 63d 77d 30d 45d 63d 77d

CK 9.2 38.7 84.5 109.9 3.1 4.3 6.0 7.0

P1 10.5 39.6 86.2 110.6 3.2 4.3 6.3 7.2

P2 10.2 35.8 83.9 105.4 3.1 4.0 5.9 6.9

P3 11.1 41.2 88.0 113.9 3.3 4.4 6.2 7.3

P4 12.8 43.9 97.4 122.0 3.7 4.8 6.5 7.4

P5 11.4 41.2 91.8 108.5 3.4 4.5 6.3 7.1

P6 12.3 42.5 96.9 119.8 3.4 4.6 6.6 7.2

Table 5. Plant stem girth and height with days after transplanted
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3.2.2. Chlorophyll content of tobacco leaves

Fig. 5 showed the dynamic changes of chlorophyll content in tobacco leaves under different
treatments more visually, chlorophyll content in tobacco leaves was decreased with a higher
rate at the later growth stage. The chlorophyll content of tobacco leaves with water-retaining
agent was slightly lower than that with no water-retaining agent, at 63 d after transplanted,
the chlorophyll content of tobacco leaves under different treatments was recorded as 1.69 mg/
g-1.85 mg/g; at 87 days after transplanted, the chlorophyll content of tobacco leaves was in the
lowest level of 0.97 mg/g-1.12 mg/g.
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Figure 5. The changes of chlorophyll content in tobacco leaves varying with days after transplanted

3.2.3. Dry matter accumulation

Table 6 showed the dry matter accumulation of different tobacco organs and the total yield
under different treatments. From the table it was found that the dry matter amount of leaf and
stem and root in P4 was the highest, recording as 73.6 g, 88.1 g and 164.9 g respectively. The
dry matter amount of leaves with water-retaining agent treatments were 4.99%-14.28% higher
than that with no water-retaining agent application. Under the same amount of water--
retaining agent application, EM-calcium spray in root-extending stage was much better than
that in other stages. Dry matter amount of leaf in P1 and P4 was higher than that of other
treatment, and the tobacco yield of P4 was highest, recording as 2473.5 kg/hm2, followed closely
by P6, which of P2 was the lowest.
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Treatment

Root Stem Leaf

Whole

Plant(g)

Yield

(kg/hm2)Dry

matter(g)

Proportion

(%)

Dry

matter

(g)

Proportion

(%)

Dry

matter

(g)

Proportion(%)

CK 63.2 21.76% 82.9 28.55% 144.3 49.69% 290.4 2164.5

P1 62.1 21.01% 85.4 28.89% 148.1 50.10% 295.6 2221.5

P2 58.7 21.43% 75.4 27.53% 139.8 51.04% 273.9 2097.0

P3 64.5 22.13% 80.5 27.62% 146.5 50.26% 291.5 2197.5

P4 73.6 22.54% 88.1 26.97% 164.9 50.49% 326.6 2473.5

P5 67.7 22.76% 78.3 26.32% 151.5 50.92% 297.5 2272.5

P6 68.7 22.50% 77.9 25.52% 158.7 51.98% 305.3 2380.5

Table 6. The dry matter accumulation of different tobacco organs and the total yield under different treatments.

3.2.4. Nutrient absorption

Calcium is well known to maintain proper membrane structure and integrity and plays
important roles in crop development and disease control (Almeida et al., 2009; Berry et al.,
1988; Evans, 1953; Hall, 1977). In flue-cured tobacco cultivation, calcium helps to coordinate
the physiology function of tobacco plant, making the tobacco plant root system stronger,
growing vigorously and harvesting timely. Ca2+has promoting effects for the growth of tobacco
seedlings and can improve the drought-resistant ability of tobacco seedlings. In addition, the
high calcium content in tobacco leaves delays the maturity of tobacco, characterized by
stiffness and hardness of the tobacco leaves, thus the use value of tobacco leaves is decreased,
excess calcium may also cause disorder of some microelements in tobacco plants and produce
toxic impacts; while calcium deficiency can lead to the deformity of tobacco plants and generate
a spoon-shaped reverse disease of tobacco leaves. As was shown in Fig. 6, the exogenous
application of calcium significantly increased the calcium content in tobacco leaves, and the
effects of spraying in root-extending stage were more satisfactory than those in other stages,
this may be related to that the water stress in maturity affected negatively the effects of EM-
calcium.

3.2.5. Irrigation water use efficiency

Fig. 7 showed the IWUE of flue-cured tobacco plants with different treatments. It could be seen
that the differences of IWUE among the treatments were more significant, P4 obtained the
highest IWUE of 0.618 kg/m3, followed by P6, and IWUE value of T2 was the minimum,
recording as 0.524 kg/m3. Since the equal irrigation amount among the treatments, IWUE
presented a positive relationship with the flue-cured tobacco yield.
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3.2.2. Chlorophyll content of tobacco leaves

Fig. 5 showed the dynamic changes of chlorophyll content in tobacco leaves under different
treatments more visually, chlorophyll content in tobacco leaves was decreased with a higher
rate at the later growth stage. The chlorophyll content of tobacco leaves with water-retaining
agent was slightly lower than that with no water-retaining agent, at 63 d after transplanted,
the chlorophyll content of tobacco leaves under different treatments was recorded as 1.69 mg/
g-1.85 mg/g; at 87 days after transplanted, the chlorophyll content of tobacco leaves was in the
lowest level of 0.97 mg/g-1.12 mg/g.
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3.2.3. Dry matter accumulation

Table 6 showed the dry matter accumulation of different tobacco organs and the total yield
under different treatments. From the table it was found that the dry matter amount of leaf and
stem and root in P4 was the highest, recording as 73.6 g, 88.1 g and 164.9 g respectively. The
dry matter amount of leaves with water-retaining agent treatments were 4.99%-14.28% higher
than that with no water-retaining agent application. Under the same amount of water--
retaining agent application, EM-calcium spray in root-extending stage was much better than
that in other stages. Dry matter amount of leaf in P1 and P4 was higher than that of other
treatment, and the tobacco yield of P4 was highest, recording as 2473.5 kg/hm2, followed closely
by P6, which of P2 was the lowest.
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Yield
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Calcium is well known to maintain proper membrane structure and integrity and plays
important roles in crop development and disease control (Almeida et al., 2009; Berry et al.,
1988; Evans, 1953; Hall, 1977). In flue-cured tobacco cultivation, calcium helps to coordinate
the physiology function of tobacco plant, making the tobacco plant root system stronger,
growing vigorously and harvesting timely. Ca2+has promoting effects for the growth of tobacco
seedlings and can improve the drought-resistant ability of tobacco seedlings. In addition, the
high calcium content in tobacco leaves delays the maturity of tobacco, characterized by
stiffness and hardness of the tobacco leaves, thus the use value of tobacco leaves is decreased,
excess calcium may also cause disorder of some microelements in tobacco plants and produce
toxic impacts; while calcium deficiency can lead to the deformity of tobacco plants and generate
a spoon-shaped reverse disease of tobacco leaves. As was shown in Fig. 6, the exogenous
application of calcium significantly increased the calcium content in tobacco leaves, and the
effects of spraying in root-extending stage were more satisfactory than those in other stages,
this may be related to that the water stress in maturity affected negatively the effects of EM-
calcium.

3.2.5. Irrigation water use efficiency

Fig. 7 showed the IWUE of flue-cured tobacco plants with different treatments. It could be seen
that the differences of IWUE among the treatments were more significant, P4 obtained the
highest IWUE of 0.618 kg/m3, followed by P6, and IWUE value of T2 was the minimum,
recording as 0.524 kg/m3. Since the equal irrigation amount among the treatments, IWUE
presented a positive relationship with the flue-cured tobacco yield.

Application of Active EM-Calcium in Green Agricultural Production — Case Study in Tomato and…
http://dx.doi.org/10.5772/58329

185



0.44

0.48

0.52

0.56

0.60

0.64

CK P1 P2 P3 P4 P5 P6

IW
U

E
kg

/m
3

Figure 7. Irrigation water use efficiency with different treatments
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Figure 6. Nutrient absorption of tobacco leaves with different treatments
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3.2.6. Optimal selection of the best management scheme

Table. 7 showed the evaluation indexes of different treatments including the tobacco yield,
IWUE, Ca content in tobacco leaves and the cost, among these indexes, the cost was calculated
based on the price list of raw materials provided by EMRO Limited Company, Nanjing Branch.
Table. 7 showed that the advantages and disadvantages of each treatment were distinct, taking
P1, P2 and P3 as example, although the cost of them was lower, the yield and IWUE were lower
than those of P4,P5 and P6; Ca content of tobacco leaves with P3 treatment was the highest,
reaching 2.546%, but the yield of P3 was not in the highest level. Therefore, a scientific
evaluation method was needed here to select the optimal management scheme.

Treatment Yield (kg/hm2)
IWUE

(kg/m3)

Ca

(%)

Cost

(USD/plant)

CK 2164.5 0.54 2.131 0

P1 2221.5 0.56 2.454 0.0033

P2 2097.0 0.52 2.297 0.0033

P3 2197.5 0.55 2.546 0.0067

P4 2473.5 0.62 2.387 0.0167

P5 2272.5 0.57 2.224 0.0167

P6 2380.5 0.60 2.478 0.0200

Table 7. Evaluation indexes

Modeling approach was shown below (Chen and Li, 2010; Chou et al., 2012):

Supposing that there were n evaluation indexes and m schemes, m schemes corresponding
with n indexes obtained the following matrix:

R =(rij)m×n

Where; rij is the jth evaluation index of the ith scheme. To rj, there was information entropy:

Ej = −∑
i=1

m
pijlnpij, ( j =1, 2, 3, …n)

And Pij were calculated as the formula:

pij = rij /∑
i−1

m
rij

The entropy value of jth index was:

ej =
1

lnm Ej, ( j =1, 2, 3, …, n)
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3.2.6. Optimal selection of the best management scheme

Table. 7 showed the evaluation indexes of different treatments including the tobacco yield,
IWUE, Ca content in tobacco leaves and the cost, among these indexes, the cost was calculated
based on the price list of raw materials provided by EMRO Limited Company, Nanjing Branch.
Table. 7 showed that the advantages and disadvantages of each treatment were distinct, taking
P1, P2 and P3 as example, although the cost of them was lower, the yield and IWUE were lower
than those of P4,P5 and P6; Ca content of tobacco leaves with P3 treatment was the highest,
reaching 2.546%, but the yield of P3 was not in the highest level. Therefore, a scientific
evaluation method was needed here to select the optimal management scheme.

Treatment Yield (kg/hm2)
IWUE

(kg/m3)

Ca

(%)

Cost

(USD/plant)

CK 2164.5 0.54 2.131 0

P1 2221.5 0.56 2.454 0.0033

P2 2097.0 0.52 2.297 0.0033

P3 2197.5 0.55 2.546 0.0067

P4 2473.5 0.62 2.387 0.0167

P5 2272.5 0.57 2.224 0.0167

P6 2380.5 0.60 2.478 0.0200

Table 7. Evaluation indexes

Modeling approach was shown below (Chen and Li, 2010; Chou et al., 2012):

Supposing that there were n evaluation indexes and m schemes, m schemes corresponding
with n indexes obtained the following matrix:

R =(rij)m×n

Where; rij is the jth evaluation index of the ith scheme. To rj, there was information entropy:

Ej = −∑
i=1

m
pijlnpij, ( j =1, 2, 3, …n)

And Pij were calculated as the formula:

pij = rij /∑
i−1

m
rij

The entropy value of jth index was:

ej =
1

lnm Ej, ( j =1, 2, 3, …, n)
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The objective weight of jth index was:

θj =(1− ej) /∑
i=1

n
(1− ej), ( j =1, 2, 3, …, n)

It was clear that:

0≤θj ≤1; ∑
j=1

n
θj =1

This study took the subjective information into the calculations, the comprehensive weight
could be obtained by combining the subjective weight w1, w2, w3…wn of the decision makers
with the objective weight θj (j=1,2,3,…,n):

αj =θjωj̄ /∑
j=1

n
θjωj̄, ( j =1, 2, 3, …, n)

Recording the optimum value of each row as rj
*, normalize the elements in the matrix, and rj

*

value was varied with the index characters. The indexes could be divided into two classes: The
profitable indexes and the damnous indexes, which were “the larger the better” and “the
smaller the better”, listing as follows:

dij ={ rij
rj∗

, rj∗=max{rij}

rj∗

rij
, rj∗=min{rij}

The entropy coefficient value (A better management scheme would obtain a higher entropy
coefficient value) of each treatment could be calculated by:

λi =∑
j=1

n
αdij, i =1, 2, 3, …, m.

The calculated objective weight of the tobacco yield, IWUE, Ca content in tobacco leaves and
the cost were 0.2142, 0.2135, 0.2003, and 0.3720. However, since the strict requirement on water
saving, the subjective weight of which was assigned as 0.4, 0.4, 0.15, 0.05 respectively. Fig. 8
showed the entropy weight coefficient of different treatments, based on the principle of
entropy weight coefficient “the higher the better”, P4 was supposed to be the best scheme, in
other words, 30 g/plant MP3005 water-retaining agent combined with EM-calcium spray (‰1
Ca2+) during the root-extending stage of flue-cured tobaccos was the optimal management
scheme, and the interval of spraying time was 3 days with 2 mm each time on the back side of
tobacco leaves. Additionally, entropy weight coefficient value of P1 and P4 were similar, but
the mechanism was different, P1 tended to obtain a lower cost, and P4 tended to obtain a higher
yield and IWUE.
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3.3. Conclusions

Treatment P4 (spraying 1‰ EM-Ca amount 2 ml with 30 g MP3005 per plant once in 3 days
during tobacco root extending stage) obtained the highest flue-cured tobacco yield of 2473.5
kg/hm2, followed by P6, and yield of P2 was lowest, recording as only 2097.0 kg/hm2. The
irrigation water use efficiency of P4 was highest, reaching 0.618 kg/m3. Exogenous Ca supply
significantly increased the Ca content in tobacco leaves. The evaluation results of entropy
weight coefficient evaluation model showed that P4 was the best management scheme, that
was to say, 30 g/plant MP3005 water-retaining agent combined with EM-calcium spray (1‰
Ca2+) during the root-extending stage of flue-cured tobaccos was the optimal management
scheme, and the interval of spraying time was 3 days with 2ml each time on the back side of
tobacco leaves.

4. General conclusions

The research results showed that Active EM-Calcium could promote crop growth, improve
the yield and disease resistance of crops. Main conclusions could be drawn as below:

1. The application of Active EM-Calcium increased the Ca accumulation in upper leaf, lower
leaf, root and stem to maximum rates of 28.09%, 23.50%, 29.15%, 33.34% compared to no-
calcium treatment. The BER incidence of Active EM-Calcium treatments was lower than that
of CK. The BER incidence had significantly negative correlation with total tomato yield
(r=-0.736) and marketable tomato yield (with no BER) (r=-0.862).
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3.3. Conclusions

Treatment P4 (spraying 1‰ EM-Ca amount 2 ml with 30 g MP3005 per plant once in 3 days
during tobacco root extending stage) obtained the highest flue-cured tobacco yield of 2473.5
kg/hm2, followed by P6, and yield of P2 was lowest, recording as only 2097.0 kg/hm2. The
irrigation water use efficiency of P4 was highest, reaching 0.618 kg/m3. Exogenous Ca supply
significantly increased the Ca content in tobacco leaves. The evaluation results of entropy
weight coefficient evaluation model showed that P4 was the best management scheme, that
was to say, 30 g/plant MP3005 water-retaining agent combined with EM-calcium spray (1‰
Ca2+) during the root-extending stage of flue-cured tobaccos was the optimal management
scheme, and the interval of spraying time was 3 days with 2ml each time on the back side of
tobacco leaves.

4. General conclusions

The research results showed that Active EM-Calcium could promote crop growth, improve
the yield and disease resistance of crops. Main conclusions could be drawn as below:

1. The application of Active EM-Calcium increased the Ca accumulation in upper leaf, lower
leaf, root and stem to maximum rates of 28.09%, 23.50%, 29.15%, 33.34% compared to no-
calcium treatment. The BER incidence of Active EM-Calcium treatments was lower than that
of CK. The BER incidence had significantly negative correlation with total tomato yield
(r=-0.736) and marketable tomato yield (with no BER) (r=-0.862).
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2. Exogenous Ca supply significantly increased the Ca content in tobacco leaves. Treatment P4
(spraying 1‰ EM-Ca amount 2 ml with 30 g MP3005 per plant once in 3 days during tobacco
root extending stage) obtained the highest flue-cured tobacco yield of 2473.5 kg/hm2, and the
highest irrigation water use efficiency with 0.618 kg/m3.
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2. Exogenous Ca supply significantly increased the Ca content in tobacco leaves. Treatment P4
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highest irrigation water use efficiency with 0.618 kg/m3.
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1. Introduction

Nowadays, an interest in organic farming is increasing in many countries [1]. In this specific
farming system use of synthetic fertilizers and chemical plant protection measures is forbid‐
den. The limitation of pests, diseases and weeds is provided by agricultural practices which
create a beneficial condition of canopy and soil, such as crop rotation, fine and careful tillage,
organic fertilization, date and density of sowing as well as mechanical, biological and physical
methods of plant protection. An appropriate variety choice is a crucial component of agricul‐
tural practices. Selection of cereal varieties suited to organic agriculture requires a different
approach to that used in the conventional high input system [2-4].

Organic farming gives a reference to varieties of cereals which are characterized by winter
hardiness, high competitive ability against weeds (growth rate, length of stem, tillering rate,
surface and angle of leaf attachment), tolerance to fungal diseases, ability to uptake of nutrients
as well as resistance to nutrients deficiency stress [5-14]. Moreover the ability of symbiosis with
mycorrhizal fungi can be important as it supports uptake of water and mineral nutrients from
the soil and improves wholesomeness of plants [4]. Preliminary research indicates organic
farming system has low influence on physical and chemical characteristics of grain, with the
exception of the total protein content [15].

Some authors suggest that old varieties of cereals were characterized by greater competitive‐
ness against weeds because of longer stems, more prolific tillering and larger leaf area, which
increase shading and decrease weed infestation [2, 16, 17]. In breeding process, the stem has
become shorter and other features connected with high yields were promoted, according to
chemical plant protection [18]. Because of the lower competitiveness of modern varieties

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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against weeds, there can be a problem with selection the varieties to organic and other less
intensive crop production systems.

Christensen's study [7] showed no significant correlation between yield and competitive
ability of cereal varieties against weeds, which means that both of these features should be
considered by breeders in selecting varieties for organic farming system. Promising might be
the selection for genotypes with high early nitrogen uptake efficiency amongst those already
recognised as having good coverage and shading ability [4].

The aim of the research was to compare the yields of several winter and spring wheat varieties
cultivated in organic and conventional crop production systems to identify the causes of yield
differentiation in these systems.

2. Material and methods

The study was conducted in 2008-2010 at the Experimental Station of Institute of Soil Science
and Plant Cultivation – State Research Institute in Puławy, Poland (N:51°28’, E:22°04) in an
experiment, in which different crop production systems have been compared since 1994. The
experiment was located on a Luvisol, a loamy sand and on a sandy loam. The characteristics
of agricultural practices used in each system were presented in Table 1.

The area of each crop rotation field was 1 ha. Within the field of winter and spring wheat, the
experiment with different varieties was established in completely randomized blocks. Five
modern varieties of common wheat (Triticum aestivum ssp. vulgare): Kobra Plus, Bogatka,
Smuga, Tonacja, Ostka Strzelecka and old variety of spelt wheat (Triticum aestivum ssp. spelta)-
Schwabenkorn were cultivated. Nine spring wheat varieties: Bombona, Vinjett, Parabola,
Tybalt, Nawra, Raweta, Bryza, Żura, Zadra were tested in organic system. In conventional
system 4 varieties of winter wheat: Kobra Plus, Bogatka, Rywalka, Legenda and 4 varieties of
spring wheat: Bombona, Parabola, Tybalt and Vinjett were cultivated. The varieties of common
wheat were sown at a rate of 220 kg grains · ha-1, spelt wheat - 200 kg of spikelets· ha-1, spring
wheat – 190 kg grains · ha-1. In conventional system spring wheat was cultivated in pure stand
whereas in organic system it was sown with undersown crop (common clover – 10 kg
ha-1+Dutch clover 3 kg ha-1+meadow fescue 10 kg ha-1+perennial ryegrass 10 kg ha-1). According
to organic agriculture rules, mineral nitrogen fertilizers and chemicals were not used. In winter
wheat canopy weeds were controlled in mechanical way, using a weeder, two or three times
in spring, at tillering stage, whereas in spring wheat mechanical weed control was not applied
due to undersown plants. In conventional farming system chemical plant protection was
applied (Table 1).

High differences in weather conditions were observed during the research period (Table 2).
The growing season of 2007/2008 was characterized by favourable weather conditions for
growth and development of winter wheat and spring wheat. Precipitation slightly higher than
average was well distributed. Suitable thermic and moisture conditions reflected in the
development of dense wheat canopies of large ability to compete with weeds. The spring of
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2009 was delayed, which limited the effectiveness of harrowing. Threefold harrowing of winter
wheat caused damage to plants. Late spring, lack of precipitation and night frosts until mid-
May disturbed the phases of tillering, stem elongation and earing. As a result, the density of
wheat canopies was low, which created favorable conditions for weeds. The weather condi‐
tions in the autumn of 2009 were suitable for growth and development of winter wheat. Snow
mould and frost till the end of April of 2010 had adverse effects on development of winter
wheat. Sparse wheat canopies competed worse with weeds. Growing season was characterized
by an unfavorable distribution of temperature and precipitation: dry April and heavy rains in
May (110 mm). High temperature and drought in June and July negatively affected yields of
spring wheat (Table 2).

Grain yield and components of its structure were estimated in 25m2 plots in 8 replications.
Stem and leaves were scored for infestation rate with fungal pathogens at mik-dough stage
(BBCH 77-83). Forty individuals in 4 replications for each variety were taken for plant
pathology analysis purposes. Percentage of the disease-damaged leaf blade surface was
determined in accordance with the recommendations of the EPPO [19]. A 4-step infestation
scale was used to calculate the stem base infection index.

The number of weeds and their dry matter were assessed at dough stage of wheat (BBCH
85-87), on an area of 0.5 m2, in four replications for each variety. Moreover, the biometric

Farming system

Organic Conventional

Crop rotation potato

spring wheat ± undersown crop

clover and grasses (1 year)

clover and grasses (2 year)

winter wheat ± catch crop

winter rape

winter wheat

spring wheat

Seed dressing - +

Organic

fertilization

compost (30 t·ha-1) under potatoe + catch crop winter rape straw,

winter wheat straw

Mineral

fertilization

(kg·ha-1)

based on soil testing, allowed P and K fertilizers in

form of natural rock were used: 150 kg of

potassium sulphate (75 kg K2O), phosphate rock

powder 150 kg (42 kg P2O5)

winter wheat: NPK (140+60+80)

spring wheat: NPK (70+60+45)

Fungicide - winter wheat: 2 – 3 x

spring wheat: 1 x

Growth regulators - winter wheat: 2 x

spring wheat: 1 x

Weed control winter wheat: harrowing 2-3 x

spring wheat: none (undersown clovers + grasess)

winter wheat: herbicide 2-3 x

spring wheat: harrowing 1x + herbicide 1x

Table 1. Major elements of the agricultural practices of winter wheat and spring wheat cultivated in organic and
conventional farming systems
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against weeds, there can be a problem with selection the varieties to organic and other less
intensive crop production systems.
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analysis of wheat plants and plant canopy, such as plant height, overall tillering, number of
plants and dry matter of wheat per unit area (1 m) were done.

Total protein of grain was determined based on the content of nitrogen measured by Kjeldahl
Nitrogen Determination Method x 5.83.

The results were analysed statistically. Analysis of variation for the completely randomized
model was applied and the significance of differences between means was verified by Tukey
test at α=0.05. Pearsons’ correlations between grain yield of winter and spring wheat varieties
in organic system and yield limiting factors as well as morphological features and canopy
parameters were performed. Cluster analysis using Furthest Neighbour method was done in
order to divide varieties into groups with similar characteristics. Calculations were performed
using Statgraphic Plus version 2.1.

3. Results and discussion

3.1. Estimation of winter wheat varieties suitability for cultivation in organic farming

Yields of winter wheat cultivated in organic farming system were strongly differentiated in
years. An average for all varieties reached from 2.1 t ha-1 in 2010 (unfavorable weather
conditions) to 5.4 t ha-1 in 2008 (good weather conditions) (Table 3, 4).

No clear information about yields of winter wheat varieties cultivated in organic farming was
achieved. Among the varieties that are in the Registry, Smuga gave the highest yields. That
variety yielded so high in the growing season of 2009/2010 thanks to its good winter survival

Months Temperature (°C) Precipitation (mm)

2007/2008 2008/2009 2009/2010 1951-2006 2007/2008 2008/2009 2009/2010 1951-2006

IX 13.1 12.5 14.8 13.2 86 61 22 49

X 7.8 9.9 6.8 8.2 7 42 77 44

XI 1.4 5.1 5.3 2.7 36 20 42 39

XII -0.7 1.3 -1.7 -1.4 6 35 42 37

I 1.0 -2.6 -8.3 -3.4 46 23 22 31

II 2.9 -0.7 -1.7 -2.4 11 29 29 29

III 3.9 2.2 3.0 1.7 39 61 13 30

IV 9.5 11.0 9.3 7.9 43 2 17 40

V 13.5 13.7 14.3 13.5 83 63 110 57

VI 18.2 16.6 18.3 16.8 42 96 48 70

VII 18.8 20.1 22.1 18.5 94 69 43 85

VIII 18.6 18.4 20.3 17.3 72 98 119 75

Table 2. Mean daily temperature of air (°C) and monthly sum of precipitation (mm) in Osiny in 2007-2010 compared
to the longtime average (1951-2006)
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and high plant density (table 4). Varieties that yielded the lowest were: Ostka Strzelecka and
spelt Schwabenkorn – 3.2 t ha-1 (Table 3).

Grain yield in conventional farming system was, on average of 4 varieties, 45% higher than in
organic farming system (Table 3, 5). The difference between those two farming systems was:
30% in 2008, 49% in 2009 and 61% in disaster-year 2010. Yield differences between organic and
conventional farming systems were 37% for a cv. Kobra and 45% for a cv. Bogatka. Research
conducted in 2005-2007 on varieties: Roma, Kobra, Zyta, Sukces revealed that average yield
differences between organic and conventional farming system were 19%. The old varieties of
common wheat: Ostka Kazimierska, Kujawianka Więcławicka, Wysokolitewka Sztywnosłoma
were not very useful for cultivation in organic system because of low grain yield [20]. Number
of ears per 1 m2 in organic system was lower than in conventional one, despite the same sowing
rate, by 14% in 2008 to 47% in 2010, due to lower density of wheat in organic farming system
after the severe winter. Also, the differences between grain weight between two farming
system were observed (15% for Kobra and Bogatka cultivars on average) (table 3, 5).

Cultivar
The yield of grain (t·ha-1) Number of ears (pcs·m-2) 1000 grains weight (g)

2008 2009 2010 mean 2008 2009 2010 mean 2008 2009 2010 mean

Kobra Plus 6.18 2.92 2.39 3.83 569 323 268 387 46.8 32.0 38.0 38.9

Bogatka 6.21 2.33 2.36 3.63 479 278 242 333 50.9 38.9 44.3 44.7

Smuga 5.82 3.91 3.04 4.26 576 392 320 429 47.2 36.4 38.6 40.7

Tonacja 5.56 3.53 1.80 3.63 488 444 151 361 40.1 37.2 39.6 38.9

Ostka Strzelecka 4.94 3.48 1.09 3.17 457 423 165 348 38.0 33.1 34.0 35.0

Spelt* 3.80 3.96 1.94 3.23 562 444 251 419 76.1 76.6 76.0 76.2

Mean 5.42 3.36 2.10 3.63 522 384 233 380
without spelt

44.6 35.5 38.9 39.6

HSD (α=0.05) 0.33 0.28 0.31 51 51 66 2.1 2.9 2.0

* glume grains and the 1000 spikelets weights

Table 3. The grain yield of winter wheat and the elements of yield in organic system

cultivar % loss of plants during the winter

Kobra Plus 33

Bogatka 41

Smuga 17

Tonacja 45

Ostka Strzelecka 30

Spelt 35

Table 4. Survival of winter wheat varieties during winter 2009/2010 in organic system
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No clear information about yields of winter wheat varieties cultivated in organic farming was
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and high plant density (table 4). Varieties that yielded the lowest were: Ostka Strzelecka and
spelt Schwabenkorn – 3.2 t ha-1 (Table 3).

Grain yield in conventional farming system was, on average of 4 varieties, 45% higher than in
organic farming system (Table 3, 5). The difference between those two farming systems was:
30% in 2008, 49% in 2009 and 61% in disaster-year 2010. Yield differences between organic and
conventional farming systems were 37% for a cv. Kobra and 45% for a cv. Bogatka. Research
conducted in 2005-2007 on varieties: Roma, Kobra, Zyta, Sukces revealed that average yield
differences between organic and conventional farming system were 19%. The old varieties of
common wheat: Ostka Kazimierska, Kujawianka Więcławicka, Wysokolitewka Sztywnosłoma
were not very useful for cultivation in organic system because of low grain yield [20]. Number
of ears per 1 m2 in organic system was lower than in conventional one, despite the same sowing
rate, by 14% in 2008 to 47% in 2010, due to lower density of wheat in organic farming system
after the severe winter. Also, the differences between grain weight between two farming
system were observed (15% for Kobra and Bogatka cultivars on average) (table 3, 5).
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Ostka Strzelecka 4.94 3.48 1.09 3.17 457 423 165 348 38.0 33.1 34.0 35.0

Spelt* 3.80 3.96 1.94 3.23 562 444 251 419 76.1 76.6 76.0 76.2

Mean 5.42 3.36 2.10 3.63 522 384 233 380
without spelt

44.6 35.5 38.9 39.6

HSD (α=0.05) 0.33 0.28 0.31 51 51 66 2.1 2.9 2.0

* glume grains and the 1000 spikelets weights
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Cultivar
The yield of grain (t·ha-1) Number of ears (pcs·m-2) 1000 grains weight (g)

2008 2009 2010 mean 2008 2009 2010 mean 2008 2009 2010 mean

Kobra Plus 7.41 6.47 4.45 6.11 663 483 501 549 49.6 44.6 43.5 45.9

Bogatka 7.82 6.73 5.36 6.63 539 447 419 468 56.6 50.1 51.5 52.7

Rywalka 8.18 6.41 6.11 6.90 614 458 409 494 54.1 44.7 48.7 49.1

Legenda 7.73 6.81 5.65 6.73 607 457 432 499 50.7 42.2 49.3 47.4

Mean 7.78 6.60 5.39 6.59 606 461 440 502 52.9 45.4 48.3 48.8

HSD (α=0.05) 0.51 ns* 0.31 63 ns 36 1.2 0.9 1.3

* ns – non significant differences

Table 5. The grain yield of winter wheat grain and the elements of yield in conventional system

According to Seufert et al. [21], crop yields in organic farming are from 5 to 34% lower than
those in conventional farming. Those differences depend on plant species, soil type, fertiliza‐
tion, agriculture level and economic development of the country. Tyburski and Rychcik’s [22]
study showed that winter wheat yield can reach 4.27 t ha-1 in an organic farm and 5.63 t ha-1

in a conventional one. According to the authors correct crop management in some of organic
farms can result in crop yields to be almost as high as in conventional farms.

Weed infestation is one of the most strongly limiting factors to cereals yields in organic farming
system. Weed communities differed in years and between tested varieties. The lowest level of
weed infestation was observed in 2008 (19-46 g m-2), whereas the biggest dry matter of weeds
was noted in 2010 (170-345 g m-2) (Table 6), the latter being connected with sparse canopies
after winter (Table 4). Percentage loss of plants during the winter was the highest in Bogatka
and Tonacja and the lowest in Smuga (Table 4). The comparison of common wheat and spelt
wheat varieties showed the highest abundance of weeds in Tonacja, Kobra Plus and Bogatka
(Table 6). Dry matter of weeds was the largest in Bogatka and Kobra Plus canopies. The lowest
number of weeds at dough stage was recorded in Ostka Strzelecka and spelt Schwabenkon
and the lowest dry matter of weeds in Smuga. In canopies of all varieties a few dicotyledonous
species dominated: Viola arvensis, Stellaria media, Papaver rhoeas, Polygonum convolvulus,
Chenopodium album. Monocotyledonous species were represented mainly by Apera spica-venti.

Weed infestation of winter wheat cultivated in conventional system was low (3.0 plants m-2,
2.1 g m-2 on average) and did not differ significantly between varieties and years due to the
intensive chemical weed control using herbicides (Table 1, 7). That level of weed abundance
did not affect yields of winter wheat.

Varieties of common wheat and spelt wheat differed for some morphological features and for
canopy structure. Among tested cultivars spelt Schwabenkorn was significantly the tallest (122
cm on average at dough stage) (Figure 1). Differences in height between spelt and common
wheat varieties increased with advancing plant age, which influenced the competitive ability
against weeds and was reflected in dry matter of weeds (Table 6). The lowest variety in the
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first stages of growth was Tonacja, while at dough stage Kobra Plus characterized with
significantly the smallest stem length (85 cm on average) (Figure 1). In both of these varieties
high level of infestation was indicated (Table 6). Among the varieties of common wheat Smuga
was the highest in all phases of development and it was the most competitive against weeds.

Cultivar (A)

Number of weeds (plants·m-2) Dry matter of weeds (g·m-2)

Years (B) Years (B)

2008 2009 2010 mean 2008 2009 2010 mean

Kobra Plus 45.0 147.5 117.5 103.3 42.8 188.3 225.7 152.3

Bogatka 57.0 87.5 114.0 86.2 45.6 184.2 344.5 191.4

Smuga 61.0 79.5 101.0 80.5 29.7 104.8 169.3 101.3

Tonacja 43.0 156.5 132.5 110.7 18.3 84.2 293.5 132.0

Ostka Strzelecka 64.5 73.0 81.0 72.8 42.3 91.0 291.1 141.5

Spelt 67.0 91.0 68.5 75.5 30.0 114.9 224.0 123.0

Mean 56.3 105.8 102.4 88.2 34.8 127.9 258.0 140.2

HSD (α=0.05) for: A - 34.9, B - 20.1, interaction AB - 57.8 A - 63.9, B - 36.9, interaction AB - 106.1

Table 6. Number and dry mater of weeds in winter wheat cultivated in organic system as determined at dough stage

Cultivar (A)

Number of weeds (plants·m-2) Weeds dry matter (g·m-2)

Years (B) Years (B)

2008 2009 2010 mean 2008 2009 2010 mean

Kobra Plus 3.0 5.0 1.0 3.0 1.2 3.8 0.8 1.9

Bogatka 2.5 4.5 0 2.3 3.9 1.2 0 1.7

Rywalka 4.5 4.0 6.0 4.8 10.0 2.1 0.6 4.2

Legenda 1.0 3.5 1.0 1.8 0.4 0.6 0.1 0.4

Mean 2.8 4.3 2.0 3.0 3.9 1.9 0.4 2.1

HSD (α=0.05) for: A - ns*, B - ns, interaction AB - ns A – ns, B - ns, interaction AB - ns

* ns – non significant differences

Table 7. Number and dry mater of weeds in winter wheat cultivated in conventional system as determined at dough
stage
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weed infestation was observed in 2008 (19-46 g m-2), whereas the biggest dry matter of weeds
was noted in 2010 (170-345 g m-2) (Table 6), the latter being connected with sparse canopies
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and Tonacja and the lowest in Smuga (Table 4). The comparison of common wheat and spelt
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(Table 6). Dry matter of weeds was the largest in Bogatka and Kobra Plus canopies. The lowest
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and the lowest dry matter of weeds in Smuga. In canopies of all varieties a few dicotyledonous
species dominated: Viola arvensis, Stellaria media, Papaver rhoeas, Polygonum convolvulus,
Chenopodium album. Monocotyledonous species were represented mainly by Apera spica-venti.

Weed infestation of winter wheat cultivated in conventional system was low (3.0 plants m-2,
2.1 g m-2 on average) and did not differ significantly between varieties and years due to the
intensive chemical weed control using herbicides (Table 1, 7). That level of weed abundance
did not affect yields of winter wheat.

Varieties of common wheat and spelt wheat differed for some morphological features and for
canopy structure. Among tested cultivars spelt Schwabenkorn was significantly the tallest (122
cm on average at dough stage) (Figure 1). Differences in height between spelt and common
wheat varieties increased with advancing plant age, which influenced the competitive ability
against weeds and was reflected in dry matter of weeds (Table 6). The lowest variety in the
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first stages of growth was Tonacja, while at dough stage Kobra Plus characterized with
significantly the smallest stem length (85 cm on average) (Figure 1). In both of these varieties
high level of infestation was indicated (Table 6). Among the varieties of common wheat Smuga
was the highest in all phases of development and it was the most competitive against weeds.
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* data marked with the same letters do not differ significantly at α=0.05

Figure 1. Height of winter wheat varieties cultivated in organic system (mean from 2008-2010)

Spelt Schwabenkorn was characterized by significantly the most profuse overall tillering

(Figure 2). There were no differences in tillering of modern varieties of winter wheat.

* data marked with the same letters do not differ significantly at α=0.05

Figure 2. Tillering of winter wheat varieties cultivated in organic system (mean from 2008-2010)
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The highest density of plants was noted in a Smuga throughout the growing season and the
lowest in spelt Schwabenkorn (Table 8). Plant density was the highest in the best weather
conditions of 2008 and lowest in 2010, which was caused by poor winter survival of wheat
(table 1, 4, 8). In 2010 weed infestation was determined more by plant density than by mor‐
phological features of varieties. The largest biomass was produced by Smuga (Table 8) which
could be the reason for its big competitiveness against weeds (Table 6). Bogatka and Kobra
Plus canopies were characterized by the lowest biomass.

Cultivar (A)

Density of wheat plants (plants·m-2) Dry matter of wheat (g·m-2)

Years (B) Years (B)

2008 2009 2010 mean 2008 2009 2010 mean

Kobra Plus 271 214 116 200 684 713 657 685

Bogatka 238 223 102 188 738 610 651 666

Smuga 291 242 156 230 817 860 848 842

Tonacja 246 219 115 193 715 809 590 705

Ostka Strzelecka 253 239 122 205 707 893 536 712

Spelt 234 192 123 183 746 976 680 801

Mean 256 222 122 200 735 810 660 735

HSD (α=0.05) for: A – 42.1, B – 24.2, interaction AB – ns* A – 137.6, B – 79.2, interaction AB – 228.0

* ns – non significant differences

Table 8. Selected features of canopy of winter wheat varieties cultivated in organic system

Competitiveness against weeds is one of the criteria of variety selection for the organic farming
system [7, 13]. The varieties with a rapid growth rate at the initial growth stages, the biggest
height, tillering, the most horizontal (planophile) set of leaves to the soil surface, combined
with a low susceptibility to the disease, which prolongs the duration of the foliage, have the
highest competitive abilities [2, 8]. These features affects the ability of shading the soil surface,
and thus photosynthetically active radiation penetrates into the canopy, which directly
influences the growth of weeds. Some authors suggest that the height of the plants is the main
reason for the differences in competitiveness against weeds [17, 23, 24], but others believe that
this factor has a marginal significance [25, 26]. Recent research on wheat and barley varieties
showed that the differences between plant density influence the competitive ability more than
do plant height and light penetration in the canopy [27]. Furthermore, some authors suggest
that differences between varieties arise from their different allelopathic properties [10, 16].
Moreover, weed infestation suppressing ability of varieties vary because of their combined
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* data marked with the same letters do not differ significantly at α=0.05

Figure 1. Height of winter wheat varieties cultivated in organic system (mean from 2008-2010)

Spelt Schwabenkorn was characterized by significantly the most profuse overall tillering

(Figure 2). There were no differences in tillering of modern varieties of winter wheat.

* data marked with the same letters do not differ significantly at α=0.05

Figure 2. Tillering of winter wheat varieties cultivated in organic system (mean from 2008-2010)
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The highest density of plants was noted in a Smuga throughout the growing season and the
lowest in spelt Schwabenkorn (Table 8). Plant density was the highest in the best weather
conditions of 2008 and lowest in 2010, which was caused by poor winter survival of wheat
(table 1, 4, 8). In 2010 weed infestation was determined more by plant density than by mor‐
phological features of varieties. The largest biomass was produced by Smuga (Table 8) which
could be the reason for its big competitiveness against weeds (Table 6). Bogatka and Kobra
Plus canopies were characterized by the lowest biomass.

Cultivar (A)

Density of wheat plants (plants·m-2) Dry matter of wheat (g·m-2)

Years (B) Years (B)

2008 2009 2010 mean 2008 2009 2010 mean

Kobra Plus 271 214 116 200 684 713 657 685

Bogatka 238 223 102 188 738 610 651 666

Smuga 291 242 156 230 817 860 848 842

Tonacja 246 219 115 193 715 809 590 705

Ostka Strzelecka 253 239 122 205 707 893 536 712

Spelt 234 192 123 183 746 976 680 801

Mean 256 222 122 200 735 810 660 735

HSD (α=0.05) for: A – 42.1, B – 24.2, interaction AB – ns* A – 137.6, B – 79.2, interaction AB – 228.0

* ns – non significant differences

Table 8. Selected features of canopy of winter wheat varieties cultivated in organic system

Competitiveness against weeds is one of the criteria of variety selection for the organic farming
system [7, 13]. The varieties with a rapid growth rate at the initial growth stages, the biggest
height, tillering, the most horizontal (planophile) set of leaves to the soil surface, combined
with a low susceptibility to the disease, which prolongs the duration of the foliage, have the
highest competitive abilities [2, 8]. These features affects the ability of shading the soil surface,
and thus photosynthetically active radiation penetrates into the canopy, which directly
influences the growth of weeds. Some authors suggest that the height of the plants is the main
reason for the differences in competitiveness against weeds [17, 23, 24], but others believe that
this factor has a marginal significance [25, 26]. Recent research on wheat and barley varieties
showed that the differences between plant density influence the competitive ability more than
do plant height and light penetration in the canopy [27]. Furthermore, some authors suggest
that differences between varieties arise from their different allelopathic properties [10, 16].
Moreover, weed infestation suppressing ability of varieties vary because of their combined
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allelopathic and competitive abilities [28]. Those authors indicates that both the allelopathic
potential and the competitiveness connected with morphological characteristics of variety are
quantitative factors of complex inheritance which are also dependent on environmental
conditions.

The relationship between weed infestation and grain yield of winter wheat varieties was
analyzed (Figure 3-5). In 2008 the dry matter of weeds was low, less than 50 g m-2 and it probably
had no significant effect on grain yield of wheat cultivars. Due to favorable weather condi‐
tions of that year grain yields were high, from 3.8 t ha-1 of hulled grain of spelt to 6.2 t ha-1 in
Bogatka and Kobra Plus. At low weed pressure, Kobra Plus and Bogatka gave the highest yield,
but when the weed infestation was high, 180 g m-2 and more, as in 2009 and 2010, the grain yield
was low (Figure 4-5). At the weed infestation of 100-110 g m-2 spelt Schwabenkorn and Smuga
gave high yields, about 4 t ha-1 (Figure 4). In 2010, due to poor winter survival of varieties and
unsuitable weather conditions, the yields of all varieties were low (Figure 5). Analysis showed
that with the increase in dry weight of weeds grain yields decreased. The highest grain yields
and the lowest infestation was found in Smuga, whereas Ostka Strzelecka and Tonacja were
the lowest yielding variety with the highest weed weight (280-290 g m-2) (Figure 5).
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Figure 3. The dependence between weed dry matter and grain yield of winter wheat varieties cultivated in organic system at dough stage in 2008 
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Figure 3. The dependence between weed dry matter and grain yield of winter wheat varieties cultivated in organic
system at dough stage in 2008

The infection by pathogens can be as well as weed infestation the yield limiting factors in
organic farming [6]. The similar effect can be produced by restricted nitrogen supply of plants
[12]. The results showed that stem base disease incidence was relatively low in winter wheat
varieties (approximately 10%) (Table 9). Comparison of sanitary conditions of winter wheat
growth under conventional vs. organic system indicate that crop rotation applied in organic
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farming system effectively limited stem base disease development. Incidence of stem base

disease observed at milk-dough stage of winter wheat was twice lower in organic than in
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Figure 5. The dependence between weed dry matter and grain yield of winter wheat varieties cultivated in organic system at dough stage in 2010 
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allelopathic and competitive abilities [28]. Those authors indicates that both the allelopathic
potential and the competitiveness connected with morphological characteristics of variety are
quantitative factors of complex inheritance which are also dependent on environmental
conditions.

The relationship between weed infestation and grain yield of winter wheat varieties was
analyzed (Figure 3-5). In 2008 the dry matter of weeds was low, less than 50 g m-2 and it probably
had no significant effect on grain yield of wheat cultivars. Due to favorable weather condi‐
tions of that year grain yields were high, from 3.8 t ha-1 of hulled grain of spelt to 6.2 t ha-1 in
Bogatka and Kobra Plus. At low weed pressure, Kobra Plus and Bogatka gave the highest yield,
but when the weed infestation was high, 180 g m-2 and more, as in 2009 and 2010, the grain yield
was low (Figure 4-5). At the weed infestation of 100-110 g m-2 spelt Schwabenkorn and Smuga
gave high yields, about 4 t ha-1 (Figure 4). In 2010, due to poor winter survival of varieties and
unsuitable weather conditions, the yields of all varieties were low (Figure 5). Analysis showed
that with the increase in dry weight of weeds grain yields decreased. The highest grain yields
and the lowest infestation was found in Smuga, whereas Ostka Strzelecka and Tonacja were
the lowest yielding variety with the highest weed weight (280-290 g m-2) (Figure 5).
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The infection by pathogens can be as well as weed infestation the yield limiting factors in
organic farming [6]. The similar effect can be produced by restricted nitrogen supply of plants
[12]. The results showed that stem base disease incidence was relatively low in winter wheat
varieties (approximately 10%) (Table 9). Comparison of sanitary conditions of winter wheat
growth under conventional vs. organic system indicate that crop rotation applied in organic

Organic Agriculture Towards Sustainability206

farming system effectively limited stem base disease development. Incidence of stem base

disease observed at milk-dough stage of winter wheat was twice lower in organic than in
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Figure 5. The dependence between weed dry matter and grain yield of winter wheat varieties cultivated in organic system at dough stage in 2010 
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Table 9. The infestation of stem base and leaves of winter wheat by pathogens in milk-dough stage in organic and conventional farming system 

0

1

2

3

4

5

6

7

0 50 100 150 200 250 300 350

y
i
e
l
d
 
(
t
·
h

a
-
1

)

weed dry matter (g·m
-2

)

Kobra Plus

Bogatka

Smuga 

Tonacja

Ostka Strzelecka

spelt

Figure 5. The dependence between weed dry matter and grain yield of winter wheat varieties cultivated in organic
system at dough stage in 2010

The Suitability of Different Winter and Spring Wheat Varieties for Cultivation in Organic Farming
http://dx.doi.org/10.5772/58351

207



conventional farming system, although in conventional system with simplified crop rotation
fungicides were used. On the other hand, incidence of leaf diseases was approximately four
times higher in organic farming system than in conventional one (Table 9).

The rate of infection by fungal stem base and leaf diseases differed from variety to variety
(Table 9). Cvs. Tonacja and Ostka Strzelecka had the lowest rate of stem base disease infection.
However those varieties (as well as Smuga) had the highest rate of infection by leaf diseases.
A pathogen species infecting the common wheat was also different in years. Puccinia recodita
had the highest rate of infection in 2008, Septoria spp. in 2009 and in year 2010 both those
pathogens infected common wheat. Cvs. Kobra Plus and Bogatka showed the lowest rate of
the leaf disease infestation in organic farming system through the years. However, they were
highly infected by stem base diseases (Table 9). Those varieties also revealed a high rate of
fungal disease infestation in conventional farming system.

Cultivar
Stem base infection index (%) Leaves infection index (%)*

2008 2009 2010 mean 2008 2009 2010 mean

organic system

Kobra Plus 15.1 12.0 10.4 12.5 4.6 15.0 31.2 16.9

Bogatka 25.1 5.1 10.0 13.4 10.8 11.6 29.7 17.4

Smuga 18.7 10.0 5.6 11.4 21.2 39.7 21.4 27.4

Tonacja 15.8 1.1 5.3 7.4 21.9 22.3 31.1 25.1

Ostka Strzelecka 14.2 1.8 6.3 7.4 20.2 30.3 28.8 26.4

spelt 11.1 8.2 8.3 9.2 18.9 27.3 22.7 23.0

mean 16.7 6.4 7.7 10.2 16.3 24.4 27.5 22.7

conventional system

Kobra Plus 42.8 2.6 23.7 23.0 1.6 10.9 18.9 10.4

Bogatka 45.2 3.4 32.2 26.9 0.8 11.1 5.2 5.7

Rywalka 34.4 0.5 18.6 17.8 0.4 5.0 0.5 2.0

Legenda 16.4 3.0 20.2 13.2 0.3 10.1 0.5 3.6

mean 34.7 2.4 23.7 20.3 0.8 9.3 6.3 5.4

*The area (%) of flag and underflag leaf infested by pathogens

Table 9. The infestation of stem base and leaves of winter wheat by pathogens in milk-dough stage in organic and
conventional farming system

Higher leaf infestation by fungal pathogens in organic farming system, as well as nitrogen
deficiency during shaping of grains, negatively influenced nitrogen availability and decreased
total protein content of the grain (Table 10). Varieties listed in the regional allocation of crops
contained an average of 12.6% protein, although protein content in highly fertilized conven‐
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tional farming was on average 2.1% higher. Differences in the total protein content between
varieties were insignificant, both in organic and conventional farming system. Spelt Schwa‐
benkorn was the only exception as it had a clearly higher content of proteins (compared to
modern varieties) (Table 10).

Cultivar
Years of research and farming systems

2008 2009 mean

organic system

Kobra 11.2 13.6 12.4

Bogatka 11.4 13.6 12.5

Smuga 11.4 14.1 12.8

Tonacja 11.7 13.3 12.5

Ostka Strzelecka 11.7 13.9 12.4

Spelt 16.8 16.3 16.6

mean (without spelt) 11.5 13.7 12.6

conventional system

Kobra 13.4 15.7 14.6

Bogatka 12.9 15.9 14.4

Rywalka 13.6 16.2 14.9

Legenda 14.0 15.8 14.9

mean 13.5 15.9 14.7

Table 10. The content of total protein of the grain (%) of selected winter wheat cultivars in organic and conventional
farming system

Analysis of correlation was done to assess the relationships between grain yield of winter
wheat in organic system and factors limiting the yield as well as morphological features and
canopy parameters. This analysis showed strong, negative correlation between grain yield of
winter wheat and weed dry matter at dough stage (r=-0.792) (Table 11). The grain yield was
also significantly influenced by number of weeds and leaf infestation by fungal pathogens.
There was no correlation between stem base diseases and grain yield of winter wheat in organic
system. The tillering and height of common wheat did not have a significant impact on yields,
but there was a strong correlation between grain yield and plant density. Weed infestation was
significantly influenced by density of wheat, dry matter of wheat and its height. There was no
significant correlation between tillering and parameters of weed infestation (Table 11).
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conventional farming system, although in conventional system with simplified crop rotation
fungicides were used. On the other hand, incidence of leaf diseases was approximately four
times higher in organic farming system than in conventional one (Table 9).

The rate of infection by fungal stem base and leaf diseases differed from variety to variety
(Table 9). Cvs. Tonacja and Ostka Strzelecka had the lowest rate of stem base disease infection.
However those varieties (as well as Smuga) had the highest rate of infection by leaf diseases.
A pathogen species infecting the common wheat was also different in years. Puccinia recodita
had the highest rate of infection in 2008, Septoria spp. in 2009 and in year 2010 both those
pathogens infected common wheat. Cvs. Kobra Plus and Bogatka showed the lowest rate of
the leaf disease infestation in organic farming system through the years. However, they were
highly infected by stem base diseases (Table 9). Those varieties also revealed a high rate of
fungal disease infestation in conventional farming system.

Cultivar
Stem base infection index (%) Leaves infection index (%)*

2008 2009 2010 mean 2008 2009 2010 mean

organic system

Kobra Plus 15.1 12.0 10.4 12.5 4.6 15.0 31.2 16.9

Bogatka 25.1 5.1 10.0 13.4 10.8 11.6 29.7 17.4

Smuga 18.7 10.0 5.6 11.4 21.2 39.7 21.4 27.4

Tonacja 15.8 1.1 5.3 7.4 21.9 22.3 31.1 25.1

Ostka Strzelecka 14.2 1.8 6.3 7.4 20.2 30.3 28.8 26.4

spelt 11.1 8.2 8.3 9.2 18.9 27.3 22.7 23.0

mean 16.7 6.4 7.7 10.2 16.3 24.4 27.5 22.7

conventional system

Kobra Plus 42.8 2.6 23.7 23.0 1.6 10.9 18.9 10.4

Bogatka 45.2 3.4 32.2 26.9 0.8 11.1 5.2 5.7

Rywalka 34.4 0.5 18.6 17.8 0.4 5.0 0.5 2.0

Legenda 16.4 3.0 20.2 13.2 0.3 10.1 0.5 3.6

mean 34.7 2.4 23.7 20.3 0.8 9.3 6.3 5.4

*The area (%) of flag and underflag leaf infested by pathogens

Table 9. The infestation of stem base and leaves of winter wheat by pathogens in milk-dough stage in organic and
conventional farming system

Higher leaf infestation by fungal pathogens in organic farming system, as well as nitrogen
deficiency during shaping of grains, negatively influenced nitrogen availability and decreased
total protein content of the grain (Table 10). Varieties listed in the regional allocation of crops
contained an average of 12.6% protein, although protein content in highly fertilized conven‐
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tional farming was on average 2.1% higher. Differences in the total protein content between
varieties were insignificant, both in organic and conventional farming system. Spelt Schwa‐
benkorn was the only exception as it had a clearly higher content of proteins (compared to
modern varieties) (Table 10).

Cultivar
Years of research and farming systems

2008 2009 mean

organic system

Kobra 11.2 13.6 12.4

Bogatka 11.4 13.6 12.5

Smuga 11.4 14.1 12.8

Tonacja 11.7 13.3 12.5

Ostka Strzelecka 11.7 13.9 12.4

Spelt 16.8 16.3 16.6

mean (without spelt) 11.5 13.7 12.6

conventional system

Kobra 13.4 15.7 14.6

Bogatka 12.9 15.9 14.4

Rywalka 13.6 16.2 14.9

Legenda 14.0 15.8 14.9

mean 13.5 15.9 14.7

Table 10. The content of total protein of the grain (%) of selected winter wheat cultivars in organic and conventional
farming system

Analysis of correlation was done to assess the relationships between grain yield of winter
wheat in organic system and factors limiting the yield as well as morphological features and
canopy parameters. This analysis showed strong, negative correlation between grain yield of
winter wheat and weed dry matter at dough stage (r=-0.792) (Table 11). The grain yield was
also significantly influenced by number of weeds and leaf infestation by fungal pathogens.
There was no correlation between stem base diseases and grain yield of winter wheat in organic
system. The tillering and height of common wheat did not have a significant impact on yields,
but there was a strong correlation between grain yield and plant density. Weed infestation was
significantly influenced by density of wheat, dry matter of wheat and its height. There was no
significant correlation between tillering and parameters of weed infestation (Table 11).
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Parameters Grain

yield

Stem base

diseases

Leaves

diseases

Number

of weeds

Dry

matter of

weeds

Tillering Height Density of

wheat

Dry

matter of

wheat

Grain yield x 0.069 -0.477* -0.463* -0.792* -0.205 0.124 0.716* 0.297*

Stem base

diseases

x -0.434 -0.435* -0.412* -0.048 0.272* 0.358* -0.030

Leaves diseases x 0.223 0.369* 0.195 -0.116 -0.368* 0.129

Number of weeds x 0.494 * -0.099 -0.407 * -0.357 * -0.123

Dry matter of

weeds

x 0.103 -0.242 * -0.701 * -0.435 *

Tillering x 0.597* -0.366* 0.167

Height x 0.030 0.188

Density of wheat x 0.359*

Dry matter of

wheat

x

* significant at α=0.05

Table 11. Correlation coefficients (r) between grain yield and factors limited the yield, some morphological features
and canopy parameters for all tested varieties cultivated in organic system at dough stage (N=72)

The cluster analysis based on a grain yield, weed and fungal infestation, some morphological
features and canopy structure at dough stage allowed to divide varieties into 3 groups with
similar characteristics (Table 12).

Cluster Grain yield

(t∙ha-1)

Leaves

infestation

index (%)

Number of

weeds

(pcs∙m-2)

Dry matter

of weeds

(g∙m-2)

Density of

wheat stand

(pcs∙m-2)

Dry matter

of wheat

(g∙m-2)

Varieties

1 3.69 19.8 100.1 158.5 191.6 683.2 Kobra Plus, Bogatka,

Tonacja

2 3.20 24.7 74.2 132.2 193.8 756.5 Spelt Schwabenkorn,

Ostka Strzelecka

3 4.26 27.4 80.5 101.3 229.7 841.3 Smuga

Table 12. The results of cluster analysis based on grain yield, factors limiting the yield, some morphological features
and canopy parameters for tested varieties grown in organic system

The first cluster was characterized by the highest level of weed infestation (number and dry
matter) and the smallest density of wheat plants and dry matter of wheat. This cluster was
represented by 3 varieties: Kobra Plus, Bogatka, Tonacja with the lowest competitive ability
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against weeds, average level of grain yield and low leaf infestation by fungal pathogens (Table
12). The second cluster grouped 2 varieties: spelt Schwabenkorn and Ostka Strzelecka, with
the lowest grain yield, small wheat density, medium level of infestation by weeds and leaf
diseases. Third cluster was represented only by one variety – Smuga, which was characterized
by the highest yields and the highest stand density and biomass. These parameters of Smuga’s
canopy influence its competitiveness against weeds and is reflected in the lowest weed
infestation. If not for its highest leaves infestation index, Smuga would have been recom‐
mended variety for organic system (Table 12).

The most required features of cereal varieties cultivated in organic system are: winter hardi‐
ness, high competitive ability against weeds, tolerance of fungal diseases and ability to take
up and effectively use fertilizers from soil [5-14]. Smuga, due to its winter hardiness, compet‐
itiveness ability against weeds and high yields seems to be suitable for organic farming system.
A little less suitable (considering the same features) are spelt Schwabenkorn and Ostka
Strzelecka. Kobra Plus, Bogatka and Tonacja were the highest yielders in years with good
weather conditions, with optimal plant density and poorer weed pressure. The grain yield of
these varieties was low when there was a high level of weed infestation (180 g m-2 and more),
as in 2009 and 2010. Kobra Plus and Bogatka was also the less leaf fungal-infested varieties in
organic system in the research period 2008-2010.

3.1.1. Summary

1. In organic farming system, among the tested varieties, Smuga gave the highest yields (4.26
t ha-1), while Ostka Strzelecka was the lowest yielder (3.17 t ha-1). Yields of spelt Schwa‐
benkorn were approximately 13% lower than those of modern varieties (glume grain) (3,20
t ha-1). Old varieties of common wheat: Ostka Kazimierska, Kujawianka Więcławicka,
Wysokolitewka Sztywnosłoma were not very useful for cultivation in organic system
because of low grain yield and high infestation of leaves.

2. Yields of winter wheat cultivated in conventional farming system were on average 45%
higher than those produced in organic system. Research conducted in 2005-2007 on
varieties: Roma, Kobra, Zyta, Sukces revealed that average yield differences between
organic and conventional farming system were 19%. Lower yields in organic system,
despite the same sowing rate, were caused by lower number of spikes per m2 (25% on
average) and slightly lower grains weight (15%).

3. Weed communities differed in years and between tested varieties. The lowest level of
weed infestation was observed in 2008 (19-46 g m-2), whereas the biggest dry matter of
weeds was noted in 2010 (170-345 g m-2), which was related to sparse canopies after winter.
The comparison of common wheat and spelt wheat varieties showed the highest level of
weed infestation in Kobra Plus, Bogatka and Tonacja canopies. The lowest number of
weeds at dough stage was shown by Smuga, Ostka Strzelecka and spelt Schwabenkon.
Weed infestation was significantly influenced by wheat plant density, dry matter and
plant height.

4. Stem base diseases has a lower importance in organic farming system than have leaf
diseases. Kobra Plus and Bogatka showed the highest resistance to leaf fungal diseases.
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matter of
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matter of
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x 0.103 -0.242 * -0.701 * -0.435 *

Tillering x 0.597* -0.366* 0.167
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Density of wheat x 0.359*

Dry matter of

wheat

x

* significant at α=0.05

Table 11. Correlation coefficients (r) between grain yield and factors limited the yield, some morphological features
and canopy parameters for all tested varieties cultivated in organic system at dough stage (N=72)

The cluster analysis based on a grain yield, weed and fungal infestation, some morphological
features and canopy structure at dough stage allowed to divide varieties into 3 groups with
similar characteristics (Table 12).
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(t∙ha-1)

Leaves

infestation

index (%)

Number of

weeds

(pcs∙m-2)

Dry matter

of weeds

(g∙m-2)

Density of

wheat stand

(pcs∙m-2)

Dry matter

of wheat

(g∙m-2)

Varieties

1 3.69 19.8 100.1 158.5 191.6 683.2 Kobra Plus, Bogatka,

Tonacja

2 3.20 24.7 74.2 132.2 193.8 756.5 Spelt Schwabenkorn,

Ostka Strzelecka

3 4.26 27.4 80.5 101.3 229.7 841.3 Smuga

Table 12. The results of cluster analysis based on grain yield, factors limiting the yield, some morphological features
and canopy parameters for tested varieties grown in organic system

The first cluster was characterized by the highest level of weed infestation (number and dry
matter) and the smallest density of wheat plants and dry matter of wheat. This cluster was
represented by 3 varieties: Kobra Plus, Bogatka, Tonacja with the lowest competitive ability
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against weeds, average level of grain yield and low leaf infestation by fungal pathogens (Table
12). The second cluster grouped 2 varieties: spelt Schwabenkorn and Ostka Strzelecka, with
the lowest grain yield, small wheat density, medium level of infestation by weeds and leaf
diseases. Third cluster was represented only by one variety – Smuga, which was characterized
by the highest yields and the highest stand density and biomass. These parameters of Smuga’s
canopy influence its competitiveness against weeds and is reflected in the lowest weed
infestation. If not for its highest leaves infestation index, Smuga would have been recom‐
mended variety for organic system (Table 12).

The most required features of cereal varieties cultivated in organic system are: winter hardi‐
ness, high competitive ability against weeds, tolerance of fungal diseases and ability to take
up and effectively use fertilizers from soil [5-14]. Smuga, due to its winter hardiness, compet‐
itiveness ability against weeds and high yields seems to be suitable for organic farming system.
A little less suitable (considering the same features) are spelt Schwabenkorn and Ostka
Strzelecka. Kobra Plus, Bogatka and Tonacja were the highest yielders in years with good
weather conditions, with optimal plant density and poorer weed pressure. The grain yield of
these varieties was low when there was a high level of weed infestation (180 g m-2 and more),
as in 2009 and 2010. Kobra Plus and Bogatka was also the less leaf fungal-infested varieties in
organic system in the research period 2008-2010.

3.1.1. Summary

1. In organic farming system, among the tested varieties, Smuga gave the highest yields (4.26
t ha-1), while Ostka Strzelecka was the lowest yielder (3.17 t ha-1). Yields of spelt Schwa‐
benkorn were approximately 13% lower than those of modern varieties (glume grain) (3,20
t ha-1). Old varieties of common wheat: Ostka Kazimierska, Kujawianka Więcławicka,
Wysokolitewka Sztywnosłoma were not very useful for cultivation in organic system
because of low grain yield and high infestation of leaves.

2. Yields of winter wheat cultivated in conventional farming system were on average 45%
higher than those produced in organic system. Research conducted in 2005-2007 on
varieties: Roma, Kobra, Zyta, Sukces revealed that average yield differences between
organic and conventional farming system were 19%. Lower yields in organic system,
despite the same sowing rate, were caused by lower number of spikes per m2 (25% on
average) and slightly lower grains weight (15%).

3. Weed communities differed in years and between tested varieties. The lowest level of
weed infestation was observed in 2008 (19-46 g m-2), whereas the biggest dry matter of
weeds was noted in 2010 (170-345 g m-2), which was related to sparse canopies after winter.
The comparison of common wheat and spelt wheat varieties showed the highest level of
weed infestation in Kobra Plus, Bogatka and Tonacja canopies. The lowest number of
weeds at dough stage was shown by Smuga, Ostka Strzelecka and spelt Schwabenkon.
Weed infestation was significantly influenced by wheat plant density, dry matter and
plant height.

4. Stem base diseases has a lower importance in organic farming system than have leaf
diseases. Kobra Plus and Bogatka showed the highest resistance to leaf fungal diseases.
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5. Higher infestation rates by leaf diseases and lower nitrogen supply to the crop under the
organic system caused a decrease of total grain protein content compared to that under
conventional system. Spelt Schwabenkorn produced grains with the highest protein
content.

3.2. Estimation of spring wheat varieties suitability for cultivation in organic farming

In organic farms spring wheat is much more popular than winter wheat. The reason for that
is that weed infestation in spring wheat is easier to control than in winter wheat, also fungal
diseases in spring wheat are less common. Moreover, it is sown after late-harvested proceeding
crops (vegetables, potatoes, fodder crops and intercrops). Spring wheat is also a valuable
protective crop for undersown papilionaceous plants and grasses [29].

In organic system the yield of spring wheat, mean for 9 tested varieties, ranged from 4.7 t
ha-1 in 2008, when the weather was favourable for plant growth, to 2.8 and 3.1 t ha-1 in other
years (Table 13). The higher yield of spring wheat in 2008 than in the other two years of the
study could be caused by higher rainfall in autumn and winter. The sum of rainfall for 6 months
of 2007/2008 (X 2007 – III 2008) reached 146 mm, whereas in the subsequent years it reached
approximately 220 mm (Table 2). This could cause leaking of mineral nitrogen into the deeper
layers of soil resulting in an impaired nitrogen supply to plants. The effects of deficiency
became especially manifest in the springtime period of rainfall shortage, when intensity of
biological processes slowed down. Such weather conditions prevailed in 2009 and 2010.

Cvs. Nawra and Bryza had the lowest yields while Tybalt, Żura, Zadra and Vinjett were the
highest yielders (Table 13). Among those varieties Żura showed the most stable yields (3.31 –
4.86 t ha-1), whereas Tybalt’s yields were the most differentiated (6.16 – 2.43 t ha-1). An extremely
high plant density as well as grains weight was the main reason of high wheat yields in 2008.
Likewise the weed infestation in this year was very low (Table 15).

During the 3-year period of research, yields of spring wheat cultivated in organic farm‐
ing system were on average lower by 1.86 t  ha-1  (34%) than those in conventional farm‐
ing  system (Table  13-14).  The  difference  in  yields  from organic  vs  conventional  system
across the years ranged from 30% in 2008 (high yields) to 36% in 2009 (very low yields).
Yield comparison between organic and conventional system showed that Parabola’s yield
was the most influenced by the farming system (38%) while the yields of the other varieties
differed from 32 to 33%.

A lower yields in the organic farming system was caused by lower ear density and inferior
grain weight (Table 13-14). Ear density was lower on average by 16% (from 14-15% in cvs.
Bombona and Vinjett to 20% in cv. Tybalt). Thousand grain weight of wheat cultivated in
organic farming was also lower by 16% than that in conventional farming system. Thousand
grain weight of Tybalt was reduced only by 9% while that of Parabola showed decrease by
22% (when in organic vs. conventional farming system).
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Cultivar
The yield of grain (t·ha-1) Number of ears (pcs·m-2) 1000 grains weight (g)

2008 2009 2010 mean 2008 2009 2010 mean 2008 2009 2010 mean

Bombona 4.29 3.01 3.25 3.52 450 433 402 428 33.3 37.6 30.8 33.9

Bryza 4.13 2.63 2.71 3.16 454 363 357 389 34.0 38.1 32.1 34.7

Nawra 4.36 2.21 2.48 3.02 382 339 301 341 37.8 35.4 35.5 36.2

Parabola 4.31 2.69 3.21 3.40 385 341 277 334 39.3 41.2 40.9 40.5

Raweta 4.65 2.84 3.04 3.51 417 383 378 393 36.9 36.2 34.0 35.7

Tybalt 6.16 2.43 3.60 4.06 380 348 307 345 43.2 34.2 40.6 39.3

Vinjett 4.52 3.01 3.25 3.59 505 426 412 448 33.9 34.9 31.3 33.4

Zadra 4.81 3.05 3.20 3.69 422 392 361 392 32.8 35.6 31.6 33.3

Żura 4.86 3.31 3.40 3.86 385 394 360 380 38.8 43.3 37.7 36.9

mean 4.68 2.80 3.13 3.54 420 380 351 383 36.7 37.4 34.9 36.0

HSD (α=0.05) 0.21 0.24 0.29 0.43 43 61 63 54 1.3 1.7 0.9 1.3

Table 13. The yield of spring wheat and the components of yield in organic system

Cultivar
The yield of grain (t·ha-1) Number of ears (pcs·m-2) 1000 grains weight (g)

2008 2009 2010 mean 2008 2009 2010 mean 2008 2009 2010 mean

Bombona 6.97 4.52 4.37 5.29 504 518 471 498 46.4 37.5 40.5 41.5

Parabola 7.40 4.07 5.06 5.51 370 447 398 405 56.9 48.2 51.1 52.1

Tybalt 7.75 4.37 5.67 5.93 512 430 421 455 48.9 37.3 43.5 43.2

Vinjett 6.71 4.34 4.77 5.27 550 507 513 524 44.4 33.8 37.2 38.5

mean 7.21 4.33 4.97 5.50 484 476 451 470 49.1 39.2 43.1 43.8

HSD (α=0.05) 0.52 0.18 0.53 0.64 64 54 61 37 1.6 1.0 1.9 2.1

Table 14. The yield of spring wheat and the components of yield in conventional system

Weed infestation of spring wheat in organic farming was on average 80 plants m-1 in 2008 and
2010 while in 2009 it was 115 plants m-2 (Table 15). Dry matter of weeds ranged from 7 g m-2

in 2008 (very successful wheat cropping) to 57 g m-2 in 2009 (worse stand density and uni‐
formity due to unfavorable weather conditions). Chenopodium album and Stellaria media were
the most common weed species throughout the years of the study. In 2010, weeds that are hard
to control and more competitive to wheat were common (Cirsium arvense, Anthemis arvensis
and Galium aparine).

The competitiveness against weeds of spring wheat sown with the clovers and grasses was
depended on morphological features of wheat varieties, plant density and biomass of under‐
sown crop. Whether conditions were also a major factor affecting weed infestation as they
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5. Higher infestation rates by leaf diseases and lower nitrogen supply to the crop under the
organic system caused a decrease of total grain protein content compared to that under
conventional system. Spelt Schwabenkorn produced grains with the highest protein
content.

3.2. Estimation of spring wheat varieties suitability for cultivation in organic farming

In organic farms spring wheat is much more popular than winter wheat. The reason for that
is that weed infestation in spring wheat is easier to control than in winter wheat, also fungal
diseases in spring wheat are less common. Moreover, it is sown after late-harvested proceeding
crops (vegetables, potatoes, fodder crops and intercrops). Spring wheat is also a valuable
protective crop for undersown papilionaceous plants and grasses [29].

In organic system the yield of spring wheat, mean for 9 tested varieties, ranged from 4.7 t
ha-1 in 2008, when the weather was favourable for plant growth, to 2.8 and 3.1 t ha-1 in other
years (Table 13). The higher yield of spring wheat in 2008 than in the other two years of the
study could be caused by higher rainfall in autumn and winter. The sum of rainfall for 6 months
of 2007/2008 (X 2007 – III 2008) reached 146 mm, whereas in the subsequent years it reached
approximately 220 mm (Table 2). This could cause leaking of mineral nitrogen into the deeper
layers of soil resulting in an impaired nitrogen supply to plants. The effects of deficiency
became especially manifest in the springtime period of rainfall shortage, when intensity of
biological processes slowed down. Such weather conditions prevailed in 2009 and 2010.

Cvs. Nawra and Bryza had the lowest yields while Tybalt, Żura, Zadra and Vinjett were the
highest yielders (Table 13). Among those varieties Żura showed the most stable yields (3.31 –
4.86 t ha-1), whereas Tybalt’s yields were the most differentiated (6.16 – 2.43 t ha-1). An extremely
high plant density as well as grains weight was the main reason of high wheat yields in 2008.
Likewise the weed infestation in this year was very low (Table 15).

During the 3-year period of research, yields of spring wheat cultivated in organic farm‐
ing system were on average lower by 1.86 t  ha-1  (34%) than those in conventional farm‐
ing  system (Table  13-14).  The  difference  in  yields  from organic  vs  conventional  system
across the years ranged from 30% in 2008 (high yields) to 36% in 2009 (very low yields).
Yield comparison between organic and conventional system showed that Parabola’s yield
was the most influenced by the farming system (38%) while the yields of the other varieties
differed from 32 to 33%.

A lower yields in the organic farming system was caused by lower ear density and inferior
grain weight (Table 13-14). Ear density was lower on average by 16% (from 14-15% in cvs.
Bombona and Vinjett to 20% in cv. Tybalt). Thousand grain weight of wheat cultivated in
organic farming was also lower by 16% than that in conventional farming system. Thousand
grain weight of Tybalt was reduced only by 9% while that of Parabola showed decrease by
22% (when in organic vs. conventional farming system).
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The yield of grain (t·ha-1) Number of ears (pcs·m-2) 1000 grains weight (g)

2008 2009 2010 mean 2008 2009 2010 mean 2008 2009 2010 mean

Bombona 4.29 3.01 3.25 3.52 450 433 402 428 33.3 37.6 30.8 33.9

Bryza 4.13 2.63 2.71 3.16 454 363 357 389 34.0 38.1 32.1 34.7

Nawra 4.36 2.21 2.48 3.02 382 339 301 341 37.8 35.4 35.5 36.2
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Tybalt 6.16 2.43 3.60 4.06 380 348 307 345 43.2 34.2 40.6 39.3

Vinjett 4.52 3.01 3.25 3.59 505 426 412 448 33.9 34.9 31.3 33.4

Zadra 4.81 3.05 3.20 3.69 422 392 361 392 32.8 35.6 31.6 33.3

Żura 4.86 3.31 3.40 3.86 385 394 360 380 38.8 43.3 37.7 36.9
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HSD (α=0.05) 0.21 0.24 0.29 0.43 43 61 63 54 1.3 1.7 0.9 1.3

Table 13. The yield of spring wheat and the components of yield in organic system
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Bombona 6.97 4.52 4.37 5.29 504 518 471 498 46.4 37.5 40.5 41.5

Parabola 7.40 4.07 5.06 5.51 370 447 398 405 56.9 48.2 51.1 52.1

Tybalt 7.75 4.37 5.67 5.93 512 430 421 455 48.9 37.3 43.5 43.2

Vinjett 6.71 4.34 4.77 5.27 550 507 513 524 44.4 33.8 37.2 38.5
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HSD (α=0.05) 0.52 0.18 0.53 0.64 64 54 61 37 1.6 1.0 1.9 2.1

Table 14. The yield of spring wheat and the components of yield in conventional system

Weed infestation of spring wheat in organic farming was on average 80 plants m-1 in 2008 and
2010 while in 2009 it was 115 plants m-2 (Table 15). Dry matter of weeds ranged from 7 g m-2

in 2008 (very successful wheat cropping) to 57 g m-2 in 2009 (worse stand density and uni‐
formity due to unfavorable weather conditions). Chenopodium album and Stellaria media were
the most common weed species throughout the years of the study. In 2010, weeds that are hard
to control and more competitive to wheat were common (Cirsium arvense, Anthemis arvensis
and Galium aparine).

The competitiveness against weeds of spring wheat sown with the clovers and grasses was
depended on morphological features of wheat varieties, plant density and biomass of under‐
sown crop. Whether conditions were also a major factor affecting weed infestation as they
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affected the emergence rate of wheat and clover-grass mixture and its further development.
A dense canopy of the undersown crop in 2008 resulted in a higher competitive abilities of
spring wheat which had suppressed the growth of most weeds. On the other hand, a sparse
stand of wheat in 2009, despite a good development of the undersown crop, resulted in weaker
competitive abilities against weeds. Weed infestation in conventional farming system, where
wheat was cultivated in pure sowing and herbicides were applied, was 4 times lower than in
organic system (Table 15, 16). Also the dry matter of weeds was 3.5 times lower than that in
organic farming. Cv. Vinjett showed statistically the lowest dry matter of weeds, while
Parabola was the most weed-infested variety (table 16).

Cultivar (A)

Number of weeds (plants·m-2) Dry matter of weeds (g·m-2)

Years (B) Years (B)

2008 2009 2010 mean 2008 2009 2010 mean

Bombona 68.5 82.5 80.5 77.2 7.7 36.0 32.3 25.3

Bryza 106.5 142.5 92.5 113.8 7.5 78.1 57.8 47.8

Nawra 66.5 101.5 143.0 103.7 9.6 38.0 31.2 26.3

Parabola 77.5 84.5 79.0 80.3 7.6 79.0 57.8 48.1

Raweta 92.5 102.5 70.0 88.3 7.4 47.2 30.3 28.3

Tybalt 62.5 158.0 95.5 105.3 7.8 75.0 50.2 44.3

Vinjett 103.5 139.5 57.0 100.0 8.3 49.0 35.6 31.0

Zadra 58.5 123.5 85.5 89.2 2.5 61.0 37.3 33.6

Żura 73.0 98.5 77.0 82.8 7.4 50.0 60.0 39.1

mean 78.8 114.8 86.7 93.4 7.3 57.0 43.6 36.0

HSD (α=0.05) for: A - 33.1, B - 14.6, interaction AB - 51.8 A – ns*, B - 14.9, interaction AB - ns

* ns – non significant differences

Table 15. Number and dry mater of weeds in spring wheat cultivated in organic system at dough stage

Cultivar (A)

Number of weeds (plants·m-2) Dry matter of weeds (g·m-2)

Years (B) Years (B)

2008 2009 2010 mean 2008 2009 2010 mean

Bombona 4.0 11.0 29.0 14.7 0.3 4.9 17.5 7.6

Parabola 12.5 35.0 20.5 22.7 2.1 34.9 26.5 21.2

Tybalt 13.0 32.5 47.5 31.0 1.3 4.4 20.9 8.9

Vinjett 8.5 35.5 17.0 20.3 1.1 5.4 7.0 4.5

Mean 9.5 28.5 28.5 22.2 1.2 12.4 18.0 10.5

HSD (α=0.05) for: A – ns*, B – 18.1, interaction AB - ns A – 16.2, B – 15.1, interaction AB - ns

* ns – non significant differences

Table 16. Number and dry mater of weeds in spring wheat cultivated in conventional system at dough stage

Organic Agriculture Towards Sustainability214

The differences in weed dry matter in spring wheat cultivated in organic farming were not
statistically significant (Table 15). The competitive abilities of winter wheat varieties against
weeds differ more than those of spring wheat varieties [2, 3, 30]. Bombona and Raweta were
the tallest varieties and they also showed the lowest rate of weed infestation and dry weight
of weeds (77 and 88 plants m-2, 25 and 28 g m-2 respectively). Cvs. Bombona, Raweta and Vinjett
were also characterized by a big density of plants and number of ears per unit area which could
have resulted in a limited weed growth. Bryza and Tybalt were the most weed infested
varieties (105 and 114 plants m-2, 44 and 48 g m-2 respectively). Cv. Parabola also showed a
high level of weed dry matter (Table 15). Cvs. Parabola, Tybalt and Nawra were characterized
by the lowest number of ears per m2 (Table 13).

Weed infestation is one of factors that can limit the yield of spring wheat. In 2008 the level of
weed infestation was so low (less than 10 g m-2) that it could not have significantly affected the
yields of spring wheat (Figure 6). Cv. Tybalt, which was one of the least prone to stem and leaf
fungal diseases (Table 17, 18), yielded the highest (6.16 t ha-1), whereas the yield of the other
varieties was similar (4.13-4.86 t ha-1). In 2009, lower yields were found in those varieties which
were more weed-infested than others (Tybalt, Bryza, Parabola – approximately 80 g of weed
dry matter per 1 m2) (Figure 7). In 2010, weed dry matter did not exceed 60 g m-2 and there
were no significant differences in yield between varieties which may suggest that this level of
weed infestation did not affect the yields (Figure 8). This is confirmed by the research results
of Kapeluszny [31] in which the decrease of wheat yield occurred when weed infestation
reached 96 plants per m2 (62 g m-2 of dry matter) at dough stage. It is worth noting that cv.
Nawra gave the lowest yields in 2009 and 2010 despite a small weed infestation, indicating
that other factors could have affected the yields of this variety (Figure 7, 8).
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affected the emergence rate of wheat and clover-grass mixture and its further development.
A dense canopy of the undersown crop in 2008 resulted in a higher competitive abilities of
spring wheat which had suppressed the growth of most weeds. On the other hand, a sparse
stand of wheat in 2009, despite a good development of the undersown crop, resulted in weaker
competitive abilities against weeds. Weed infestation in conventional farming system, where
wheat was cultivated in pure sowing and herbicides were applied, was 4 times lower than in
organic system (Table 15, 16). Also the dry matter of weeds was 3.5 times lower than that in
organic farming. Cv. Vinjett showed statistically the lowest dry matter of weeds, while
Parabola was the most weed-infested variety (table 16).

Cultivar (A)

Number of weeds (plants·m-2) Dry matter of weeds (g·m-2)

Years (B) Years (B)

2008 2009 2010 mean 2008 2009 2010 mean

Bombona 68.5 82.5 80.5 77.2 7.7 36.0 32.3 25.3

Bryza 106.5 142.5 92.5 113.8 7.5 78.1 57.8 47.8

Nawra 66.5 101.5 143.0 103.7 9.6 38.0 31.2 26.3

Parabola 77.5 84.5 79.0 80.3 7.6 79.0 57.8 48.1

Raweta 92.5 102.5 70.0 88.3 7.4 47.2 30.3 28.3

Tybalt 62.5 158.0 95.5 105.3 7.8 75.0 50.2 44.3

Vinjett 103.5 139.5 57.0 100.0 8.3 49.0 35.6 31.0

Zadra 58.5 123.5 85.5 89.2 2.5 61.0 37.3 33.6

Żura 73.0 98.5 77.0 82.8 7.4 50.0 60.0 39.1

mean 78.8 114.8 86.7 93.4 7.3 57.0 43.6 36.0

HSD (α=0.05) for: A - 33.1, B - 14.6, interaction AB - 51.8 A – ns*, B - 14.9, interaction AB - ns

* ns – non significant differences

Table 15. Number and dry mater of weeds in spring wheat cultivated in organic system at dough stage

Cultivar (A)

Number of weeds (plants·m-2) Dry matter of weeds (g·m-2)

Years (B) Years (B)

2008 2009 2010 mean 2008 2009 2010 mean

Bombona 4.0 11.0 29.0 14.7 0.3 4.9 17.5 7.6

Parabola 12.5 35.0 20.5 22.7 2.1 34.9 26.5 21.2

Tybalt 13.0 32.5 47.5 31.0 1.3 4.4 20.9 8.9

Vinjett 8.5 35.5 17.0 20.3 1.1 5.4 7.0 4.5

Mean 9.5 28.5 28.5 22.2 1.2 12.4 18.0 10.5

HSD (α=0.05) for: A – ns*, B – 18.1, interaction AB - ns A – 16.2, B – 15.1, interaction AB - ns

* ns – non significant differences

Table 16. Number and dry mater of weeds in spring wheat cultivated in conventional system at dough stage
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The differences in weed dry matter in spring wheat cultivated in organic farming were not
statistically significant (Table 15). The competitive abilities of winter wheat varieties against
weeds differ more than those of spring wheat varieties [2, 3, 30]. Bombona and Raweta were
the tallest varieties and they also showed the lowest rate of weed infestation and dry weight
of weeds (77 and 88 plants m-2, 25 and 28 g m-2 respectively). Cvs. Bombona, Raweta and Vinjett
were also characterized by a big density of plants and number of ears per unit area which could
have resulted in a limited weed growth. Bryza and Tybalt were the most weed infested
varieties (105 and 114 plants m-2, 44 and 48 g m-2 respectively). Cv. Parabola also showed a
high level of weed dry matter (Table 15). Cvs. Parabola, Tybalt and Nawra were characterized
by the lowest number of ears per m2 (Table 13).

Weed infestation is one of factors that can limit the yield of spring wheat. In 2008 the level of
weed infestation was so low (less than 10 g m-2) that it could not have significantly affected the
yields of spring wheat (Figure 6). Cv. Tybalt, which was one of the least prone to stem and leaf
fungal diseases (Table 17, 18), yielded the highest (6.16 t ha-1), whereas the yield of the other
varieties was similar (4.13-4.86 t ha-1). In 2009, lower yields were found in those varieties which
were more weed-infested than others (Tybalt, Bryza, Parabola – approximately 80 g of weed
dry matter per 1 m2) (Figure 7). In 2010, weed dry matter did not exceed 60 g m-2 and there
were no significant differences in yield between varieties which may suggest that this level of
weed infestation did not affect the yields (Figure 8). This is confirmed by the research results
of Kapeluszny [31] in which the decrease of wheat yield occurred when weed infestation
reached 96 plants per m2 (62 g m-2 of dry matter) at dough stage. It is worth noting that cv.
Nawra gave the lowest yields in 2009 and 2010 despite a small weed infestation, indicating
that other factors could have affected the yields of this variety (Figure 7, 8).
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Susceptibility to diseases is one of the factors that should be taken into account when evaluating
the usefulness of cereal varieties in organic farming. The intensity of stem base diseases in
spring wheat was low throughout the research years (Table 17). Fusarium spp. pathogens were
the most common. According to the literature review, diseases caused by Fusarium are not
more often in cereals grown in the organic system than in the conventional one (this also applies
to mycotoxin content) [32, 33]. Cvs. Tybalt, Nawra and Żura were slightly more resistant to
those diseases while Bombona and Parabola were more susceptible.

Cultivar
Infection index (%)

Mean
2008 2009 2010

Bombona 5.7 ab* 8.6 b 24.8 c 13.0 b

Bryza 9.8 b 8.5 b 3.5 ab 7.3 ab

Nawra 7.7 ab 4.7 ab 1.5 a 4.6 a

Parabola 7.7 ab 3.2 ab 23.4 c 11.4 b

Raweta 3.2 a 3.8 ab 13.2 bc 6.7 a

Tybalt 3.8 a 2.4 a 6.7 ab 4.3 a

Vinjett 4.9 ab 4.1 ab 14.7 bc 7.9 ab

Zadra 7.4 ab 8.0 b 9.3 b 8.2 ab

Żura 7.4 ab 4.3 ab 4.0 ab 5.2 a

mean 6.4 5.3 11.2 7.6

* data marked with the same letters do not differ significantly at α=0.05

Table 17. The infestation index (%) of roots and stem base of spring wheat in organic system at milk-dough stage

The damage of flag and underflag leaves by fungal pathogens was different among varieties
and years, but in no case it was significant (Table 18). Cv. Tybalt showed the lowest (almost
none) damage rate to its flag leaves at milk-dough stage, and its underflag leaves were just a
little more damaged in 2009. On the other hand, Cv. Parabola was the most susceptible to
fungal damage. With increasing fungal leaf diseases, the thousand grain weight decreased
(Table 13). Incidence of fungal diseases in conventional farming system, due to the use of
fungicides, was low. The thousand grain weight of conventionally cultivated wheat was higher
by 14 to 31% than that of organic farming for cv. Parabola, and from 7 to 12% for cv. Tybalt.

Spring wheat was infested by different species of pathogens in different years. In 2008, Puccinia
recodita was the most frequent disease. In that year, cvs. Żura and Zadra were also strongly
infected with Erysiphe graminis. In 2009, there was no dominant pathogen species. Vinjett and
Żura were infected with Sepptoria spp. and Dreschlera tritici-repentis, Bombona, Bryza and
Zadra with Puccinia recodita and Erysiphe graminis while in Parabola all pathogen species
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Susceptibility to diseases is one of the factors that should be taken into account when evaluating
the usefulness of cereal varieties in organic farming. The intensity of stem base diseases in
spring wheat was low throughout the research years (Table 17). Fusarium spp. pathogens were
the most common. According to the literature review, diseases caused by Fusarium are not
more often in cereals grown in the organic system than in the conventional one (this also applies
to mycotoxin content) [32, 33]. Cvs. Tybalt, Nawra and Żura were slightly more resistant to
those diseases while Bombona and Parabola were more susceptible.

Cultivar
Infection index (%)

Mean
2008 2009 2010

Bombona 5.7 ab* 8.6 b 24.8 c 13.0 b

Bryza 9.8 b 8.5 b 3.5 ab 7.3 ab

Nawra 7.7 ab 4.7 ab 1.5 a 4.6 a

Parabola 7.7 ab 3.2 ab 23.4 c 11.4 b

Raweta 3.2 a 3.8 ab 13.2 bc 6.7 a

Tybalt 3.8 a 2.4 a 6.7 ab 4.3 a

Vinjett 4.9 ab 4.1 ab 14.7 bc 7.9 ab

Zadra 7.4 ab 8.0 b 9.3 b 8.2 ab

Żura 7.4 ab 4.3 ab 4.0 ab 5.2 a

mean 6.4 5.3 11.2 7.6

* data marked with the same letters do not differ significantly at α=0.05

Table 17. The infestation index (%) of roots and stem base of spring wheat in organic system at milk-dough stage

The damage of flag and underflag leaves by fungal pathogens was different among varieties
and years, but in no case it was significant (Table 18). Cv. Tybalt showed the lowest (almost
none) damage rate to its flag leaves at milk-dough stage, and its underflag leaves were just a
little more damaged in 2009. On the other hand, Cv. Parabola was the most susceptible to
fungal damage. With increasing fungal leaf diseases, the thousand grain weight decreased
(Table 13). Incidence of fungal diseases in conventional farming system, due to the use of
fungicides, was low. The thousand grain weight of conventionally cultivated wheat was higher
by 14 to 31% than that of organic farming for cv. Parabola, and from 7 to 12% for cv. Tybalt.

Spring wheat was infested by different species of pathogens in different years. In 2008, Puccinia
recodita was the most frequent disease. In that year, cvs. Żura and Zadra were also strongly
infected with Erysiphe graminis. In 2009, there was no dominant pathogen species. Vinjett and
Żura were infected with Sepptoria spp. and Dreschlera tritici-repentis, Bombona, Bryza and
Zadra with Puccinia recodita and Erysiphe graminis while in Parabola all pathogen species
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occurred with similar intensity. Puccinia recodita and Sepptoria spp were the most common
pathogens in 2010 in all varieties.

These small damage of flag and underflag leaves of spring wheat was due to favorable weather
conditions. The sum of rainfall in June and July was generally lower than in the long-term
average, while the average temperatures were significantly higher than in the long-term
average (Table 12). Such pattern of weather conditions is not conductive to fungal diseases.

The analysis of correlation showed negative correlation between grain yield of spring wheat
and weed infestation parameters at dough stage (Table 19). This correlation was weaker than
that observed for winter wheat (Table 11). There was no significant correlation between grain
yield and stem and leaf infestation by fungal pathogens (Table 19). Significant correlations
between weed infestation and infection by fungal diseases were determined.

The cluster analysis based on grain yield, fungal infestation, weed abundance at dough stage
allowed the division of varieties into 3 groups with similar characteristics (table 20).

The first cluster, represented by Bombona and Parabola, was characterized by the lowest yield,
the highest infestation by fungal pathogens and an average level of weed abundance. In the
second cluster, there were 6 varieties, characterized by high stand density and high number
of ears per unit area, the lowest dry matter of weeds, an average infestation rate by fungal
diseases and average yields. Cv. Tybalt was the only variety in the third cluster with the highest
values for yield, tolerance of fungal diseases and weed infestation.

Cultivar
Flag leaf Underflag leaf

2008 2009 2010 mean 2008 2009 2010 mean

Bombona 20.3 10.3 11.1 13.9 9.3 8.4 8.9 8.9

Bryza 14.8 11.8 11.7 12.8 8.0 3.6 4.6 5.4

Nawra 13.2 7.9 21.2 14.1 8.8 3.7 16.2 9.6

Parabola 25.2 13.8 27.3 22.1 17.4 3.3 7.9 11.2

Raweta 14.5 4.0 5.3 7.9 8.4 0.3 4.5 4.4

Tybalt 1.3 7.5 1.2 3.3 0 0.8 1.2 0.7

Vinjett 15.7 14.6 8.2 12.8 6.6 1.7 7.1 5.1

Zadra 16.5 12.1 12.1 13.6 7.3 2.6 5.9 5.3

Żura 26.5 13.1 15.6 18.4 14.1 2.2 10.9 9.0

mean 16.4 10.7 12.6 12.7 8.9 3.1 7.5 6.5

Table 18. The area (%) of flag leaf and underflag leaf infested by pathogens in milk-dough stage in organic system
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Parameters Grain yield

(t∙ha-1)

Density of

ears (pcs∙m-2)

Roots and

stem base

infestation

index (%)

Leaves

infestation

index (%)

Number of

weeds

(pcs∙m-2)

Dry matter of

weeds

(g∙m-2)

Grain yield

(t∙ha-1)

x 0.379* -0.108 -0.007 -0.385* -0.558*

Density of ears

(pcs∙m-2)

x -0.055 0.062 -0.058 -0.310*

Roots and stem base

infestation index (%)

x 0.166 -0.253* -0.018

Leaves infestation index

(%)

x -0.127 -0.267*

Number of weeds

(pcs∙m-2)

x 0.404*

Dry matter of weeds

(g∙m-2)

x

* significant at α=0.05

Table 19. Correlation coefficients (r) between grain yield and factors limiting the yield for all tested varieties grown in
organic system (N=108)

Cluster Grain yield

(t∙ha-1)

Density of

ears

(pcs∙m-2)

Roots and

stem base

infestation

index (%)

Leaves

infestation

index (%)

Number of

weeds

(pcs∙m-2)

Dry matter

of weeds

(g∙m-2)

Cultivars

1 3.46 381.0 12.2 27.2 78.8 36.6 Bombona, Parabola

2 3.53 390.3 6.7 19.7 95.8 34.3 Bryza, Nawra, Raweta,

Vinjett, Zadra, Żura

3 4.06 345.0 4.3 4.0 105.3 44.3 Tybalt

Table 20. The results of cluster analysis based on grain yield and factors limiting the yield for tested varieties of spring
wheat cultivated in organic system

The results obtained in the study does not give a clear assessment of suitability of the tested
varieties to organic farming. As judged by the crop yields, cvs. Bryza and Nawra do not seem
to be the best choice for the organic farming system (although they were as resistant to fungal
diseases as the others). However, cv. Bryza showed lower competitive abilities against weeds
that other varieties did. Also cv. Parabola, due to the higher infestation by weeds and diseases
as well as because of small weight of grains (as compared to conventional system) is less
suitable for organic farming system. On the other hand, cv. Tybalt should be preferred in the
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occurred with similar intensity. Puccinia recodita and Sepptoria spp were the most common
pathogens in 2010 in all varieties.

These small damage of flag and underflag leaves of spring wheat was due to favorable weather
conditions. The sum of rainfall in June and July was generally lower than in the long-term
average, while the average temperatures were significantly higher than in the long-term
average (Table 12). Such pattern of weather conditions is not conductive to fungal diseases.

The analysis of correlation showed negative correlation between grain yield of spring wheat
and weed infestation parameters at dough stage (Table 19). This correlation was weaker than
that observed for winter wheat (Table 11). There was no significant correlation between grain
yield and stem and leaf infestation by fungal pathogens (Table 19). Significant correlations
between weed infestation and infection by fungal diseases were determined.

The cluster analysis based on grain yield, fungal infestation, weed abundance at dough stage
allowed the division of varieties into 3 groups with similar characteristics (table 20).

The first cluster, represented by Bombona and Parabola, was characterized by the lowest yield,
the highest infestation by fungal pathogens and an average level of weed abundance. In the
second cluster, there were 6 varieties, characterized by high stand density and high number
of ears per unit area, the lowest dry matter of weeds, an average infestation rate by fungal
diseases and average yields. Cv. Tybalt was the only variety in the third cluster with the highest
values for yield, tolerance of fungal diseases and weed infestation.

Cultivar
Flag leaf Underflag leaf

2008 2009 2010 mean 2008 2009 2010 mean

Bombona 20.3 10.3 11.1 13.9 9.3 8.4 8.9 8.9

Bryza 14.8 11.8 11.7 12.8 8.0 3.6 4.6 5.4

Nawra 13.2 7.9 21.2 14.1 8.8 3.7 16.2 9.6

Parabola 25.2 13.8 27.3 22.1 17.4 3.3 7.9 11.2

Raweta 14.5 4.0 5.3 7.9 8.4 0.3 4.5 4.4

Tybalt 1.3 7.5 1.2 3.3 0 0.8 1.2 0.7

Vinjett 15.7 14.6 8.2 12.8 6.6 1.7 7.1 5.1

Zadra 16.5 12.1 12.1 13.6 7.3 2.6 5.9 5.3

Żura 26.5 13.1 15.6 18.4 14.1 2.2 10.9 9.0

mean 16.4 10.7 12.6 12.7 8.9 3.1 7.5 6.5

Table 18. The area (%) of flag leaf and underflag leaf infested by pathogens in milk-dough stage in organic system
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Parameters Grain yield

(t∙ha-1)

Density of

ears (pcs∙m-2)

Roots and

stem base

infestation

index (%)

Leaves

infestation

index (%)

Number of

weeds

(pcs∙m-2)

Dry matter of

weeds

(g∙m-2)

Grain yield

(t∙ha-1)

x 0.379* -0.108 -0.007 -0.385* -0.558*

Density of ears

(pcs∙m-2)

x -0.055 0.062 -0.058 -0.310*

Roots and stem base

infestation index (%)

x 0.166 -0.253* -0.018

Leaves infestation index

(%)

x -0.127 -0.267*

Number of weeds

(pcs∙m-2)

x 0.404*

Dry matter of weeds

(g∙m-2)

x

* significant at α=0.05

Table 19. Correlation coefficients (r) between grain yield and factors limiting the yield for all tested varieties grown in
organic system (N=108)

Cluster Grain yield

(t∙ha-1)

Density of

ears

(pcs∙m-2)

Roots and

stem base

infestation

index (%)

Leaves

infestation

index (%)

Number of

weeds

(pcs∙m-2)

Dry matter

of weeds

(g∙m-2)

Cultivars

1 3.46 381.0 12.2 27.2 78.8 36.6 Bombona, Parabola

2 3.53 390.3 6.7 19.7 95.8 34.3 Bryza, Nawra, Raweta,

Vinjett, Zadra, Żura

3 4.06 345.0 4.3 4.0 105.3 44.3 Tybalt

Table 20. The results of cluster analysis based on grain yield and factors limiting the yield for tested varieties of spring
wheat cultivated in organic system

The results obtained in the study does not give a clear assessment of suitability of the tested
varieties to organic farming. As judged by the crop yields, cvs. Bryza and Nawra do not seem
to be the best choice for the organic farming system (although they were as resistant to fungal
diseases as the others). However, cv. Bryza showed lower competitive abilities against weeds
that other varieties did. Also cv. Parabola, due to the higher infestation by weeds and diseases
as well as because of small weight of grains (as compared to conventional system) is less
suitable for organic farming system. On the other hand, cv. Tybalt should be preferred in the
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organic farming system due to its resistant to fungal leaf and stem diseases. Unfortunately,
yields of cv. Tybalt were highly variable over the study years. It can also be assumed (although
this was not investigated), that in the 3-year research period, availability of nitrogen and its
uptake, besides weeds and disease infestation, had a strong influence on the yields of spring
wheat varieties [12].

3.2.1. Summary

1. Among the nine compared varieties, cvs. Tybalt and Żura produced the highest yields,
while cvs. Bryza and Nawra yielded the lowest.

2. Crop yields were on average 34% lower in the organic system than in the conventional
one. The differences were from 32% (cvs. Tybalt and Vinjett) to 38% (cv. Parabola). Lower
yields in organic farming system were caused by lower ear density and thousand grain
weight (both showing a reduction of approximately 16%).

3. The weed infestation of spring wheat was strongly limited by undersown crops (clover-
grass mixture). The dry matter of weeds averaged 36 g m-2 over the research years (from
7 to 57 g m-2). The lowest dry matter of weeds was observed in Bombona, Raweta, Nawra
and Vinjett which had a bigger density of canopy.

4. In the 3-year period a minor incidence of stem base and leaf diseases was observed due
to an appropriate crop rotation (stem base diseases) and favourable weather conditions
in June and July (fungal leaf diseases). Cv. Parabola was more susceptible, while cv. Tybalt
was more resistant to those diseases than the other varieties.

4. Conclusions

The yielding of cereals in organic system was lower than in conventional system. In case of
winter wheat, the yield was on average 45% smaller in organic system than in conventional
one. This low yield of winter wheat in organic system in years of research was mostly connected
with unfavorable weather conditions in growing season 2009/2010. Winter wheat cultivars
selected for organic farming should be characterized by high winter hardiness, because in this
farming system is difficult to compensate for the effects of adverse weather conditions. Cereal
canopy with a smaller plant density after winter is more susceptible to weed infestation. Earlier
studies conducted on another set of winter wheat varieties (Roma, Kobra, Zyta, Sukces)
showed a difference in the yields between organic and conventional systems by 19%. The
difference in cereal yields in organic vs. conventional systems are due to lower density of ears,
weed infestation, leaves diseases and nutrients deficiency [6, 9, 11, 12, 14, 20].

Tested varieties were differed in their yielding and competitiveness against weeds as well as
resistance to fungal diseases. Smuga variety gave the highest yield whereas Ostka Strzelecka
and spelt Schwabenkorn the lowest one. In case of spring wheat, 34% less grain yield on
average was obtained in organic system than in conventional one. Among compared varieties
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of spring wheat cultivated in organic system, cvs. Tybalt and Żura, were characterized by the
highest yield, while Bryza and Nawra had the smallest yield.

Analysis of correlation showed that grain yield of winter wheat and spring wheat was affected
by number and dry matter of weeds. These relations were stronger for winter wheat varieties
than for spring wheat varieties. Grain yield of winter wheat was also influenced by leaves
infestation by fungal pathogens. There was no correlation between grain yield of winter and
spring wheat in organic system and stem base diseases in the research period 2008-2010.

In the organic system weed infestation in cereals is generally greater than in the more intensive
crop production systems where herbicides are used [34, 35]. However, the application of
agricultural practices according to Good Agricultural Practices, proper crop rotation, delaying
sowing time, increasing the amount of seed, maintaining good soil structure, with a high
content of organic matter allows to keep the weeds at a level not causing a significant yield
decrease [22, 36]. The results show high efficacy of weed control in spring wheat in the organic
system by the interaction of 5-year crop rotation, successful undersown clover with grasses
and dense canopy of wheat with large ability to compete with weeds. The effectiveness of
mixed crops of cereals with legumes in reducing weed confirms the results of other authors
[36, 37].

The competitive ability against weeds of winter and spring wheat varieties differed due to
canopy parameters and morphological features. The level of weed infestation was influenced
by parameters of wheat canopy: density and dry matter of wheat, as well as the height. Among
modern varieties there are some with high competitive potential against weeds, for example
cv. Smuga, which also has a greater yielding potential than old varieties. The competitive
ability of spelt with weeds depends on the variety and habitat conditions [38]. Among spring
wheat varieties the greatest suppressive ability against weeds were cvs. Bombona and Raweta.

In organic system stem base diseases were unimportant, contrary to leaves diseases. The
dominant pathogens were: Puccinia recondita and Septoria spp. In case of spring wheat, greater
susceptibility to fungal pathogens characterized cv. Parabola, while a smaller – cv. Tybalt.
Among winter wheat varieties Kobra and Bogatka were the most resistant to fungal diseases
leaves in organic farming conditions.

The old varieties of winter wheat: Ostka Kazimierska, Kujawianka Więcławicka, Wysokoli‐
tewka Sztywnosłoma had big potential to weed suppress, but were not very useful for
cultivation in organic system, because they yielded 36% lower compare to modern varieties
and were also strongly damaged by stem and leaf fungal diseases [20].
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Chapter 10

Organic Production of Cash Cereals and Pseudocereals

Franc  Bavec

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/57475

1. Introduction

1.1. Organic production of major cereal crops and maize

1.1.1. General characteristic

Monocotyledonous maize (Zea mays L.) and spending winter or spring sown cereals such as
common wheat (Triticum aestivum L.), barley (Hordeum vulgare L.), rye (Secale cereale L.), oat
(Avena sativa L.), and triticale (xTriticosecale Wittm. & Camus) provide the main staple foods
for the world’s human and animal populations. They are conventionally grown on approxi‐
mately 30 % of the total world arable land, and about 50% of cereals (data from FAO for 2012),
provide almost one half of total nutrition energy. Over 500 important industrial products and
byproducts may be obtained from maize, and also the similar amount may be obtained from
cereals. Their excellent adaptability and wide distribution belongs to the spread family
Poaceae. For example, wheat is grown from 40° s. l. (Southern latitude) to 60° n. l. (Northern
latitude); barley even to 70° n. l. Rye is less sensitive to climate changes than wheat and barley
and could be sown at altitudes up to 1200 m under European conditions. Similarly, maize is
grown from 53° (optimum 45°) s.l. to 35° n.l., especially wide-spread in areas with a (sub)
tropical climate. Especially new crops in the region, like sweet maize in temperate climate
needs to be studied carefully [1].

The aim of this chapter was to analyse data mainly from Web Sci and Sci Direct and integrate
actual organic cultivation knowledge as a suggestions for further development of maize and
cereal production.

The use of organic farming technologies has certain advantages in some situations and for
certain crops such as maize [2], but like in case of the yield performances of 24 organic wheat
yields were low and variable 3.5 +/- 1.4 t ha-1 [3]. The proportion of cereals incl. maize produced
organically is relatively high compared to vegetable and fruits (FAO, 2002), due to their less

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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actual organic cultivation knowledge as a suggestions for further development of maize and
cereal production.

The use of organic farming technologies has certain advantages in some situations and for
certain crops such as maize [2], but like in case of the yield performances of 24 organic wheat
yields were low and variable 3.5 +/- 1.4 t ha-1 [3]. The proportion of cereals incl. maize produced
organically is relatively high compared to vegetable and fruits (FAO, 2002), due to their less
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efficient production and more pretentious marketing. In the USA, 47% of the certified organic
area was devoted to field and fodder crops in 2003, compared to 34% to pastures and 8% to
fruit and vegetable crops (Economic Research Service, USDA).

In many cases farmers introduce into organic farming the old varieties and land race popula‐
tions of cereals, because of their better resistance on plant diseases and due to their low fertilizer
inputs, but also the yields are lower. Instead of common wheat often grown are spelt, emmer
and einkorn in Austria, Switzerland and Slovenia. In spite of high inputs and low resistance
on plant diseases, the new (modern) cultivars have changed many of their characteristics (grain
size and leaf area have increased almost twenty times, ageing of top leaves has become slower
and the period of assimilate accumulation in grains has been extended, better expressed
productive tillering by cereals, cereals were bred to produce short-stem varieties to prevent
lodging, …).

The competitive strength to weeds is highest for rye, less so for winter barley, oat and triticale,
while wheat and summer barley are the least competitive species, due to their height of steams.
Monocotyledonous weeds like couch grass (Elytrigia repens L.), wild oat (Avena fatua L.), hair
grass (Apera spica – venti L.) and some dicotyledonous weeds like catch weed (Galium aparine
L.) and perennial weeds like field bind weed (Convolvulus arvensis L.), bull thistle (Cirsium
arvense L.), etc. are associated in cereals. Maize is associated with other group of wide-leaved
– to the high temperatures sensitive annual weeds like amaranths (Amaranthus sp.), white
goose foot (Cheopodium album L.), and perennial weeds. Weeds in cereals result in difficult
harvesting and cause an intensive spreading of weed seeds and decrease the yield; and
additional influence of weeds in maize is suppression of growth in the first leaf stages (Maier
code 21-26, [4]).

In organic farming, especially early in the spring at the tillering stage (EC 22-23, see growth
stages of cereals described by Zadoks [5] of winter wheat and barley, lack of available nitrogen
in the soil is problematic, due to nitrogen leaching and lack of mineralization caused by low
temperatures. Rye and oat are less demanding, and thus more suitable for organic production.
Also in case of maize the lack of nitrogen in the spring time is a usual problem.

1.1.2. Position in a crop rotation

Success of cereal crop production primarily depends on the choice of the previous crop,
especially in less fertile soil. In conventional farming systems, there is a possibility to com‐
pensate for a less suitable foregoing crop by using higher rates of fertilizers and pesticides, but
in organic farms, residual soil fertility from crop residues primarily determines the potential
yield of a cereal crop. Rotation is also essential to prevent the build-up of pests and diseases;
in particular foot and root rot diseases.

In mixed farming systems (incl. animal and crop production) where a grass/clover ley is part
of the rotation, cereals can be grown after incorporation of the grass/clover mixture or after a
more N-demanding intermediate crop grown after grass-clover incorporation, such as
potatoes. In stockless farming systems (without livestock), legumes, cereal-legume mixtures,
root crops, or oil seed crops are suitable foregoing crops, provided sufficient N is left from the
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root- or oil seed crops. In exceptional cases, cereals can be grown for two consecutive years,
for example a winter and summer cereal. In that case, it is best to use a less demanding crop
(rye or oat in cool climates, maize or millet in warmer climates) as the second crop. Compared
to conventional rotations, organic crop rotations generally have a lower proportion of cereals,
not exceeding 50%. Above this rate, only crops with low nutrient demands (rye, oat, triticale)
can be used. If a legume such as red clover or alfalfa is used as foregoing crop, phytotoxicity
od the decomposing residues may be a problem for the germinating seeds of cereal crops [6].
Therefore these foregoing crops should be ploughed under at least three weeks before the
cereal is sown.

Because the maize is more demanding for N than temperate cereals, maize is usually grown
after a leguminous green manure or fodder crop [7]. Maize is often only rotated with soybeans
in conventional production systems, but a corn-soybean rotation does not provide adequate
N in an organic system, as most of the N is removed with the soybean. Thus, organic rotations
need to include additional leguminous crops besides soybeans or use additional animal
manure. A common organic rotation used in the Midwestern USA consists of maize, soybeans,
a cereal, legume green manure, and a fifth crop that is varied from year to year [8]. The effects
of 2- versus 4-year rotations on corn and soybean yields were studied in organic and conven‐
tional systems in Minnesota [9]. Maize in the organic four-year maize-soybean-oat/alfalfa-
alfalfa rotation yielded only 7-9% less than in the conventional two-year rotation, and almost
twice the yield in the organic 2-year rotation. In another study in Iowa, yields of organic and
conventional corn were equivalent in a similar 4-year rotation [10].

Cereal crops also have a useful function for the following crops in an organic rotation, due to
their fibrous root systems that may loosen deeper soil layers, depending on the particular crop
(Table 1). Moreover, monocotyledonous crops generally are not susceptible to diseases of
dicotyledonous crops and, thus, provide a break in the build-up of diseases of dicotyledonous
crops.

Crop

Root
Tolerance to

yourself

Foregoing crop

quality (generally)
Land coverage

Pertinence

like cover

crop
Amount Depth

Winter wheat + ++ + + + +++

Spring wheat + + + - + ++

Winter rye ++ ++ ++ ++ ++ ++

Winter barley + + + +++ + +++

Spring barley + + ++ ++ + ++

Oat ++ ++ ++ - + ++

Millet ++ +++ + - + ++

Explanatory notes: +++ good; ++ proper; + poor; - improper

Table 1. Properties of cereals when used as a foregoing crop (arranged according to Demo, Bielek et al. [11].
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pensate for a less suitable foregoing crop by using higher rates of fertilizers and pesticides, but
in organic farms, residual soil fertility from crop residues primarily determines the potential
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root- or oil seed crops. In exceptional cases, cereals can be grown for two consecutive years,
for example a winter and summer cereal. In that case, it is best to use a less demanding crop
(rye or oat in cool climates, maize or millet in warmer climates) as the second crop. Compared
to conventional rotations, organic crop rotations generally have a lower proportion of cereals,
not exceeding 50%. Above this rate, only crops with low nutrient demands (rye, oat, triticale)
can be used. If a legume such as red clover or alfalfa is used as foregoing crop, phytotoxicity
od the decomposing residues may be a problem for the germinating seeds of cereal crops [6].
Therefore these foregoing crops should be ploughed under at least three weeks before the
cereal is sown.

Because the maize is more demanding for N than temperate cereals, maize is usually grown
after a leguminous green manure or fodder crop [7]. Maize is often only rotated with soybeans
in conventional production systems, but a corn-soybean rotation does not provide adequate
N in an organic system, as most of the N is removed with the soybean. Thus, organic rotations
need to include additional leguminous crops besides soybeans or use additional animal
manure. A common organic rotation used in the Midwestern USA consists of maize, soybeans,
a cereal, legume green manure, and a fifth crop that is varied from year to year [8]. The effects
of 2- versus 4-year rotations on corn and soybean yields were studied in organic and conven‐
tional systems in Minnesota [9]. Maize in the organic four-year maize-soybean-oat/alfalfa-
alfalfa rotation yielded only 7-9% less than in the conventional two-year rotation, and almost
twice the yield in the organic 2-year rotation. In another study in Iowa, yields of organic and
conventional corn were equivalent in a similar 4-year rotation [10].

Cereal crops also have a useful function for the following crops in an organic rotation, due to
their fibrous root systems that may loosen deeper soil layers, depending on the particular crop
(Table 1). Moreover, monocotyledonous crops generally are not susceptible to diseases of
dicotyledonous crops and, thus, provide a break in the build-up of diseases of dicotyledonous
crops.
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Root
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yourself
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quality (generally)
Land coverage

Pertinence
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Amount Depth

Winter wheat + ++ + + + +++

Spring wheat + + + - + ++

Winter rye ++ ++ ++ ++ ++ ++
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Spring barley + + ++ ++ + ++

Oat ++ ++ ++ - + ++

Millet ++ +++ + - + ++

Explanatory notes: +++ good; ++ proper; + poor; - improper

Table 1. Properties of cereals when used as a foregoing crop (arranged according to Demo, Bielek et al. [11].
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Crop rotation is also essential for regulation of weeds in cereal crops. Summer cereals should
be preferentially grown when winter weeds, such as mouse foxtail (Alopecurus myosuroides
Huds.), scentless mayweed (Matricaria maritima L.), catch weed (Galium aparine L.), hair grass
(Apera spica – venti L.), field poppy (Papaver rhoeas L.) are problematic, while winter crops can
better be grown when summer weeds (such as wild oats or wild rape seed) occur more
frequently. Cereal crops show different competitive strengths against weeds. In general, winter
cereals are more competitive than summer cereals, rye more than wheat, and oat more than
summer barley. In the low-stem cereals under sown cover crops (from genus Trifolium) can be
included, because they compete generally well with weeds after harvest and represents the
further leguminous in the crop rotation.

Crop rotation also contributes to the regulation of pests and diseases. Black stalk or take-all
disease (Gaeumannomyces graminis) and eyespot disease (Pseudocercosporella herpotrichoides)
represent major fungal diseases of cereal crops that are strongly affected by rotation. Take-all
is commonly suppressed by antibiotic-producing Pseudomonas fluorescens bacteria when wheat
is grown without rotation [12], but this is not an option for organic wheat production. In
organic farming systems, take-all can be reduced by using soil-improving, non-susceptible
annual crops in the rotation, because the pathogens do not persist in soil for a long time period.
Suitable G. graminis-interrupting crops are maize, oat, potatoes, sugar beet, legumes, rape, or
flax. High microbial activity and diversity, promoted by a complex rotation, also contribute to
take-all control [12]. Cereal crops need to be interrupted by other crops for at least 2-3 years to
limit eyespot occurrence. The most suitable crops for this purpose are clover or alfalfa for 2 -
3 years. Very suitable are sequences of these crops, for example maize - oat, potatoes - oat,
potatoes - legumes etc. However, to prevent the build-up of smut diseases, such as Tilletia
controversy on wheat and Ustilago maydis on maize, longer rotations of 6-8 years are re‐
quired.This is especially true when organically produced seeds are used, as the common seed
treatments are not allowed. Too many cereal crops in the rotation may also enhance the risk
of foliar diseases such as powdery mildew (Erysiphe graminis). Due to low resistance of cereals
to the diseases, one of the most effective measures for stable yielding is intercropping of
different species of cereals [13] or just different varieties (with the same harvesting time) of
one cereal species [14].

The most frequent cereal pests are aphides, damaging the assimilatory organs and spikes. As
cereal aphids are quite specific, it is important to rotate with non-cereal crops. In Europe and
Western Asia, the corn ground beetle (Zabrus gibbus) can be very damaging, especially on
wheat [15]. The most damaging pests in maize are corn borer (Ostrinia nubilalis L.) and Western
corn rootworm (Diabrotica virgifera L.), becoming new pests in Eastern Europe. Rotation of
cereals with legumes and beet is a sufficient measure against these pests, which’ larvae damage
green grains and adults feed on crop flowers and grains during milk ripe stages. Wire worms
(larvae of the click beetle) can be a major pest in organic crop production, especially after
incorporation of large amounts of crop residues, for example perennial fodder crops or a cereal
crop with under sown grass-clover. Populations of click beetles are generally reduced by
cultivation operations. As root crops and rape seed require multiple cultivation operations,
these crops are more suitable for rotation.
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1.1.3. Cereal crops management practice

Variety selection

The main criteria for selection of cereal crops and varieties for organic production are:
suitability for the certain location, yielding ability, stability and plasticity, large rooting and
nutrients uptake ability (especially of nitrogen), resistance to fungal diseases, high competitive
ability towards weeds, and stress tolerance (drought, water logging, extreme temperatures).
The lower internodes should be relatively short to prevent lodging, but the upper internodes
long to support higher ability of assimilation during the period of grain forming, even if the
leaves are damaged by fungal diseases. Mid-height and bearded varieties seem to be optimal
as these produce good grain yields with fewer productive stalks but with more grains per
spike. It is important to select varieties with resistance or tolerance to fungal diseases prevailing
at the particular location, as synthetic fungicides are prohibited in organic cereal production,
and copper fungicides are generally not used on these crops. In case of maize the special
attention must be done to the sowing appropriate FAO groups of hybrids, depending on
geographical latitudes (FAO classification valid for Corn Belt in USA, number of growing days
for each group growth out of this latitude are longer) and other production demands, and also
to the target type of grains (dent, flint, semi dent or flint, pop, sweet) due to it’s potential use.

Older varieties of cereals usually have favourable features to low pretentiousness of produc‐
tion inputs, with possible respect to grain quality, but lower productivity. Such varieties can
be used for particular contracts with processors, where the price of a specific product balances
lower yields.

Preparatory soil cultivation

Soil cultivation is primarily needed for destruction of crop debris and stubble of a previous
crop, weed control and mineralization of nutrients, but also to enhance porosity for aeration
and water and root penetration. Several cultivation operations can be distinguished, each with
their own objectives, for example: ploughing to turn the soil so that crop residues, weed seeds
and plant pathogens are buried below the immediate rooting zone, tillage to loosen the soil
without turning it, harrowing to prepare a loose seedbed (4-5 cm deep), and hoeing to remove
weeds.

The timing of cultivation is extremely important, because the wrong timing can destroy the
soil structure, and nullify the benefits of proper organic matter management. This was shown
for a biodynamic farm, where soil had been ploughed in a too wet condition, leading to soil
compaction. The soil structure was not significantly better than that of a neighbouring
conventional farm in comparison to the much better soil structure of permanent grassland. For
winter cereals, the soil is obviously prepared for seeding in the fall, but for summer cereals
and maize there is a choice of fall or spring soil preparation, depending on the climate. When
springs are generally wet, for example in land climates with heavy snow fall, fall ploughing
may be the only option, even for spring crops.
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crop, weed control and mineralization of nutrients, but also to enhance porosity for aeration
and water and root penetration. Several cultivation operations can be distinguished, each with
their own objectives, for example: ploughing to turn the soil so that crop residues, weed seeds
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The timing of cultivation is extremely important, because the wrong timing can destroy the
soil structure, and nullify the benefits of proper organic matter management. This was shown
for a biodynamic farm, where soil had been ploughed in a too wet condition, leading to soil
compaction. The soil structure was not significantly better than that of a neighbouring
conventional farm in comparison to the much better soil structure of permanent grassland. For
winter cereals, the soil is obviously prepared for seeding in the fall, but for summer cereals
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springs are generally wet, for example in land climates with heavy snow fall, fall ploughing
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The depth of cultivation is another important choice. Common ploughing should not be deeper
than usuall, because of live and well structured layer of the soil (suggested 20-25 cm). Even
higher ploughing must be step-by step i.e. cm by cm. Recent research has shown that soil
organic carbon can be preserved by minimum tillage (shallow tillage, 10-15 cm deep). This also
results in minimal disturbance of soil life, particularly fauna and fungi. Many organic farmers
opt for shallow tillage, using the so-called eco-plough. After potato for winter cereals or annual
cover crops for maize, direct sowing is possible also in organic production. This has resulted
in considerable reduction in erosion and nutrient losses, and in improvement of soil structure.
However, no-till is hardly an option in organic farming, as herbicides cannot be used, and
hand-weeding and mechanical in-row hoeing are not feasible for field crops. Minimum tillage
may also result in an increased occurrence of weeds, especially hair grass (Apera spica – venti
L.), camomile (Chamomilla), couch-grass (Elytrigia repens L.), creeping thistle (Cirsium arvense
L.), barnyard grass (Echinochloa crus – galli L.), and pig-weed (Amaranthus L.), which thrive on
compacted soils.

The number of operations and their intervals ultimately determine weed infestation rates. To
avoid weed problems in the beginning of crop growth, soils are sometimes harrowed an extra
time before final seedbed preparation, so that weeds germinate, start to grow, but are killed
by the second harrowing. The first operation is called preparation of a ‘false seedbed’. A certain
level of weed cover could be tolerated when crops are past their most sensitive stage [16], but
noxious weeds should be removed before setting seed. Too frequent tillage operations lead to
soil erosion and nutrient and carbon losses, and ultimately to poor soil structure.

Nutrition of cereals and maize

The uptake of nutrients with aboveground maize yields can reach up to 278 kg N ha-1, 46 kg
P ha-1 and 171 kg K ha-1 [17], in cereals approximately up to half of the amount. Target
fertilization rate depends on available nutrients in the soil and target yield. Target fertilization
rate depends also on climatic conditions, genotype, and production system like plant popu‐
lations [18, 19]. According to the EU regulations limited input with organic fertilizers is 170 kg
N ha-1 as an average farm-1. It means that is impossible input the same levels of nutrients in
organic production comparing with conventional agriculture. Deria et al. [20] considered that
several factors causes grain yield differences (organically grown wheat was: increased at one
site by 17%; decreased at three sites by an average of 27%, and not changed at another three
sites) between the organic and conventional wheat: like lower nitrogen supply, and lower
extractable-P of the organic wheat.

Cereals absorb nutrients mainly from the upper soil layer. Their development depends on
available nutrients, especially phosphorus and nitrogen, released from organic fertilizers or
crop residues by mineralization.

Nitrogen nutrition is often not limited by the total nitrogen in soil, but by a deficiency in certain
growth stages, especially at the tillering stage and generative stages of winter cereals. Release
of mineral nitrogen is often maximal in mid summer, often resulting in too high nitrogen levels
in brewing barley, but still fairly low nitrogen (and gluten) levels in bread wheat.
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Besides crop residues, organic cereal crops may be fertilized with animal manure, especially
on poor soils, at rates of 4-10 t ha-1 (up to content of 180 kg N ha-1 year-1). Also legumes as
preceding crops improve nitrogen nutrition on subsequent winter wheat, e. g. the Nitrogen
Nutrition Index at flowering ( NNIf) = 0.51 +/- 0.12 for a crop rotation with a rate of legumes
over 37% vs. 0.41 +/- 0.11 for a crop rotation with a rate of legumes under 25% [3]. In the case
of comparing conventional animal production, organic animal production, and organic cereal
production residual fertility effects from the preceding crop produced higher yields in organic
animal production winter and spring wheat than in conventional. Cultivation of winter wheat
in organic animal production was a more efficient use of nitrogen resources than conventional
[21]. The findings that microbial properties and N availability with 182-285% increase in
potentially mineralizable N, for thus the yields of crops differed under different organic input
(regimes cotton gin trash, animal manure and rye/vetch green manure), [22].

Organic fertilizers may also be combined as phosphorus and potassium fertilizers which are
allowed (depending on the certification agency).

An additional nutrient dressing can be applied at the generative stages (EC 20–35) by disper‐
sion of dung (5-7 t ha-1) or slurry (20-40 m3 ha-1). Higher rates of dung or slurry can cause
expansion of ruderal weeds (docks, goosefoot, hardship, scentless may-weed, barnyard grass,
etc.). Harmonious fertilization maintains the competitive strength of crops, promoting fast
foliage growth and better soil coverage.

Additional supply of nitrogen is possible by intercropped legumes. The data showed that
nitrogen content of the wheat grain and whole plant biomass significantly increased when the
density of beans in the intercrops increased; this was reflected in a significant increase in grain
protein at harvest of organically grown wheat [23]. The clear and significant differences in
wheat yield and protein content between the organic and conventional systems suggest a
limited supply of available N in the organic fertility management system which is also
supported by the significant interaction effect of the preceding crop on protein content [24].

Seed selection and sowing

According to EU regulations, if available, certified organically grown seed is required for
certified organic crop production (EU Regulation No. 834/2007). As sufficient certified organic
seeds of cereal crops and maize are on the market, European organic growers are bound to
use these seeds. The situation is different in North America and Canada, where grower-saved
seeds are often used, or commercial, conventionally grown seeds without fungicide coating.

The selected sowing rate should ensure an optimum stand density that results in soil shading
and weed suppression. Sowing at high density at a narrow row distance is more effective to
control weeds in a cereal crop than wide row spacing combined with mechanical weed control.
Early sowing is not as effective for weed control as sowing after repeated harrowing (preparing
a false seedbed to kill germinated weeds). Finally, the sowing depth is crucial: not too deep to
avoid root and foot diseases, and not too shallow to avoid drying of the seed.

Both, cereals and maize can be intercropped by legumes; in the case of maize intercropping
with climbing bean is suggested and in case of cereals with pea and beans. Sowing of obove
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mentioned intercropped crops is separate, depending on suitable periods for seed emergence
and growth.

Weed control

High weed pressure is one of the main problems of organic cereal and maize production. Weed
seedbank size was larger under the organic system of maize production than conventional
system; and for example differences among maize management systems depends mainly upon
weed control efficacy rather than upon tillage effects [25].

The most problematic weed species in cereal production are couch-grass and creeping thistle.
Application of herbicides is impossible and thus different ways of weed regulation must be
used. The aim of such regulation is not to completely destroy weeds, but to keep their coverage
under the damage threshold. The emphasis is put on prevention of introduction and spread
of regenerative organs of weeds (seeds, stolons, etc.), and on indirect control like promoting
optimal growing conditions for the crops that enhance their competitive strength against
weeds. Among the preventive measures belong selection of a location that is suited to a crop’s
demands, a varied and well-balanced crop rotation including fodder crops, proper soil
cultivation, use of barnyard manure, harmonic fertilization, proper choice of species and
varieties, proper sowing, prevention of weed introductions, optimum time and way of
harvesting as well as post-harvest operations. Finally, care must be taken that noxious weeds
don’t spread from field margins and surrounding natural vegetation.

If the preventive measures are not effective enough, direct weed control treatments must be
applied: mechanical, physical and biological methods. Harrowing using different harrow
types (weeders, net harrow, and spike harrow) can be used for deep-rooted crops (maize,
sorghum) before the plants sprout but after germination of weeds. A second harrowing can
be applied shortly after the stage of 2-3 true leaves (Maier code 21-23). Line weeding (with
brush cultivators or deer-tongue cultivators) can be applied in wide-row cereal crops on heavy
soils (row spacing over 15 cm) or to combat overgrown weeds when cultivation was delayed,
for example due to wet conditions. Thermal weed control (using propane-butane burners) can
be used to eliminate all weeds before sprouting of the crop, or to put down dicotyledonous
weeds in wide-row crops like maize. Biological weed control by plant pathogens or insect pests
is still hardly used in organic agriculture.

Harvesting, post-harvest treatments and storage

Organic grains need to be harvested and stored separately from conventional grains. Perfect
threshing and pre-cleaning of the grain is a basic expectation for proper harvesting of cereals.
Grain needs to be dried to 13.5 - 14% moisture. Drying of grain is performed gradually,
removing only about 2% water at a time if it originally had moisture content over 20%.
Organically grown grain should be dried like seed material, preventing too high temperatures,
because sprouted grains can be used for human consumption.

Grains of cereals and maize can be infected by fungi that produce mycotoxins (primarily
Fusarium species), which can seriously affect human and animal health. Therefore mouldy
grain should not be used, not even for feeding purposes. To prevent mould infection, grain
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temperature, moisture, smell and pest invasion must be monitored, and the storage silos
should be aerated. The air temperature should be 5 °C lower than the grain temperature. The
optimum temperature for grain storage is 5 – 10 °C, and the temperature should not exceed 20
°C. Storage pests, especially grain weevils (Sitophilus granarius), grain moths (Nemapogon
granellus), and flour mites (Acari) can be a serious problem for organic grain, as they can only
be controlled within the limits given by regulations. The storage silos need to be cleaned before
use. Natural pyrethrums can be used to control invading pests, but these substances have a
short-term effect only (5-6 hours), so the application has to be done repeatedly. Natural
pyrethrums do not affect warm-blooded animals. If these disinfection procedures are followed,
limited occurrence of pests can be expected.

1.1.4. Labour use and economics

Costs and prices

The yields of organic cereals and maize are usually somewhat lower than those achieved under
conventional management, mainly due to limited nitrogen availability. However, in a long-
term experiment with a five year rotation, yields of organic maize were very similar to those
of conventional: 6.4 versus 6.5 tons/ha [26]. In drought years, organic maize yielded even more
(28-34%) than conventional maize, thanks to the greater water-holding capacity of the
organically managed soil. But in drought conditions in case of organic maize yielded just 38%
and 137% relative to conventional were formed [27].

The direct costs for organic grain production are frequently lower than those for conventional
production, as there are no expenditures for pesticides, growth regulators (for small grain
cereals only) and synthetic fertilizers. These lower costs may sometimes compensate for the
lower yields, even at conventional market prices, as observed for maize production in the Corn
Belt in the USA [28]. However, for calculation of net income from a crop, opportunity costs
need to be included, as less profitable leguminous rotation crops are needed to provide
sufficient nitrogen for a corn crop [26, 29]. In addition, more expensive seed, more frequent
cultivation and the associated fuel costs, and higher costs for manual labor for preparation of
natural fertilizers and weed control detract from the profitability of organic small grain and
corn production[ 26]. Taking the lower yields per ha and all costs per ha into consideration
(Fig. 1), the production of cereals and maize would mostly not be economic at conventional
prices for the products. Premium prices are essential for a positive balance [26].

Price premiums vary considerably, from 15 to 50% for organic cereals (Sullivan, 2003), and
from 20 to 50% for organic corn [29]. Even a premium price of 200% of organic over conven‐
tional maize has been reported [30]. The height of the price premium depends, of course, on
the kind of cereal, the quality, the extent of processing, the kind of market, and supply versus
demand. Especially for maize, specialty crops (sweet maize, pop corn, conserved grains) fetch
higher prices than regular feed maize. The premiums will likely remain fairly high as long as
the demand for organically grown grains is increasing at the same pace or faster compared to
the increase in organic grain production.
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temperature, moisture, smell and pest invasion must be monitored, and the storage silos
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conventional management, mainly due to limited nitrogen availability. However, in a long-
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of conventional: 6.4 versus 6.5 tons/ha [26]. In drought years, organic maize yielded even more
(28-34%) than conventional maize, thanks to the greater water-holding capacity of the
organically managed soil. But in drought conditions in case of organic maize yielded just 38%
and 137% relative to conventional were formed [27].

The direct costs for organic grain production are frequently lower than those for conventional
production, as there are no expenditures for pesticides, growth regulators (for small grain
cereals only) and synthetic fertilizers. These lower costs may sometimes compensate for the
lower yields, even at conventional market prices, as observed for maize production in the Corn
Belt in the USA [28]. However, for calculation of net income from a crop, opportunity costs
need to be included, as less profitable leguminous rotation crops are needed to provide
sufficient nitrogen for a corn crop [26, 29]. In addition, more expensive seed, more frequent
cultivation and the associated fuel costs, and higher costs for manual labor for preparation of
natural fertilizers and weed control detract from the profitability of organic small grain and
corn production[ 26]. Taking the lower yields per ha and all costs per ha into consideration
(Fig. 1), the production of cereals and maize would mostly not be economic at conventional
prices for the products. Premium prices are essential for a positive balance [26].

Price premiums vary considerably, from 15 to 50% for organic cereals (Sullivan, 2003), and
from 20 to 50% for organic corn [29]. Even a premium price of 200% of organic over conven‐
tional maize has been reported [30]. The height of the price premium depends, of course, on
the kind of cereal, the quality, the extent of processing, the kind of market, and supply versus
demand. Especially for maize, specialty crops (sweet maize, pop corn, conserved grains) fetch
higher prices than regular feed maize. The premiums will likely remain fairly high as long as
the demand for organically grown grains is increasing at the same pace or faster compared to
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However, the economic net return was higher for conventional farming system, but when the
economic subsidies from EU were considered, the integrated net return was higher than under
organic farming system for wheat and soya [31]. As the demand for organic meat is rising, this
should also increase the demand for certified organic feeds, and possibly the premium prices
(as long as the number of certified organic grain growers is not expanding as fast or faster).
Altogether, it is difficult to predict future organic grain prices [29].

Markets

Depending on the quality of the grain, it can be used as animal feed or for human consumption;
grading standards for grains for human consumption are higher than for feed grains [32]. In
mixed organic farms, grains are commonly used as livestock feed on the farm itself. Fodder
grains can also be sold on the regional, national or international market. However, organic
feed grain is generally not transported over great distances. Although it is more difficult to
grow organic corn and cereal grains for human consumption due to the higher quality
standards, they result in higher net profits than feed grains. Organic cereal grains for human
consumption are commonly marketed in different ways than conventional grains, since the
buyers are usually smaller-scale than buyers of conventional grain [33]. Organic grain is often
produced on a contract, and producers may have more grain than a typical small-scale buyer
would need. Thus, organic grain often needs to be stored, and it may be beneficial for an organic
grower to have his/her own storage facilities [33]. Some organic farmers process their grain
into flour and bread or other cereal products, and sell it directly to consumers at home or at
the local market. The greater the share of the production chain is controlled by the farmers
themselves, the more profitable the production of cereals will be.
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Figure 1. Comparison costs of convencional and organic farming (growing wheat) – variable cost and fixed cost of
machines (Moudrý, 2005) – not published data
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1.1.5. Ecological impact

The results show a markedly reduced ecological footprint of the organic systems (icluding
biodynamic) in production of wheat (Triticum aestivum L. 'Antonius') and spelt (Triticum
spelta L. 'Ebners rotkorn'), mainly due to the absence of external production factors. When
yields were also considered, the organic systems again had a reduced overall footprint per
product unit and increased ecological efficiency of production. Thus, this farming systems
present viable alternatives for reducing the impact of agriculture on environmental degrada‐
tion and climate change. Nevertheless, room for improvement exists in the area of machinery
use in all systems studied and yield improvement in the organic farming system [33].

2. Organic production of pseudocereals

2.1. General characteristics

Pseudocereals described in this book include dicotyledonous field crops of various botanical
families i.e. common buckwheat (Fagopyrum esulentum Moench) family Polygonancae, quinoa
(Chenopodium quinoa Willd.) family Chenopodiace and grain amaranths (Amaranthus caudatus,
A. cruentus, A. hypohondriacus) family Amaranthaceae, which were traditional food in Asia from
10th to11th BC, of Inca’s and Aztec civilization, respectively. Their production (Table 2) has
become more and more interesting, due to grains nutritional and healthy value, especially if
they are gown organically. For those the own experiences at the farm and in research are again
evaluated within the scope of new findings cited in research databases.

These crops have an extensive diversification among genotypes, which were utilized and
adapted under specific environments; consequently their increasing introductions in the new
environments differ in expression of genetic potential of yield and duration of vegetation
period to reach full maturity. The main limitations for production under European temperate
climate and its above sea altitudes are frost free days during vegetation period and necessary
effective temperatures for active photosynthesis (assimilation), except in buckwheat where the
temperatures exceeding 24oC cease pollination and stop growth due to short day-length in
some genotypes. The main preferences are well adaptation of quinoa and amaranths to dry
conditions, soil pH and salinity, and also C4 pathway in amaranths.

The grains vary in morphological characteristics, shape and weight; for example 1000-g seed
weight in buckwheat varies from 18 to 32 (38) g, in quinoa from 2 to 6 g, and in grain amaranths
from 0.3 to 1 g. These pseudocereals have a great possibility of niches organic products with
high nutritional and healthy value, suitable to diabetics and people with celiac disease, and
prohibited milk proteins, etc. In comparison with cereals, grains of these pseudocereals are
gluten free food, suitable for people with celiac disease, with higher protein content and their
rich amino acid composition, rich in fibers, polisaturated (gamma) fatty acids incl. squalene in
amaranths and minerals, etc. (Table 3), however composition depends also on milling fractions
and food processing. All three pseudocereals are rich in lysine (the first limiting essential amino
acid in cereals); quinoa also in histidine, isoleucine and metionine + cystine, its’ consumption
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temperatures exceeding 24oC cease pollination and stop growth due to short day-length in
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less than 50 g of grain per adults’ daily need, it is also ideal reference of essential amino acid
pattern for children according to FAO/WHO/UNO standards (except for valine); amaranths
are a substitute for meat meals, especially due to rich content of methionine, cisteine and
arginine [45, 36]. For those mixtures with cereals supports balanced meals in amino acid
composition, especially for vegetarians.

Buckwheat Amaranth Quinoa

Seed Groatb Dark floura White floura Variation Averagef (variation)

Protein 11-15,12.3a 16.8 14.1 6.4 13.3c-17.9d 14.7 (9.6-22.1)

Starch 73.3a 67.8 68.6 79.5 62g 58.2 (46.9-77.4)

Fat 2.3a 11 3.5 1.2 5.1-7.7 7.2 (1.8-8.2)

Fibre 10.9a 0.6 8.3 0.5 8 g 6.4 (1.1-13.4)

Ash 2.1a 2.2 1.8 0.9 3 g 3.4 (2.4-9.7)

Sources: a [47], b [48], c [46], d[49], f average data from Fleming and Galwey [50], g[39].

Table 3. Nutritional composition of pseudocereals (% of dry matter)

Buckwheat Quinoa Amaranths

Production

Origin of utilizationa Asia, highlands Andes mountains South America

Main producers
Russia, China, USA,

Japan, EUb
Peru, Bolivia, Argentinac USA, Peru, Boliviab

Yield (kg grain ha-1) - approximate 800-1000b
400-1200b,

640-920c
400b-1500a

minimum, maximum 500-2200b 435-6591b 10d-4000, 5000b

Requirements

Growing season (days) 100 120-240e, 140f
105-160b, 150f

90g,h-100h

Min. germination temperature (°C) 7f 5f-7b 12, 15i

Frost resistance to (°C) -1f, (-1.3 to -2.9)j -3 do -15k 0

Temperature stop assimilation (°C) 10 8 15

Transpiration coefficient (kg water kg-1 of dry

plant matter)
500-600b 400 200-333k

Sources: a [35], b [36], c[37], d [38], f [39], g [40], h [41], i[42], k[43], j[44], k[45]
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In addition pseudocereals are characterized by many health-important substances like
antioxidants – flavonoids: rutin, isovitexin, etc., flavones, phytosterols, fagopyrins and
thiamine binding proteins and prebiotic activity in buckwheat. Consumption of buckwheat
can improve diabetes, obesity, hypercholesterolemia, constipation as well as reduce blood
pressure and cellular proliferation. The most important component in amaranths is squalene,
which affected synthesis of cholesterol, possesses antisclerotic properties and may be used in
the prophylaxis against cancer (see references in Bavec and Bavec[36]. From quinoa grains
leached bitter saponins represent natural substances used in organic detergents, soaps,
shampoos, cosmetics, etc.; the high-growth cultivars of amaranth are suitable for energetic
purposes.

Among pseudocereals buckwheat is the most weed resistant crop which results from its fast
development in early growth stages and might due to allelopathy [51].

In buckwheat do not exist disease and pest infestation, which might cause economically
important damages, except emerging plants by nematodes. Also quinoa and amaranths should
not require special pest and disease control. But several species of cosmopolitan polyphagos
pests (e.g., Agrotis ipsilon Hufnagel, Lepidoptera: nuctuidae) may cause economic losses. Some
of widespread pests endemic to the Andean region may cause up to 50% loss of yield in quinoa,
especially two species of moths (Eursacca quinoae Povolyny, E. melanocampta Meyrick) [52].
Emerging plants may also be damaged by flea beatles and caterpillars. Diseases caused by
Peronospora sp., Sclerotinium sp., Phoma sp., Botrytis sp, and Pseudomonas sp. may have an
influence on yielding of quinoa. However, viruses found on spinach or beets have been
observed also in quinoa fields.

2.2. Position in rotation

Because of previously mentioned plant diseases and possible polyphagous pests which could
appear, and increase of weeds, each pseudocereal may not be planted again on the same field
for at least 3 years; 5-6 years is suggested in organic farming. A negative consequence of
incorrect buckwheat crop rotation is also increased occurrence of necrosis and the appearance
of some disease signs, especially root diseases caused by Gaeumannomyces sp. In spite of
amaranths, quinoa seeds also do not exhibit dormancy and they germinate when conditions
are suitable; the plant itself though, in wild form, may remain in soil for 2 to 3 years without
germinating.

According to different requirements about nitrogen needs in amaranths (high nitrogen
accumulative C4 plant), recommended rest of available nitrogen (after precrop and/or addi‐
tional fertilization with organic manure) is high in comparison with buckwheat, due to lodging
in the case of high value of available nitrogen in the soil [36]. However, suitable precrops crops
are cereals, grain legumes and perennial legumes. Buckwheat appears as a very suitable
precrop for fiber flax due to its strong competitive strength against cough-grass and dicoty‐
ledonous weeds. Considering its shorter growth season can be used as stubble crop after early
harvested previous crops (early potatoes, barley, crop-legumes mixtures for green feeding).
Because amaranths and quinoa growth slowly than buckwheat during early growth stages,
the field in quinoa, and especially in amaranths, must be free of weed competition, for those
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less than 50 g of grain per adults’ daily need, it is also ideal reference of essential amino acid
pattern for children according to FAO/WHO/UNO standards (except for valine); amaranths
are a substitute for meat meals, especially due to rich content of methionine, cisteine and
arginine [45, 36]. For those mixtures with cereals supports balanced meals in amino acid
composition, especially for vegetarians.
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thiamine binding proteins and prebiotic activity in buckwheat. Consumption of buckwheat
can improve diabetes, obesity, hypercholesterolemia, constipation as well as reduce blood
pressure and cellular proliferation. The most important component in amaranths is squalene,
which affected synthesis of cholesterol, possesses antisclerotic properties and may be used in
the prophylaxis against cancer (see references in Bavec and Bavec[36]. From quinoa grains
leached bitter saponins represent natural substances used in organic detergents, soaps,
shampoos, cosmetics, etc.; the high-growth cultivars of amaranth are suitable for energetic
purposes.

Among pseudocereals buckwheat is the most weed resistant crop which results from its fast
development in early growth stages and might due to allelopathy [51].

In buckwheat do not exist disease and pest infestation, which might cause economically
important damages, except emerging plants by nematodes. Also quinoa and amaranths should
not require special pest and disease control. But several species of cosmopolitan polyphagos
pests (e.g., Agrotis ipsilon Hufnagel, Lepidoptera: nuctuidae) may cause economic losses. Some
of widespread pests endemic to the Andean region may cause up to 50% loss of yield in quinoa,
especially two species of moths (Eursacca quinoae Povolyny, E. melanocampta Meyrick) [52].
Emerging plants may also be damaged by flea beatles and caterpillars. Diseases caused by
Peronospora sp., Sclerotinium sp., Phoma sp., Botrytis sp, and Pseudomonas sp. may have an
influence on yielding of quinoa. However, viruses found on spinach or beets have been
observed also in quinoa fields.

2.2. Position in rotation

Because of previously mentioned plant diseases and possible polyphagous pests which could
appear, and increase of weeds, each pseudocereal may not be planted again on the same field
for at least 3 years; 5-6 years is suggested in organic farming. A negative consequence of
incorrect buckwheat crop rotation is also increased occurrence of necrosis and the appearance
of some disease signs, especially root diseases caused by Gaeumannomyces sp. In spite of
amaranths, quinoa seeds also do not exhibit dormancy and they germinate when conditions
are suitable; the plant itself though, in wild form, may remain in soil for 2 to 3 years without
germinating.

According to different requirements about nitrogen needs in amaranths (high nitrogen
accumulative C4 plant), recommended rest of available nitrogen (after precrop and/or addi‐
tional fertilization with organic manure) is high in comparison with buckwheat, due to lodging
in the case of high value of available nitrogen in the soil [36]. However, suitable precrops crops
are cereals, grain legumes and perennial legumes. Buckwheat appears as a very suitable
precrop for fiber flax due to its strong competitive strength against cough-grass and dicoty‐
ledonous weeds. Considering its shorter growth season can be used as stubble crop after early
harvested previous crops (early potatoes, barley, crop-legumes mixtures for green feeding).
Because amaranths and quinoa growth slowly than buckwheat during early growth stages,
the field in quinoa, and especially in amaranths, must be free of weed competition, for those
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precrop must suppressed the weeds. Buckwheat, sown as crop, cover crops or for green
manure, may produce allelophatic substances that could inhibit weeds [51] and also follows
crop in rotation.

2.3. Crop management

Species and varieties selection

In common buckwheat exist more than 4500 different varieties and land race populations, but
in every climate special attention should be given to choosing appropriate cultivars, because
of different photoperiodical reactions.

From more than 60 wild species of genus Amaranthus, four of them were selected like grain
amaranths. They are different among each others in germination [42], growth, habitus,
inflorescence, ripening and seed colour [53].

The genus Chenopodium consists of 150 species, classified into 16 sections. Few plants from
section Chenopodium are used for human consumption. Quinoa is the most important species
from genus Chenopodium. In the first stage, cultivated genotypes originated from 6 ecotypes
and 4 plant populations from different regions [36]. Also in amaranths and quinoa introduction
of new cultivars must based on previous analyses of trials results in every new climate.

Fertilization

Pseudocereals requirements for nutrients need vary from low to very high. Organic fertilizers
that are left over from the preceding crop or given stable manure in autumn provide adequate
yielding in the organic production system. Modest available level of nutrients results in low
yields, except in case of some heavy metals in amaranths (important remediate plant), and Ca-
bound phosphorus in buckwheat, which efficiency might be influenced by acidify of the
rhizosphere [54] compared to spring wheat. In buckwheat in case of more than 20 g NO3-N
kg–1dry soil to the depth of 0.3 m fertilization with nitrogen manure is not allowed, due to
possible lodging problems; it should instead be used for the previous crop in the crop rotation
[36]. Although amaranth yield is responsive to available nitrogen in the soil like maize, but a
high level of available nitrogen can negatively affect grain harvest in terms of increased
lodging, and delayed crop maturity [55]. Nitrogen application up to an Nmin target value of
140kg N ha-1 raised protein concentration in grain of amaranths, and maintained the content
of essential amino acids in protein. Essential amino acids in grain fertilized to the target value
140 kg N ha-1 was higher (397 g kg-1) than the standard requirement for preschool children (339
g kg-1). Among essential amino acids, only valine concentration responded to nitrogen supply.
Leucine was the limiting amino acid in grain protein [56, 57]. In quinoa, compensation is
suggested by organic fertilizers at an application rate of about 120 kg of N ha–1 [58] for the
expected enhancement of grain yield.

Sowing

Buckwheat is often sown as stubble crop, amaranths and quinoa are main crops. Different
sowing methods, including sowing rates variy among buckwheat (mainly suggested 200 – 300;
row spacing is from 12.5 to 25 cm, sowing depth is about 2-3 cm, sowing rate is 1,0 1,5 mil.
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seeds, i.e. 40-60 kg per ha. Late sowing, for example on weedy fields, is recommended to be
done using closer row spacing and higher sowing rates. Greenhouse experimental data in
quinoa showed that optimal plant populations varies from 30 plants m–2 [58] to an optimal
plant population of 140 plants m–2 [59], to 200 plants m–2 in the 2.3 field trials (Jacobsen et al.,
2005) with interrow spacing 0.4 to 0.8 m. In amaranths 0.12 to 08 m interrow spacing, 150 to
200 seeds m-2 and final plant population about 40 plants m-2. From variable data we can stress
that in A. cruentus cultivars would be recommended above 30-cm row spacing and populations
of 74000 and 272000 plants ha–1 [40].

Yields of A. cruentus cv. 'G6' were affected by growing season and date of sowing. There was
a higher protein content (165 g kg-1) and lower (39.3 g kg-1) in grain of plants sown in May and
June, respectively [57].

Harvesting, post-harvest treatments and stocking

According to botanical distinction harvesting, postharvest techology and food processing [60]
vary in comparison with cereals, except seeding machines, harvesters and mills in buckwheat.
Buckwheat is harvested when about 75% of the seeds have reached ripeness, in quinoa when
at the maturity stage, plants become lighter and more yellow, and the leaves fall off and in
amaranths the appropriate harvesting period is indicated by the yellowing of bottom leaves
and dry seed [36]. After harvesting, which can be done with special adaptation of cereals or
clover threshers, must follow immediate winnowing, after-drying to 10-12% water content and
placing in a slot-floor storages equipped with an air ventilation system. Storage facilities must
be dry and airy.

2.4. Labour use and economics

Pseudocereals as low input crops (labor, fertilizers) have a petty differences between yield in
conventional and organic farming system, where production should be more profitable
according to higher prices of organic products.

3. Conclusions

Cereals and maize are the most important food and fodder crops also in organic farming, they
are essential rotation crops, as long as they are not taking up more than 50% of the crops in
the rotation. Cereals are more suitable for cool and humid climates than maize, due to the slow
initial growth caused by low temperatures and less expressed weed competition. Well
structured soils and enough available nutrients in the soil based on crop rotation and inputs
of organic manures, and systematic use of other preventive and corrective measures for pest,
disease, and weed control will contribute to stabilization of yield at about 80-90% in compar‐
ison with conventional crops, depending on climate and soil type. Using organic price
premiums for organic crops, net incomes from organic cereals and maize are higher than those
of their conventional counterparts.
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from genus Chenopodium. In the first stage, cultivated genotypes originated from 6 ecotypes
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yields, except in case of some heavy metals in amaranths (important remediate plant), and Ca-
bound phosphorus in buckwheat, which efficiency might be influenced by acidify of the
rhizosphere [54] compared to spring wheat. In buckwheat in case of more than 20 g NO3-N
kg–1dry soil to the depth of 0.3 m fertilization with nitrogen manure is not allowed, due to
possible lodging problems; it should instead be used for the previous crop in the crop rotation
[36]. Although amaranth yield is responsive to available nitrogen in the soil like maize, but a
high level of available nitrogen can negatively affect grain harvest in terms of increased
lodging, and delayed crop maturity [55]. Nitrogen application up to an Nmin target value of
140kg N ha-1 raised protein concentration in grain of amaranths, and maintained the content
of essential amino acids in protein. Essential amino acids in grain fertilized to the target value
140 kg N ha-1 was higher (397 g kg-1) than the standard requirement for preschool children (339
g kg-1). Among essential amino acids, only valine concentration responded to nitrogen supply.
Leucine was the limiting amino acid in grain protein [56, 57]. In quinoa, compensation is
suggested by organic fertilizers at an application rate of about 120 kg of N ha–1 [58] for the
expected enhancement of grain yield.

Sowing

Buckwheat is often sown as stubble crop, amaranths and quinoa are main crops. Different
sowing methods, including sowing rates variy among buckwheat (mainly suggested 200 – 300;
row spacing is from 12.5 to 25 cm, sowing depth is about 2-3 cm, sowing rate is 1,0 1,5 mil.
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seeds, i.e. 40-60 kg per ha. Late sowing, for example on weedy fields, is recommended to be
done using closer row spacing and higher sowing rates. Greenhouse experimental data in
quinoa showed that optimal plant populations varies from 30 plants m–2 [58] to an optimal
plant population of 140 plants m–2 [59], to 200 plants m–2 in the 2.3 field trials (Jacobsen et al.,
2005) with interrow spacing 0.4 to 0.8 m. In amaranths 0.12 to 08 m interrow spacing, 150 to
200 seeds m-2 and final plant population about 40 plants m-2. From variable data we can stress
that in A. cruentus cultivars would be recommended above 30-cm row spacing and populations
of 74000 and 272000 plants ha–1 [40].

Yields of A. cruentus cv. 'G6' were affected by growing season and date of sowing. There was
a higher protein content (165 g kg-1) and lower (39.3 g kg-1) in grain of plants sown in May and
June, respectively [57].

Harvesting, post-harvest treatments and stocking

According to botanical distinction harvesting, postharvest techology and food processing [60]
vary in comparison with cereals, except seeding machines, harvesters and mills in buckwheat.
Buckwheat is harvested when about 75% of the seeds have reached ripeness, in quinoa when
at the maturity stage, plants become lighter and more yellow, and the leaves fall off and in
amaranths the appropriate harvesting period is indicated by the yellowing of bottom leaves
and dry seed [36]. After harvesting, which can be done with special adaptation of cereals or
clover threshers, must follow immediate winnowing, after-drying to 10-12% water content and
placing in a slot-floor storages equipped with an air ventilation system. Storage facilities must
be dry and airy.

2.4. Labour use and economics

Pseudocereals as low input crops (labor, fertilizers) have a petty differences between yield in
conventional and organic farming system, where production should be more profitable
according to higher prices of organic products.

3. Conclusions

Cereals and maize are the most important food and fodder crops also in organic farming, they
are essential rotation crops, as long as they are not taking up more than 50% of the crops in
the rotation. Cereals are more suitable for cool and humid climates than maize, due to the slow
initial growth caused by low temperatures and less expressed weed competition. Well
structured soils and enough available nutrients in the soil based on crop rotation and inputs
of organic manures, and systematic use of other preventive and corrective measures for pest,
disease, and weed control will contribute to stabilization of yield at about 80-90% in compar‐
ison with conventional crops, depending on climate and soil type. Using organic price
premiums for organic crops, net incomes from organic cereals and maize are higher than those
of their conventional counterparts.
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Buckwheat, grain amaranths and quinoa are very suitable crops for organic farming, especially
for small scale farms. They extend agro-biodiversity and range of niches organic products, also
for special uses. For an effective production selection of varieties and appropriate growing
conditions should be studied and knowledge of post harvest technology and food processing
must be detailed and up to dated.
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1. Introduction

In the nature, there is no viable ecosystem that can work without any negative feedback. Any
interference with the system does not affect only in one way but it necessarily evokes another
often unpredictable reactions. In Europe these days, there are quite natural self-regulating
systems with closed energy flows rather exceptionally. This is due to a significant environment
disturbance by humans. In terms of area, the main human activity interfering in natural
ecosystems was agriculture.

Agroecosystems are tightly connected with more natural, respectively near natural ecosys‐
tems. The mutual relationship is bidirectional (nutrient, organism and energy flows, impact
on microclimate). In terms of ecological stability, agroecosystems show all disadvantages of
juvenile (immature) ecosystems.

Some of the agroecosystem characteristics are:

• additional external energy inputs,

• significantly reduced biodiversity,

• artificial support (selection) of dominant production species,

• juvenile stage of succession (anthropogenic disclimax),

• reduction even paralysing of self-regulatory processes,

• significantly reduced degree of environmental stability

• irreversible degradation processes occurrence

Under the European conditions, there were historically evolved the mixed, commercially
oriented, permanent, mechanized systems with high energy-material inputs, i.e. intensive
farming systems.

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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The external manifestation of the intensive agroecosystem is a high degree of landscape
urbanization (natural vegetation suppression, sharp land boundaries, the amount of built-up
areas, etc.). At the field level, the typical feature is the stand uniformity, inability to self-
regulation, often poor ability to environmental adaptation, permanent soil erosion and the
need to control other material and energy inputs. Intensive agroecosystems represent a
significant spatial landscape heterogeneity reduction and the corresponding species diversity
decline.

In real-life working, the intensification is achieved in many ways which are often combined.
In particular, the production is narrowly specialised (the number of cultivated plant species
is decreasing to monocultures, with livestock, the specialization goes down to level of
individual category breeding with no ties to the land and crop production).

Significant intensification factors are concentration (production organisms density increase in
time and space), step land use (multistorey stables), high degree of mechanization even
technological processes automation, intensive use of additional chemical inputs, energy and
information.

Highly intensive mechanized system is becoming completely dependent on external inputs
(machinery, fuel, chemicals, seeds). High external energy-material inputs strongly reduce the
systems energy efficiency. The ratio of energy input to energy gained from the crop is up to
3:1 while with non-intensive systems, it is 1:20 and more. Within highly intensive mechanized
livestock production system, the energy balance is even less effective. However, these systems
are very effective in the short term in terms of labour productivity and land utilization.

On the contrary, extensive (low input) farming systems have almost the opposite characteris‐
tics. Their main feature is the external input reduction. Extensive agroecosystems are charac‐
terized by lower energy and material flows per a unit of area and usually higher diversity, less
need for external intervention and greater stability and self-regulatory abilities. They signifi‐
cantly contribute to the conservation of natural resources. Lower inputs can be compensated
by a quality management. Reducing inputs usually brings an agroecosystem production
capacity reduction. Lower yields can be realized at a lower cost without a significant profit
reduction.

In the world, there are extensive farming systems on 80% of the area and on 20%, there are
intensive farming systems. The general trend is the increasing agricultural production
intensification in many developing countries (China, Brazil, Russia,...) and chemical inputs
reduction, respectively their substitution by biological or rational means in developed
countries, especially in the EU. Due to the growing human population and its demands on
sufficient of varied and quality food, a certain degree of agroecosystems intensification is
necessary. However, it is crucial that agroecosystems have a sustainable character.

According to the simple OECD definition, for sustainable agroecosystems, there can be
considered those that meet the needs of these days and do not limit the future generation. The
following definition is more precise: "Sustainable agroecosystems-agricultural and food systems are
economically viable, meet society's need for food assurance, while they retain and enhance natural
resources and environmental quality for future generations.“
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From the definition, it is clear that the sustainable agroecosystem does not carry only the
function of food and row material production. The organic farming system is focused on the
homogenization of landscape production and non-production functions, where the emphasis
is laid on environmental aspects. These include in particular:

1. Maintenance and improvement of soil fertility.

2. Nutrients recirculation and a prevention of the entry of extraneous substance into
agroecosystem.

3. Water management in landscape and its protection against contamination.

4. Air quality improvement and greenhouse gas emission reduction.

5. Genetic resources protection and biodiversity maintenance.

6. Preservation of landscape features and their harmonization.

7. Efficient use of energy, focusing on renewable resources.

8. Optimization of life for all organisms, including humans.

Organic farming is based on the principles of sustainable farming and therefore it is a model
for the sustainable agroecosystems establishment.
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Picture 1: Impact of market-oriented production on relationships in agroecosystem [54]. 
 
1.1 Soil environment 

 Soil is one of the most important natural resources and plays a key role in agriculture. Healthy soil is essential for growth 
and evolution of healthy plants. In addition to the production function, the soil has many other functions such as filtering, buffering, 
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There are following positive changes within organic farming: 
a) soil organic matter (up to 30% higher organic carbon content), 
b) increased soil biological activity (by 30-100 %), biomass decomposition indicator, 
c) higher total edaphon biomass (by 50-80 %), 
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Scheme 1. Impact of market-oriented production on relationships in agroecosystem [54].
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is laid on environmental aspects. These include in particular:

1. Maintenance and improvement of soil fertility.

2. Nutrients recirculation and a prevention of the entry of extraneous substance into
agroecosystem.

3. Water management in landscape and its protection against contamination.

4. Air quality improvement and greenhouse gas emission reduction.

5. Genetic resources protection and biodiversity maintenance.

6. Preservation of landscape features and their harmonization.

7. Efficient use of energy, focusing on renewable resources.

8. Optimization of life for all organisms, including humans.

Organic farming is based on the principles of sustainable farming and therefore it is a model
for the sustainable agroecosystems establishment.
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1.1. Soil environment

Soil is one of the most important natural resources and plays a key role in agriculture. Healthy
soil is essential for growth and evolution of healthy plants. In addition to the production
function, the soil has many other functions such as filtering, buffering, transformation and it
is the environment for organisms and also its socio-economic function is not negligible.

There are following positive changes within organic farming:

a. soil organic matter (up to 30% higher organic carbon content),

b. increased soil biological activity (by 30-100 %), biomass decomposition indicator,

c. higher total edaphon biomass (by 50-80 %),

d. higher saprophytic fungi abundance, higher root colonization by mycorrhiza,

e. more efficient use of acceptable resources by soil microorganisms,

f. improved physical and chemical soil properties, soil structure,

g. improved hydroscopicity and erosion threat reduction

The soil organic matter research is mostly concentrated on the organic carbon content and its
changes during conversion to organic farming. Many studies have confirmed that areas under
organic cultivation have a higher organic carbon content as compared with areas under
conventional cultivation. However, in some researches, there was a higher decomposition of
organic matter such as within more intensive soil cultivation associated with mechanical weed
control. However, long-term experiments have confirmed the hypothesis that organic farming
methods better protected the soil organic matter. The research also points to a larger amount
of humic substances. An important factor in the soil organic matter protection is the minimum
soil cultivation. A properly designed crop structure, fertilizers, etc. are also important. A higher
supply of organic matter in the form of crop residues and organic fertilizers creates favourable
living conditions for soil fauna. The soil provides a habitat for a large number of various
organisms. The positive role of organisms consists mainly in organic matter decomposition
and inorganic substances transformation where nutrients are more accessible for plants and
where is also a synthesis of complex organic substances enriching humus reserves in the soil.
In organic farming, the key role for nitrogen plant nutrition is played by a symbiotic fixation
with papilionaceous plants. In the soil, there is also a nonsymbiotic fixation, e.g. by in-the-soil-
free-living heterotrophic aerobic bacteria. Rhizosphere is a zone where the main part of
nutrient cycle takes part due to the interaction between soil, roots and microorganisms
colonizing the plant root environment. In organically cultivated soils, [35] has observed by
40% more mycorrhiza than in soils within integrated farming.

Natural and active edaphon contributes to the protection of plant roots against parasite and
pathogen attack but also to degradation of toxic substances which enter the soil within the
chemical plant protection, environmental contamination from industry as well as metabolic
products of other organisms. The soil deterioration leads to a biodiversity reduction. Biological
degradation of soils is usually associated with their physical and chemical degradation.
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The soil liveliness is indicated by a number of indicators: An important role is played by
earthworms which are subjects of many studies precisely because of their sensitivity to the
soil  environment disturbance.  Organic  farming has up to  50% more biomass and abun‐
dance  of  earthworms  as  compared  to  integrated  farming,  greater  biodiversity  of  earth‐
worm species,  changes  in  the  population  composition  indicated  by  a  larger  number  of
juvenile earthworms. Earthworms are useful-they aerate and mix the soil, help with organic
matter decomposition [35].
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Scheme 2. Diagram of the soil ecosystem function (adapted according to [54])

An important indicator of the soil organic matter decomposition is the biological activity.
However, it is possible to state that changes on biological activity are slow and in many studies
comparing organic and conventional farming systems, there were no differences experienced.
Some changes (species diversity increase, biomass production decrease resp. yield decrease)
occur almost immediately, other (increase of natural soil fertility, soil organic matter content,
system stability) show up in the longer term.

On the other hand, the soil deterioration leads to a biodiversity reduction. Biological degra‐
dation of soils is usually associated with their physical and chemical degradation. The
biodiversity of soil microorganisms is reduced by an intensive cultivation through the use of
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In organic farming, the key role for nitrogen plant nutrition is played by a symbiotic fixation
with papilionaceous plants. In the soil, there is also a nonsymbiotic fixation, e.g. by in-the-soil-
free-living heterotrophic aerobic bacteria. Rhizosphere is a zone where the main part of
nutrient cycle takes part due to the interaction between soil, roots and microorganisms
colonizing the plant root environment. In organically cultivated soils, [35] has observed by
40% more mycorrhiza than in soils within integrated farming.
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pathogen attack but also to degradation of toxic substances which enter the soil within the
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products of other organisms. The soil deterioration leads to a biodiversity reduction. Biological
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An important indicator of the soil organic matter decomposition is the biological activity.
However, it is possible to state that changes on biological activity are slow and in many studies
comparing organic and conventional farming systems, there were no differences experienced.
Some changes (species diversity increase, biomass production decrease resp. yield decrease)
occur almost immediately, other (increase of natural soil fertility, soil organic matter content,
system stability) show up in the longer term.

On the other hand, the soil deterioration leads to a biodiversity reduction. Biological degra‐
dation of soils is usually associated with their physical and chemical degradation. The
biodiversity of soil microorganisms is reduced by an intensive cultivation through the use of
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mineral fertilizers and pesticides. Soils with low humus content and light soils are relatively
more sensitive.

A serious problem on large areas, especially of arable land, is a water and wind erosion.
Organic farming has a positive impact on its reduction thanks to the more diverse crop
rotations with a higher share of clover and grass-legume mixtures, a higher percentage of catch
crops and underseeding prolonging the soil cover over the year, a lower representation of
wide-row crops (e.g. corn), a more intensive organic fertilization and other factors. Neverthe‐
less, a danger of erosion can occur also in organic farming (and sometimes even more than in
conventionally cultivated areas) in particular, because of more frequent mechanical tillage or
slower plant development due to a lower mineral nitrogen content in the soil. Structural soils
are well more resistant to erosion [50]. When comparing particular factors, we find that
positives predominate.

A quality soil ecosystem should meet following criteria:

• water flowing out from the ecosystem should have such a purity that it is suitable for
drinking water treatment;

• growth of crops and their composition in terms of consumption should be at an acceptable
level;

• microbial processes in the soil should be natural, therefore, relationships between microbial
biomass, microbial activity and soil organic matter should be predictable;

• the soil should not contain potentially toxic chemicals (organic and inorganic) in concen‐
tration that should affect the previous criteria;

• physical soil properties should enable the normal function of the ecosystem.

1.2. Nutrient recirculation

In agricultural ecosystems, there can be the soil fertility increased by additional inputs such
as manure or fertilizer application. Plant nutrition within conventional farming is more
dependent on the input of nutrients in the slightly soluble form, predominantly from synthetic
fertilizers. A part of nutrients leaves the system as a loss. On the contrary, the natural ecosystem
fertility depends almost entirely on natural biological processes, i.e. nitrogen fixation and soil
organic matter mineralization. In organic farming, there is the concept of soil as a living system.
Therefore, the fertilization system is designed in order to respect natural nutrient cycle and
not to adversely affect complex biological processes which nutrient cycles are dependent on.
Organic approaches lead to a higher organic matter content in the soil while conventional
intensive farming on the arable land can lead to a reduction of this matter content. Assigning
of legumes and clover into crop rotations is of a considerable importance because of their
agromeliorative effect on the soil. The effect is manifested also on physical properties with an
effect on the soil bulk density, water holding capacity, increasing porosity, soil structure
stability, etc. The size of invertebrate organism population depends on the physical condition
of the soil. They usually require well aerated non-compacted soil with low density.
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A different system of fertilization in conventional and organic farming can have both a direct
and indirect effect on soil organisms. The direct effect is related to the composition and the
amount of applied fertilizers and the indirect effect is connected with changes of physical and
chemical soil properties.

One of the basic principles of organic farming is the most closed nutrient cycle, minimal
nutrient loss and limited nutrient supply to the system. In order to maintain the soil production
capacity, it is necessary to replace nutrients drawn from soil by harvests and lost nutrients by
biologically transformed organic matter in the soil. Regular supply of organic matter into the
soil is ensured by crops grown in order to enrich the soil with organic matter (clover, catch
crops for green manure), crop residues, residues of cultivated plant roots and manure. Soil
organic matter serves as a continuous reservoir of nutrients and energy for the soil environ‐
ment. It is also a factor of soil environment stabilization. Soil organic matter is a source of
nutrients for grown plants, source of energy for soil microorganisms, improves physical and
chemical soil properties, water regime, increases decontaminating and buffering soil capacity
and decreases nutrient losses washed away from soil, increases antiphytopathogenic soil
potential and strengthens the plant immune system.

Growing crops without mineral fertilizers is possible under following assumptions:

• consistent application of all manure

• direct application of recycled biomass and by-products into the soil

• compost production in compliance with the technological process

• use of uncontaminated nutrient resources

• use of peat and humic substances in order to improve habitat and nutritional status of crops

• use of indirect fertilizers containing nitrogen fixating bacteria (free-living in the soil,
rhizobia) or bacteria that access e.g. S, P, K and other nutrients form soil reserves.

The function of soil organisms is for transformation of organic matter in the soil irreplaceable.
In the initial stage of organic matter transformation, zooedaphon participates in the destruction
of crop residues and in the production of organomineral components. The transformation
proceeds on depending on organic matter composition, edaphon activity and environmental
conditions in terms of mineralization and humification. For the humus formation, there are
important root exudates, roots of perennial fodder plants, legumes, manure and compost and
dead residues of zooedaphon. A ready potential source of nutrients in the soil is the primary
organic matter, root exudates and manure. Crop residues alone cover mineralization losses of
about 50%.

Of the total amount of organic matter, less than 10% is humified. The increase of the amount
of permanent humus in the soil is a matter of long-term (tens to thousands of years). Water-
soluble carbohydrates decay fastest, cellulose, hemicellulose and protein decay average
rapidly and lignins and pectins are the slowest. The rate of decomposition of different organic
matter sources is greatly different. Sustainable land management system assumes a balanced
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budget of organic matter in the soil consisting in replacing mineralized organic matter by
inputs in the range of mineralization and losses.

Substance
Crop

corn alfalfa wheat

Water-soluble sugars 6.72 4.36 4.68

Hemicellulose and starch 42.61 14.85 23.30

Cellulose 23.29 32.25 42.12

Proteins 4.75 16.44 4.31

Lignin rest 18.27 29.60 23.00

Table 1. Chemical composition of crop residues (% dry matter).

1.3. Water in landscape

Disposal of pesticides and morforegulators from the organic farming system reduces signifi‐
cantly the contamination of the environment including surface-and groundwater by residues
of these substances. In the area of organically cultivated fields, there are surface water and
groundwater less contaminated with plant protection products. These substances harm also
to aquatic animals, even at low concentrations (below detection limit) [33].

Also the prohibition of use of slightly soluble synthetic nitrogen fertilizers in organic agroe‐
cosystems reduces significantly the load of surface-and groundwater by nitrates. Reduced
animal surface load of soil (limit for organic farming 1.5 LU/ha, optimum 0.4-1.0 LU/ha in
relation to site conditions), optimal manure use (method of treatment and storage, time and
rate of its application, higher use of green manure and liquid manure restrictions), appropriate
use of leguminous plants and atmospheric nitrogen bounded by them, appropriate crop
rotation and an effort to maximize the vegetation cover (catch crops and permanent crops),
soil conservation cultivation methods and erosion reduction and other impacts contribute to
this. Within organic farming, there are by 35-64% less nitrates washed away as compared to
conventional farming agricultural plants [53]. In 40 scientific publication comparing nitrate
leaching or a leaching potential analysed by [22], twenty eight stated lower values within the
organic farming system, nine issued comparable data and only in three cases, the nitrate
leaching respectively its potential were higher within organic farming than in conventional
one. Yet, there were two critical areas for potential water pollution recognized and studied
within organic farming. These are manure composting and farming with residual nitrogen
from leguminous plants. Storage and composting of manure on unpaved surfaces can cause
leakage and subsequent contamination of groundwater and surface water. A significant
leaching can also occur when the nitrogen source accumulated by leguminous plants is
inappropriately used, i.e. by ploughing alfalfa in autumn, followed by sowing crops with low
demands on soil nitrogen content [48].

Nutrients from intensively cultivated cropland load water due to overland flow. Within
organic farming, this risk is reduced by greater ruggedness of landscape, more extensive
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integration of landscape features as well as the crop diversity and their optimal distributing.
Marginal strips along water courses and reservoirs and protective grass strips on slopes make
buffering areas, limit overland flow and prevent erosion and expand biodiversity. Organic
farming is supposed to be the preferred farming system especially in the areas of water
resources conservation.

Organic farmers fertilize the soil in such way so not to pollute groundwater. Within organic
farming in addition to manure and liquid manure, there is green manure also used as fertilizer
and legumes are properly incorporated into the crop rotation. This reduces the leaching of
nitrogen into groundwater. As a result of leaching through the soil profile and due to erosion
and surface runoff, nitrates in water causes contamination of the hydrosphere and along with
phosphorus cause eutrophication [30]. Concurrently, there is a leaching of base cations (K+,
Ca2+) and thus the upper soil layer are depleted of these nutrients. Indirectly, this leads to
acidification. Due to leaching, several tens of kg N. ha-1. year-1 is normally lost [51]. Organi‐
cally cultivated areas provide better flood protection than conventional surfaces. The high
infiltration capacity of the soil with virgin structure may reduce the intensity of floods [49].

1.4. Air quality

Agricultural activities have not a negligible impact also on air quality. Organic farming as a
whole contributes to the creation of anthropogenic greenhouse gases with about 14% while
the ratio differentiates with particular countries according to the agricultural production
intensity. Due to its large area impact, agriculture belongs to the largest producers after
industry and mining. [14] state that agriculture contributes to annual increase of GHG
emissions with approximately one fifth. Even higher value is stated by [10], whose findings
report the proportion of 27%.However, with the increasing consumption of food and agricul‐
tural intensification, this percentage is rising. When adding pre-farming and post-farming
phases to the agricultural frame itself or quantifying food life cycle, the emission load is even
higher. This is mainly due to production of agrochemicals and processing of primary agricul‐
tural production. Moreover due to the increasing human population, agriculture will even
increase its pressure on the environment. There is constantly running the conversion of natural
habitats into agroecosystems and in parallel the intensification of farming on existing agricul‐
tural land. This is largely accompanied by other chemicalization of agriculture. The pressure
on increasing yields and the food consumption grow aggravate the share of agriculture of
emission load production. However in most cases, organic farming produces lower emission
load, not only in the field phase but also in the consequential phases.

Agriculture produces emissions in many ways. For example, CO2 is released during the
consumption of fossil fuels or within reduction of organic matter content in the soil. N20 is
released as a result of fertilizer application and within soil processes, CH4 from the digestive
tract of some livestock species. Especially in the crop production, the emission production is
influenced by the intensity and thus by the system of farming.

Organic farming has a number of tools which help to reduce emission loads (see tab. 2). [42]
in accordance with the IPCC fourth assessment report states as the optimal measures for
mitigation (reducing stress) in organic agriculture the following points:
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budget of organic matter in the soil consisting in replacing mineralized organic matter by
inputs in the range of mineralization and losses.

Substance
Crop
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Hemicellulose and starch 42.61 14.85 23.30

Cellulose 23.29 32.25 42.12

Proteins 4.75 16.44 4.31

Lignin rest 18.27 29.60 23.00

Table 1. Chemical composition of crop residues (% dry matter).
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Also the prohibition of use of slightly soluble synthetic nitrogen fertilizers in organic agroe‐
cosystems reduces significantly the load of surface-and groundwater by nitrates. Reduced
animal surface load of soil (limit for organic farming 1.5 LU/ha, optimum 0.4-1.0 LU/ha in
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industry and mining. [14] state that agriculture contributes to annual increase of GHG
emissions with approximately one fifth. Even higher value is stated by [10], whose findings
report the proportion of 27%.However, with the increasing consumption of food and agricul‐
tural intensification, this percentage is rising. When adding pre-farming and post-farming
phases to the agricultural frame itself or quantifying food life cycle, the emission load is even
higher. This is mainly due to production of agrochemicals and processing of primary agricul‐
tural production. Moreover due to the increasing human population, agriculture will even
increase its pressure on the environment. There is constantly running the conversion of natural
habitats into agroecosystems and in parallel the intensification of farming on existing agricul‐
tural land. This is largely accompanied by other chemicalization of agriculture. The pressure
on increasing yields and the food consumption grow aggravate the share of agriculture of
emission load production. However in most cases, organic farming produces lower emission
load, not only in the field phase but also in the consequential phases.

Agriculture produces emissions in many ways. For example, CO2 is released during the
consumption of fossil fuels or within reduction of organic matter content in the soil. N20 is
released as a result of fertilizer application and within soil processes, CH4 from the digestive
tract of some livestock species. Especially in the crop production, the emission production is
influenced by the intensity and thus by the system of farming.

Organic farming has a number of tools which help to reduce emission loads (see tab. 2). [42]
in accordance with the IPCC fourth assessment report states as the optimal measures for
mitigation (reducing stress) in organic agriculture the following points:
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• crop rotation and character of the agricultural system

• management of nutrients and fertilization

• livestock, improving the pasture utilization and fodder supply

• soil fertility management and restoration of degraded soil

Within the environmentally friendly approach, organic farming systems generally seek more
precisely to work with energy and to minimize inputs and to close the farm cycle as soon as
possible.This leads to a large emission reduction particularly due to the reduction of synthetic
nitrogen fertilizers whose production is among the largest producers of GHG emissions.
Thanks to the use of organic fertilizers and the inclusion of greater proportion of leguminous
plants in crop rotations, the organic farming can contribute significantly to the emission load
formation. Thanks to these measures, mainly N2O emissions are reduced, while the N2O is
identified as a major greenhouse gas and its effect on climate is often referred to as 300 times
greater as compared with the effect of CO2. Another positive aspect of organic farming in terms
of greenhouse gas emissions is the reduction of the number of animals per unit of area and
limitation of point load caused by high concentrations of animals in one place which is typical
for intensive industrial agriculture. Extensiveness of livestock production within organic
farming system leads to reduction of methane production and in addition leads to further
positive effects on soil and water quality, and in the broader context, also on biodiversity.

Measures Impact

Fertilization Using leguminous plants in crop rotations for the fixation of nitrogen and using organic

fertilizers replace the use of synthetic fertilizers and the capacity of the soil for carbon

sequestration is increased.

Protection against weeds Thanks to the emphasis on the structure of crop rotations, mechanical, biological and

other non-chemical methods of plant protection, the application of herbicides is

eliminated.

Protection against pests Thanks to the selection of resistant varieties, crop rotation edition, use of cover crops,

intercrops and undersowing and support of predators and antagonists, the use of

insecticides is reduced.

Protection against fungi and

mildew

Due to the cultivation of resistant varieties, changes of crop rotation structure, emphasis

on seed quality and the use of non-chemical methods of protection, the use of fungicides

is reduced or even eliminated.

Closed farm cycle Ensuring the maximum share of feed on the farm and the correct management of the

herd minimize the need to purchase feed.

Continuous soil cover Minimizing of periods without vegetation cover helps to increase the content of soil

organic matter and its decomposition which reduces the need for fertilization.

Table 2. Tools for reducing the emission load resulting from the specifics of organic farming (adapted according to
[34])
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In terms of reducing greenhouse gas emissions, the another benefit of organic farming is the
fact that organically cultivated arable land stores more carbon into humus. Thus the increase
in atmospheric CO2 is limited and this contributes to the climate stabilization. Binding of
carbon dioxide is significantly higher in a longer crop rotation with perennial legume-grass
mixture and with fertilization with manure. This is due to the increasing humus content in the
soil, longer green land cover with catch crops and more powerful root system of main crops
[45]. Rodale Institute's Farming Systems Trial states that the introduction of organic farming
nationwide in the USA would manage to reduce CO2 emissions by up to a quarter due to
increased carbon sequestration in soils [32]. Emissions of carbon dioxide from organic farms
is up to 50% lower per hectare. The balance of carbon dioxide is positively influenced by non-
use of synthetic nitrogen fertilizers and pesticides and also by low doses of phosphorus and
potassium, as well as low doses of grain fodder [41].

1.5. Biodiversity

The positive impact of organic farming on biodiversity is based on an effort to extend the range
of cultivated crops and livestock and thereby to increase a genetic, species and ecosystem
diversity. On this basis and on the basis of environmentally friendly agroecosystem manage‐
ment, the functional agrobiodiversity has increased. Growing biodiversity at all levels
(predators, parasites, wild plans, pollinators, soil fauna and flora…) supports the ecosystem
functions (population control, competition, allelopathy, organic matter decomposition,
nutrient sorption and their cycle…). It contributes to the agroecosystem stability and sustain‐
ability. It improves resistance of production organisms against harmful agents gradation and
contributes to their effective control, improves the nutrient utilization in agroecosystem and
reduces eutrophication. It contributes to the erosion reduction and improves the moisture use,
helps to increase diversity and abundance of wild flora and fauna in the landscape.

The high degree of diversity in the landscape, including agricultural land, can be caused by
either a variety of abiotic environment (e.g. altitude, height relief zoning, seat rock and soil
cover) or by disruption, disturbance caused by both natural interference processes and human
activities. In the landscape structure, we can distinguish large areas whose internal environ‐
ment a limited number of specialized species-"interior species" are bound to and smaller flats,
transition zones and various broad interfaces that generate a colourful environment with many
species corresponding to a diversity of ecosystems. On the edges of the fields of organic
farmers, there are by 25% more birds surveyed than within conventional farming-in autumn
and winter even 44% more [11]. They include both species characteristic of the individual
habitats-species from forest, field, meadow and species from marginal environments-"edge
species"-ecotone species that require more landscape elements for their existence. On the fields
in organic farming, there are more accompanying plant species grown, in the ground layer
20-400% more species of wild plants [28]. Among other things, many endangered species of
weeds as well [47].

Beneficial organisms prefer natural areas adjacent to the organic fields. Natural areas adjacent
to the organically cultivated areas significantly support more beneficial organisms (e.g. ground
beetles, spiders, wolf spiders-Lycosidae family and others for nature conservation significant
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farming system leads to reduction of methane production and in addition leads to further
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is reduced or even eliminated.

Closed farm cycle Ensuring the maximum share of feed on the farm and the correct management of the

herd minimize the need to purchase feed.
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organic matter and its decomposition which reduces the need for fertilization.
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in atmospheric CO2 is limited and this contributes to the climate stabilization. Binding of
carbon dioxide is significantly higher in a longer crop rotation with perennial legume-grass
mixture and with fertilization with manure. This is due to the increasing humus content in the
soil, longer green land cover with catch crops and more powerful root system of main crops
[45]. Rodale Institute's Farming Systems Trial states that the introduction of organic farming
nationwide in the USA would manage to reduce CO2 emissions by up to a quarter due to
increased carbon sequestration in soils [32]. Emissions of carbon dioxide from organic farms
is up to 50% lower per hectare. The balance of carbon dioxide is positively influenced by non-
use of synthetic nitrogen fertilizers and pesticides and also by low doses of phosphorus and
potassium, as well as low doses of grain fodder [41].

1.5. Biodiversity

The positive impact of organic farming on biodiversity is based on an effort to extend the range
of cultivated crops and livestock and thereby to increase a genetic, species and ecosystem
diversity. On this basis and on the basis of environmentally friendly agroecosystem manage‐
ment, the functional agrobiodiversity has increased. Growing biodiversity at all levels
(predators, parasites, wild plans, pollinators, soil fauna and flora…) supports the ecosystem
functions (population control, competition, allelopathy, organic matter decomposition,
nutrient sorption and their cycle…). It contributes to the agroecosystem stability and sustain‐
ability. It improves resistance of production organisms against harmful agents gradation and
contributes to their effective control, improves the nutrient utilization in agroecosystem and
reduces eutrophication. It contributes to the erosion reduction and improves the moisture use,
helps to increase diversity and abundance of wild flora and fauna in the landscape.

The high degree of diversity in the landscape, including agricultural land, can be caused by
either a variety of abiotic environment (e.g. altitude, height relief zoning, seat rock and soil
cover) or by disruption, disturbance caused by both natural interference processes and human
activities. In the landscape structure, we can distinguish large areas whose internal environ‐
ment a limited number of specialized species-"interior species" are bound to and smaller flats,
transition zones and various broad interfaces that generate a colourful environment with many
species corresponding to a diversity of ecosystems. On the edges of the fields of organic
farmers, there are by 25% more birds surveyed than within conventional farming-in autumn
and winter even 44% more [11]. They include both species characteristic of the individual
habitats-species from forest, field, meadow and species from marginal environments-"edge
species"-ecotone species that require more landscape elements for their existence. On the fields
in organic farming, there are more accompanying plant species grown, in the ground layer
20-400% more species of wild plants [28]. Among other things, many endangered species of
weeds as well [47].

Beneficial organisms prefer natural areas adjacent to the organic fields. Natural areas adjacent
to the organically cultivated areas significantly support more beneficial organisms (e.g. ground
beetles, spiders, wolf spiders-Lycosidae family and others for nature conservation significant
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fauna species) than the natural areas adjacent to the integrated areas or areas under the
extensive farming [44]. In 41 of 45 studies, the number of earthworms, ground beetles, spiders
(especially the Wolf spiders) and birds in the cultural landscape was significantly higher in
organically cultivated areas than in the conventional ones. In four cases, there was no difference
experienced [43].

The high degree of biodiversity reduces the population of rare species in the inner zones, increases the
population of species in the border zones and of animals that require more landscape elements. From
this, we can deduce that the right long-term agroecosystem function is directly proportional to the degree
of biodiversity and the appropriate degree of stability of the area as a whole.

There are many factors driving agrobiodiversity such as crop range widening (broad crop
rotation, specific or varietal mixtures, catch crops, cover crops, intercropping…), supply of
organic matter into soil (manure, green manure, perennial crops), optimal fertilization, plant
nutrition and protection, soil conservation technologies (direct drilling, mineralization of soil
cultivation…) as well as the landscape feature creation (cops, alleys, strip planting, land
division…). Areas within organic farming are more diverse (heterogeneous). Organic farmers
farm on smaller fields with a greater proportion of green areas and a greater number of plant
species. There are also more hedgerows in the organic farm.

In the organically cultivated farms, there are more than 85% greater number of plant species,
a third more bats and there live about 17% more spiders and 5% more bird species [20, 23]. On
the organic field, there are for example nine times more species of plants and accompanying
weeds growing, there live 15% more ground beetles and 25% more earthworms than in the
fields within integrated farming [35]. Greater variety of plants, hedges, grassy field margins,
smaller areas of land, smaller corn ear density, area gardening, stubble and green soil cover in
winter create favourable conditions for e.g. skylark. Already after one year of transitional
period, the number of skylark nests has doubled. Nesting swallows and birds of prey also give
priority to food from organic areas. In autumn and in winter, there were significantly more
seeds and insects for songbirds and also more food for birds of prey found on organically
cultivated fields [24].

2. Effect of farming system on greenhouse gas emissions

Among the positive externalities of organic farming belongs its environmental friendliness.
This is also evident in the ability to produce less greenhouse gas emissions as compared to
conventional intensive farming systems. In order to compare different farming systems more
accurately, it is necessary to make a comprehensive analysis of materially energy flows within
them and to quantify their impact on the environment. There can be used for example the LCA
analysis (Life Cycle Assessment).

LCA analysis is a tool that enable to assess environmental impacts via the product life cycle.
Within its framework, we can include also social and economic aspects but the main focus is
on the environmental component. It is also an invaluable tool in the assessment of greenhouse
gas emissions related to product formation [18].
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The LCA study consists of four basic stages: Definition of objectives and the scope, Inventory,
Impact assessment and Interpretation [27]. According to [29], in the first step when imple‐
menting the LCA methodology (goal setting), the reason for carrying out the method is
specified. Life cycle inventory consists in simulating of a product system. Based on the
knowledge of the life cycle of the product under consideration and on the basis of previously
set system boundaries, there are first all involved processes and their inputs and outputs
identified. Connecting processes with adequate energy and material flows into a functional
complex, we obtain a product system diagram [26]. In essence, it is a qualitative and quanti‐
tative inventory of all inputs and outputs connecting the monitored system with the environ‐
ment or the collection of the necessary primary data and an assessment of their quality, i.e.
authenticity, reproducibility, transparency and confidentiality [29].

The aim of the life cycle impact assessment is to measurably compare the environmental
impacts of product systems and to compare their severity with new quantifiable variables
identified as impact category [27]. It is basically a qualitative and quantitative assessment of
all negative effects that may be caused in the environment by influences collectively specified
in the inventory matrix [46]. In the interpretation phase, outputs of LCA analysis are described.
During the inventory phase and the phase of impact assessment, there were made some certain
estimates, assumptions and judgements how to continue with the study. There have been some
simplifications and approximations adopted. All of these elements must be included in the
interpretation phase and must always be set next to the result presentation [27].

For the correct execution of the LCA analysis, it is important to determine the boundaries
within which the particular life cycle processes will be monitored. Determination of system
boundaries is always a very important step, especially in the area of food production and
agriculture, where the clearly identifiable technological processes and systems meet the
natural processes and procedures influenced by a number of factors [2, 3].

Each product system consists of a variable number of processes involved in the product life
cycle. However, the product under consideration is often related to other processes that may
no longer be important for the LCA study. The system boundary serves to the separation of
essential and non-essential processes of the product life cycle. Since the choice of system
boundaries significantly affects LCA study outcomes and in addition, its intensity and
complexity, system boundaries should always be well considered and clearly defined. The
choice of system boundaries is carried out with regard to the studied processes, studied
environmental impacts and selected complexity of the study.

Not-including any life cycle stages, processes or data must be logically reasoned and clearly
explained [26].

When comparing conventional and organic farming systems, we can also omit the calculation
of load from buildings and infrastructure because there are only small differences between
farming systems while slightly more noticeable difference is apparent within animal produc‐
tion [40]. The reduction of processes under consideration can be made also on the basis of their
presumed significance. The assessment can skip those processes, whose overall impact consists
totally of only a negligible share, for example of only several percent. These processes can be
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winter create favourable conditions for e.g. skylark. Already after one year of transitional
period, the number of skylark nests has doubled. Nesting swallows and birds of prey also give
priority to food from organic areas. In autumn and in winter, there were significantly more
seeds and insects for songbirds and also more food for birds of prey found on organically
cultivated fields [24].

2. Effect of farming system on greenhouse gas emissions

Among the positive externalities of organic farming belongs its environmental friendliness.
This is also evident in the ability to produce less greenhouse gas emissions as compared to
conventional intensive farming systems. In order to compare different farming systems more
accurately, it is necessary to make a comprehensive analysis of materially energy flows within
them and to quantify their impact on the environment. There can be used for example the LCA
analysis (Life Cycle Assessment).

LCA analysis is a tool that enable to assess environmental impacts via the product life cycle.
Within its framework, we can include also social and economic aspects but the main focus is
on the environmental component. It is also an invaluable tool in the assessment of greenhouse
gas emissions related to product formation [18].
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complex, we obtain a product system diagram [26]. In essence, it is a qualitative and quanti‐
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ment or the collection of the necessary primary data and an assessment of their quality, i.e.
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The aim of the life cycle impact assessment is to measurably compare the environmental
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all negative effects that may be caused in the environment by influences collectively specified
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simplifications and approximations adopted. All of these elements must be included in the
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For the correct execution of the LCA analysis, it is important to determine the boundaries
within which the particular life cycle processes will be monitored. Determination of system
boundaries is always a very important step, especially in the area of food production and
agriculture, where the clearly identifiable technological processes and systems meet the
natural processes and procedures influenced by a number of factors [2, 3].

Each product system consists of a variable number of processes involved in the product life
cycle. However, the product under consideration is often related to other processes that may
no longer be important for the LCA study. The system boundary serves to the separation of
essential and non-essential processes of the product life cycle. Since the choice of system
boundaries significantly affects LCA study outcomes and in addition, its intensity and
complexity, system boundaries should always be well considered and clearly defined. The
choice of system boundaries is carried out with regard to the studied processes, studied
environmental impacts and selected complexity of the study.

Not-including any life cycle stages, processes or data must be logically reasoned and clearly
explained [26].

When comparing conventional and organic farming systems, we can also omit the calculation
of load from buildings and infrastructure because there are only small differences between
farming systems while slightly more noticeable difference is apparent within animal produc‐
tion [40]. The reduction of processes under consideration can be made also on the basis of their
presumed significance. The assessment can skip those processes, whose overall impact consists
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identified for example based on a comparison of similar studies or expert estimation but in
this process it is always necessary to take into account the specifics of the particular situation.
If the process significance is set incorrectly, this could have a rough influence on the results of
the whole analysis.

Scheme 3. Example of setting the boundaries of the system within LCA analysis [37]

To compare products (systems), it is necessary to define also the functional unit. The functional
unit is described as a quantified performance of a product system which serves as a reference
unit in a study of life cycle assessment [13]. It is an essential element which all study results
are related to. It must be chosen so as to be easily expressible and measurable. The functional
unit is the starting point for searching for alternative ways how to fulfil the function with a
lower negative impact on the environment [55]. [1] states that the determination of functional
units is as a crucial step especially when comparing systems with different levels of production
per hectare such as conventional and organic farming system. [15] recommends to involve
both functional units into calculations and perform the calculations for both the unit area and
the unit of production. The impact of organic system on the mitigation is usually measured
per unit area in order to enhance the objectivity. However, it is important to convert it also to
the production unit. Greenhouse gas emissions are lower in organic systems per unit area but
also per unit of production. However, environmental savings per unit area are due to lower
yields within organic farming roughly double as compared with the calculation per unit of
production [40]. [25] also states that due to lower yields within organic farming in the calcu‐
lation of GHG emissions per unit of production, the environmental load increases in relation
to conventional farming, so the resulting difference is less than when converted to the unit
area. This is consistent with findings of [36] who states that due to lower yields in organic
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farming, particularly in less developed countries, the environmental effect consisting in the
reduction of greenhouse gas emissions is lower when converted to unit of production instead
of unit area and in extreme cases, it can even be negative. However, for both methods of
calculation for most crops, the greenhouse gas emissions production within organic farming
remains lower [38].

Greenhouse gas emissions are expressed in relation to their effect on climate changes by an
equivalent of CO2e (CO2e=1x CO2+23x CH4+298x N2O). Within various subphases of agricul‐
tural production cycle, the emission load of conventional and organic farming differs. For
example in the agrotechnical phase with most cultivated crops, the higher emission load per
one kilogram of production occurs within the organic farming system. However, it is usually
more than satisfactorily compensated by the absence of synthetic fertilizers (especially
nitrogen) which are, in terms of emission production, the most loading element. The way of
fertilization is directly related to field emissions which are lower in organic farming and there
are some savings also due to the absence of pesticide use. To sum up, organic farming produces
lower GHG emissions within cultivation of most crops and in some cases, there are very
fundamental differences (e.g. Conventional production of rye under condition of central
Europe produces almost twice the emissions CO2e in relation to organic farming).

This can be documented by the study within which the creation of greenhouse gases within
the cultivation of crops in conventional and organic farming system under conditions of central
Europe was compared. Within the study, the total GHG emissions expressed as CO2e were
observed. This sum was divided into subgroups-agricultural engineering, fertilizers, pesti‐
cides, seeds and field emissions. The conventional farming system differs from the organic one
in the total CO2e emissions production as well as in the production within subgroups. Overall
results are shown in Figure 1 that summarizes the production of greenhouse gases converted
to one kilogram of production and compares the conventional system with the organic farming
system.

GHG emissions within cultivation of particular crops vary depending on many factors, while
the most CO2e is released within fertilization and field emissions and also a share of agricul‐
tural operation in not negligible. With all surveyed crops except onion, where 0.083 CO2e/kg
of onion in conventional and 0.100 kg CO2e/kg of onion in organic farming is produced, higher
CO2e emissions were found within the conventional farming system. Within cultivation of
wheat, 0.460 kg CO2e/kg of grains within conventional and 0.423 kg CO2e/kg of grains within
organic farming is released. With rye, it is 0.537 kg CO2e/kg of grains within conventional and
0.298 kg CO2e/kg of grains within organic farming, with potatoes 0.145 kg CO2e/kg of potatoes
within conventional and 0.125 kg CO2e/kg of potatoes within organic farming, with carrot 0.099
kg CO2e/kg of carrot within conventional and 0.041 kg CO2e/kg of carrot within organic
farming, with tomatoes 0.087 kg CO2e/kg of tomatoes within conventional and 0.067 kg CO2e/
kg of tomatoes within organic farming and with cabbage 0.078 kg CO2e/kg of cabbage within
conventional and 0.033 kg CO2e/kg of cabbage within organic farming. It is obvious, that the
organic farming system is, in terms of emission, less demanding and therefore more environ‐
mentally friendly than conventional farming, where emissions production is increased
especially by the use of synthetic fertilizers.
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identified for example based on a comparison of similar studies or expert estimation but in
this process it is always necessary to take into account the specifics of the particular situation.
If the process significance is set incorrectly, this could have a rough influence on the results of
the whole analysis.
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example in the agrotechnical phase with most cultivated crops, the higher emission load per
one kilogram of production occurs within the organic farming system. However, it is usually
more than satisfactorily compensated by the absence of synthetic fertilizers (especially
nitrogen) which are, in terms of emission production, the most loading element. The way of
fertilization is directly related to field emissions which are lower in organic farming and there
are some savings also due to the absence of pesticide use. To sum up, organic farming produces
lower GHG emissions within cultivation of most crops and in some cases, there are very
fundamental differences (e.g. Conventional production of rye under condition of central
Europe produces almost twice the emissions CO2e in relation to organic farming).

This can be documented by the study within which the creation of greenhouse gases within
the cultivation of crops in conventional and organic farming system under conditions of central
Europe was compared. Within the study, the total GHG emissions expressed as CO2e were
observed. This sum was divided into subgroups-agricultural engineering, fertilizers, pesti‐
cides, seeds and field emissions. The conventional farming system differs from the organic one
in the total CO2e emissions production as well as in the production within subgroups. Overall
results are shown in Figure 1 that summarizes the production of greenhouse gases converted
to one kilogram of production and compares the conventional system with the organic farming
system.

GHG emissions within cultivation of particular crops vary depending on many factors, while
the most CO2e is released within fertilization and field emissions and also a share of agricul‐
tural operation in not negligible. With all surveyed crops except onion, where 0.083 CO2e/kg
of onion in conventional and 0.100 kg CO2e/kg of onion in organic farming is produced, higher
CO2e emissions were found within the conventional farming system. Within cultivation of
wheat, 0.460 kg CO2e/kg of grains within conventional and 0.423 kg CO2e/kg of grains within
organic farming is released. With rye, it is 0.537 kg CO2e/kg of grains within conventional and
0.298 kg CO2e/kg of grains within organic farming, with potatoes 0.145 kg CO2e/kg of potatoes
within conventional and 0.125 kg CO2e/kg of potatoes within organic farming, with carrot 0.099
kg CO2e/kg of carrot within conventional and 0.041 kg CO2e/kg of carrot within organic
farming, with tomatoes 0.087 kg CO2e/kg of tomatoes within conventional and 0.067 kg CO2e/
kg of tomatoes within organic farming and with cabbage 0.078 kg CO2e/kg of cabbage within
conventional and 0.033 kg CO2e/kg of cabbage within organic farming. It is obvious, that the
organic farming system is, in terms of emission, less demanding and therefore more environ‐
mentally friendly than conventional farming, where emissions production is increased
especially by the use of synthetic fertilizers.
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Differences between particular subgroups (Farming, Fertilizers, Pesticides, Seeds and Field
emission) can be documented as exemplified by the comparison of the cultivation of wheat
and rye in conventional and organic farming system. As stated by [31], the system sustaina‐
bility can be evaluated on the basis of inputs and outputs and their conversion to CO2e. Due
to higher demands for agro-technical procedures and lower yield per hectare, GHG emissions
generated in the organic farming system are with rye and wheat higher as compared with the
conventional farming system. With wheat, as it is evident from Figure 2, the values within
organic farming (0.132 CO2e/kg of grains) are 69.2% higher than in the conventional system
(0.078 CO2e/kg of grains), with rye then higher by 28.4% (conventional agriculture 0.088 CO2e/
kg of grains, organic farming 0,113 CO2e/kg of grains). The possibility of reducing GHG
emissions by changes in agricultural technology is highlighted also by [16] who identifies the
main potential for reduction within tillage. Zero-tillage systems as a tool for reduction of the
emission load is also mentioned by [31], who states that the change to zero-tillage systems can
lead to reduction of emissions of 30-35 kg C/ha per a vegetation period. Also [4] stated that the
technique of reduced (minimum) tillage which is in organic systems used more and more
frequently and with greater success supports carbon sequestration significantly.However,
unlike conventional zero-tillage systems, the organic systems with limited (minimum) tillage
do not require higher inputs of herbicides and synthetic nitrogen [42]. Parallel to the increase
of yields, the minimization measures in agricultural technology can contribute to the reduction
of emissions and thereby further to increase the environmental emission savings ensured by
the organic farming system.

 This can be documented by the study within which the creation of greenhouse gases within the cultivation of crops in 
conventional and organic farming system under conditions of central Europe was compared. Within the study, the total GHG 
emissions expressed as CO2e were observed. This sum was divided into subgroups - agricultural engineering, fertilizers, pesticides, 
seeds and field emissions. The conventional farming system differs from the organic one in the total CO2e emissions production as 
well as in the production within subgroups. Overall results are shown in Figure 1 that summarizes the production of greenhouse gases 
converted to one kilogram of production and compares the conventional system with the organic farming system. 
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Figure 1. Total production of GHG emissions within growing of selected crops in conventional and organic farming
system (in kg CO2e per 1 kg of production) [38].
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supports carbon sequestration significantly.However, unlike conventional zero-tillage systems, the organic systems with limited 
(minimum) tillage do not require higher inputs of herbicides and synthetic nitrogen [42]. Parallel to the increase of yields, the 
minimization measures in agricultural technology can contribute to the reduction of emissions and thereby further to increase the 
environmental emission savings ensured by the organic farming system. 
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Differences between particular subgroups (Farming, Fertilizers, Pesticides, Seeds and Field
emission) can be documented as exemplified by the comparison of the cultivation of wheat
and rye in conventional and organic farming system. As stated by [31], the system sustaina‐
bility can be evaluated on the basis of inputs and outputs and their conversion to CO2e. Due
to higher demands for agro-technical procedures and lower yield per hectare, GHG emissions
generated in the organic farming system are with rye and wheat higher as compared with the
conventional farming system. With wheat, as it is evident from Figure 2, the values within
organic farming (0.132 CO2e/kg of grains) are 69.2% higher than in the conventional system
(0.078 CO2e/kg of grains), with rye then higher by 28.4% (conventional agriculture 0.088 CO2e/
kg of grains, organic farming 0,113 CO2e/kg of grains). The possibility of reducing GHG
emissions by changes in agricultural technology is highlighted also by [16] who identifies the
main potential for reduction within tillage. Zero-tillage systems as a tool for reduction of the
emission load is also mentioned by [31], who states that the change to zero-tillage systems can
lead to reduction of emissions of 30-35 kg C/ha per a vegetation period. Also [4] stated that the
technique of reduced (minimum) tillage which is in organic systems used more and more
frequently and with greater success supports carbon sequestration significantly.However,
unlike conventional zero-tillage systems, the organic systems with limited (minimum) tillage
do not require higher inputs of herbicides and synthetic nitrogen [42]. Parallel to the increase
of yields, the minimization measures in agricultural technology can contribute to the reduction
of emissions and thereby further to increase the environmental emission savings ensured by
the organic farming system.

 This can be documented by the study within which the creation of greenhouse gases within the cultivation of crops in 
conventional and organic farming system under conditions of central Europe was compared. Within the study, the total GHG 
emissions expressed as CO2e were observed. This sum was divided into subgroups - agricultural engineering, fertilizers, pesticides, 
seeds and field emissions. The conventional farming system differs from the organic one in the total CO2e emissions production as 
well as in the production within subgroups. Overall results are shown in Figure 1 that summarizes the production of greenhouse gases 
converted to one kilogram of production and compares the conventional system with the organic farming system. 
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Figure 1. Total production of GHG emissions within growing of selected crops in conventional and organic farming
system (in kg CO2e per 1 kg of production) [38].

Organic Agriculture Towards Sustainability262 technique of reduced (minimum) tillage which is in organic systems used more and more frequently and with greater success 
supports carbon sequestration significantly.However, unlike conventional zero-tillage systems, the organic systems with limited 
(minimum) tillage do not require higher inputs of herbicides and synthetic nitrogen [42]. Parallel to the increase of yields, the 
minimization measures in agricultural technology can contribute to the reduction of emissions and thereby further to increase the 
environmental emission savings ensured by the organic farming system. 
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Higher GHG emissions are within the organic system also with seed (see Figure 3), where the
calculated value is 0.023 CO2e/kg of grains for wheat within the ecological system, respectively
0.035 CO2e/kg of grains within the conventional one (52.2% more in organic farming) and 0.014
CO2e/kg of grains for rye within the organic system and 0.026 CO2e/kg of grains in the
conventional system (85.7% more in organic farming). However, of the total amount of
emissions, the seed has relatively negligible share.

Field emissions make an important part of the total emission load (see Figure 4), there is not
evident an explicit trend. While they are for wheat in the organic farming system by 36.5%
higher (0.137 CO2e/kg of grains in the conventional and 0.187 CO2e/kg of grains in the organic
farming system) however, for rye, there are these values by 33.7% lower in the organic farming
system (0.175 CO2e/kg of grains in the conventional and 0.116 CO2e/kg of grains in the organic
farming system). Differences in the amount of field emissions are caused by a combination of
several factors, the main role is played by the difference in the intensity of fertilization (for
wheat in the organic farming system, there is applied 20 tons of manure while for rye only 12
tonnes) and by the various ratio of income between conventional and organic farming system
(organic wheat yield is 58% of the conventional wheat yield, yield of organic rye makes up
72.5% of the conventional rye yield).
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Figure 4. Production of CO2e/kg of grain from field emissions during growing of wheat and rye in organic and con‐
ventional system of farming

The main differences in emission production in conventional and organic farming system
arising from the use of agrochemicals in the conventional farming system. While there is a
relatively small share of total emissions caused by the use of pesticides (0.22% of total emissions

Organic Agriculture Towards Sustainability264

for wheat and 0.19% for rye) and their environmental impact lies mainly in their toxicity, a
very high emission load is generated by using synthetic fertilizers (conventional farming
system) instead of organic fertilizers (organic farming system). This is consistent with findings
of [5, 19] who state that synthetic fertilizers are the main source of greenhouse gas emissions.
As it is evident from Figure 5, the conventional farming produces in this stage of the process
significantly more GHG emissions. With wheat, these values (0.221 CO2e/kg of grains in the
conventional farming system, 0.069 in the organic farming system) are in organic agriculture
by 68.8% lower, for rye then 83.4% lower (0.259 CO2e/kg of grains in the conventional farming
system, 0.043 in the organic farming system).

GHG emissions from fertilization make up a value around 48% (48.04% wheat, 48.27% rye),
this is the largest share of total emissions in conventional agriculture, which is consistent with
findings of [21] who states this proportion of 40-50% for rape and approaches the data by [6]
who states the range of 35-40%. While in organic farming, emissions from fertilization make
up in the total amount of GHG emissions only 16.31% with wheat and 14.41% with rye. [17]
states that nitrogen management in agriculture loses its effectiveness in terms of the proportion
of utilization of applied nitrogen. The total number of inputs is increasing but plants consume
actually still smaller share of the applied nitrogen. A large part of the increased amount of
fertilizer is not processed by the plant but is released into the water or into the air. To reduce
greenhouse gas emissions, it is necessary next to a reduction of synthetic fertilizers also a
proper management of their application or the application of fertilizers in general. Both within
conventional and organic farming system, there should be able to reduce the environmental
load arising from fertilization with nitrogen while maintaining current yield levels.

In terms of emission production, the extensification of conventional farming or its conversion
to the organic farming system can be the step leading to a reduction in the overall proportion
of anthropogenic GHG emissions. On the contrary, within organic farming, the increased
yields are seek. They emphasizes the environmental friendliness also after conversion to the
unit of production.

The increase of income, while maintaining the current structure of inputs of organic farming,
as a way of deepening its environmental benefit, is referred also by [9]. This is consistent with
findings by [12] who states that organic farming systems are significantly more environmen‐
tally friendly when they reach a relatively higher yields. [7] states that this can be achieved by
e.g. more efficient application of fertilizers and crop rotation balance. Also, the proper selection
of varieties could significantly contribute to better yields and their stability within organic
farming and in the farming system with low inputs [8]. Productivity in sustainable farming
can be increased through many indirect measures based on improving of soil fertility and
stimulation of the functions of plants and microorganisms in natural soil processes. The most
important role in the soil is yet played by carbon. It is important for soil moisture and at the
same time thanks to increasing the carbon content or the soil organic matter in the soil, the
production of greenhouse gases released into the atmosphere can be reduced. Strengthening
these soil processes in order to increase the productivity is typical for organic farming [40].
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Higher GHG emissions are within the organic system also with seed (see Figure 3), where the
calculated value is 0.023 CO2e/kg of grains for wheat within the ecological system, respectively
0.035 CO2e/kg of grains within the conventional one (52.2% more in organic farming) and 0.014
CO2e/kg of grains for rye within the organic system and 0.026 CO2e/kg of grains in the
conventional system (85.7% more in organic farming). However, of the total amount of
emissions, the seed has relatively negligible share.

Field emissions make an important part of the total emission load (see Figure 4), there is not
evident an explicit trend. While they are for wheat in the organic farming system by 36.5%
higher (0.137 CO2e/kg of grains in the conventional and 0.187 CO2e/kg of grains in the organic
farming system) however, for rye, there are these values by 33.7% lower in the organic farming
system (0.175 CO2e/kg of grains in the conventional and 0.116 CO2e/kg of grains in the organic
farming system). Differences in the amount of field emissions are caused by a combination of
several factors, the main role is played by the difference in the intensity of fertilization (for
wheat in the organic farming system, there is applied 20 tons of manure while for rye only 12
tonnes) and by the various ratio of income between conventional and organic farming system
(organic wheat yield is 58% of the conventional wheat yield, yield of organic rye makes up
72.5% of the conventional rye yield).
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Figure 4. Production of CO2e/kg of grain from field emissions during growing of wheat and rye in organic and con‐
ventional system of farming

The main differences in emission production in conventional and organic farming system
arising from the use of agrochemicals in the conventional farming system. While there is a
relatively small share of total emissions caused by the use of pesticides (0.22% of total emissions

Organic Agriculture Towards Sustainability264

for wheat and 0.19% for rye) and their environmental impact lies mainly in their toxicity, a
very high emission load is generated by using synthetic fertilizers (conventional farming
system) instead of organic fertilizers (organic farming system). This is consistent with findings
of [5, 19] who state that synthetic fertilizers are the main source of greenhouse gas emissions.
As it is evident from Figure 5, the conventional farming produces in this stage of the process
significantly more GHG emissions. With wheat, these values (0.221 CO2e/kg of grains in the
conventional farming system, 0.069 in the organic farming system) are in organic agriculture
by 68.8% lower, for rye then 83.4% lower (0.259 CO2e/kg of grains in the conventional farming
system, 0.043 in the organic farming system).

GHG emissions from fertilization make up a value around 48% (48.04% wheat, 48.27% rye),
this is the largest share of total emissions in conventional agriculture, which is consistent with
findings of [21] who states this proportion of 40-50% for rape and approaches the data by [6]
who states the range of 35-40%. While in organic farming, emissions from fertilization make
up in the total amount of GHG emissions only 16.31% with wheat and 14.41% with rye. [17]
states that nitrogen management in agriculture loses its effectiveness in terms of the proportion
of utilization of applied nitrogen. The total number of inputs is increasing but plants consume
actually still smaller share of the applied nitrogen. A large part of the increased amount of
fertilizer is not processed by the plant but is released into the water or into the air. To reduce
greenhouse gas emissions, it is necessary next to a reduction of synthetic fertilizers also a
proper management of their application or the application of fertilizers in general. Both within
conventional and organic farming system, there should be able to reduce the environmental
load arising from fertilization with nitrogen while maintaining current yield levels.

In terms of emission production, the extensification of conventional farming or its conversion
to the organic farming system can be the step leading to a reduction in the overall proportion
of anthropogenic GHG emissions. On the contrary, within organic farming, the increased
yields are seek. They emphasizes the environmental friendliness also after conversion to the
unit of production.

The increase of income, while maintaining the current structure of inputs of organic farming,
as a way of deepening its environmental benefit, is referred also by [9]. This is consistent with
findings by [12] who states that organic farming systems are significantly more environmen‐
tally friendly when they reach a relatively higher yields. [7] states that this can be achieved by
e.g. more efficient application of fertilizers and crop rotation balance. Also, the proper selection
of varieties could significantly contribute to better yields and their stability within organic
farming and in the farming system with low inputs [8]. Productivity in sustainable farming
can be increased through many indirect measures based on improving of soil fertility and
stimulation of the functions of plants and microorganisms in natural soil processes. The most
important role in the soil is yet played by carbon. It is important for soil moisture and at the
same time thanks to increasing the carbon content or the soil organic matter in the soil, the
production of greenhouse gases released into the atmosphere can be reduced. Strengthening
these soil processes in order to increase the productivity is typical for organic farming [40].
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Figure 5. Production of CO2e/kg of grain from fertilizers during growing of wheat and rye in organic and convention‐
al system of farming
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Figure 6. Emission load of bread (in kg CO2e per 1 kg of bread) [39]

In addition to the agricultural production, also other processes such as processing or transport
may be incorporated within the framework of the LCA analysis. While within the livestock
production, the post-farm phase is less important in terms of emissions, for crop production,

Organic Agriculture Towards Sustainability266

its importance is increasing [52]. As it is evident from figure 6, these processes may in some
cases reverse the environmental potential created by the organic farming system within the
farm phase. In the case of the production of bread in bio-quality under conditions of the Czech
Republic, this leads to a situation where due to different technologies and especially produc‐
tion capacity in organic farming, the final product produces in terms of CO2e emissions a higher
load than conventional products.

Emission load from the transport is in the case of bio-products also often increased due to a
lower density of organic producers and processors, thereby the average transport distance
between the production chain elements is longer. However, despite the above factors, with a
number of products, the greenhouse gas emissions per unit of production remain lower even
for the final product. E.g. for the cultivation of potatoes and mashed potatoes production in
organic farming, the emission load remains slightly lower even after including post-farm part
of the cycle.

3. Conclusion

Predominantly, the farming systems have still been considered as production systems. The
typical conventional agroecosystems are characterized as very open, as systems based on
technological processes substituting the ecological ones, systems with high labour productiv‐
ity but with lower biodiversity, flexibility, stability and sustainability on the other hand. On
the contrary, the organic farming systems are based on sustainable development principles
and the holistic world approach. It is a production system focused on preservation and
improvement of natural resources and the environment at the same time. As for the system
concept, there is an effort to balance the economic, environmental and social aspects and
relations on global and local level. Agricultural activity itself is considered a process of
reasonable ecosystem exploitation with respect to its stability and sustainability. Just this
divergence between the both approaches, the intensive industrial agriculture on one hand and
the sustainable organic farming systems on the other, makes them very different from the
environmental point of view.

Intensified conventional farming leads to soil quality decrease. Intensive soil cultivation affects
the soil structure negatively and raises the risk of soil erosion. Because of the substitution of
mineral fertilizers for organic manures, the content and quality of organic matter decreases
and the microbial activity is disturbed. Within the effort to increase the labour productivity,
there has been often used larger and heavier agricultural machinery, which leads to intensive
soil compaction resulting in unbalanced soil air and water regime, limited root system
development, soil biological activity and water absorption reduction and erosion risk increase.
The external technical and material inputs markedly increase the energy demands and thus
consumption of non-renewable resources together with higher atmospheric pollution. As the
specialization develops, number of used species decreases, the preventive function of cropping
patterns (pests and diseases reduction) degrades. Crop breeding for high yields brings higher
demands for fertilizing and higher plant sensitivity to adverse environment conditions. There
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Figure 5. Production of CO2e/kg of grain from fertilizers during growing of wheat and rye in organic and convention‐
al system of farming
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In addition to the agricultural production, also other processes such as processing or transport
may be incorporated within the framework of the LCA analysis. While within the livestock
production, the post-farm phase is less important in terms of emissions, for crop production,
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its importance is increasing [52]. As it is evident from figure 6, these processes may in some
cases reverse the environmental potential created by the organic farming system within the
farm phase. In the case of the production of bread in bio-quality under conditions of the Czech
Republic, this leads to a situation where due to different technologies and especially produc‐
tion capacity in organic farming, the final product produces in terms of CO2e emissions a higher
load than conventional products.

Emission load from the transport is in the case of bio-products also often increased due to a
lower density of organic producers and processors, thereby the average transport distance
between the production chain elements is longer. However, despite the above factors, with a
number of products, the greenhouse gas emissions per unit of production remain lower even
for the final product. E.g. for the cultivation of potatoes and mashed potatoes production in
organic farming, the emission load remains slightly lower even after including post-farm part
of the cycle.

3. Conclusion

Predominantly, the farming systems have still been considered as production systems. The
typical conventional agroecosystems are characterized as very open, as systems based on
technological processes substituting the ecological ones, systems with high labour productiv‐
ity but with lower biodiversity, flexibility, stability and sustainability on the other hand. On
the contrary, the organic farming systems are based on sustainable development principles
and the holistic world approach. It is a production system focused on preservation and
improvement of natural resources and the environment at the same time. As for the system
concept, there is an effort to balance the economic, environmental and social aspects and
relations on global and local level. Agricultural activity itself is considered a process of
reasonable ecosystem exploitation with respect to its stability and sustainability. Just this
divergence between the both approaches, the intensive industrial agriculture on one hand and
the sustainable organic farming systems on the other, makes them very different from the
environmental point of view.

Intensified conventional farming leads to soil quality decrease. Intensive soil cultivation affects
the soil structure negatively and raises the risk of soil erosion. Because of the substitution of
mineral fertilizers for organic manures, the content and quality of organic matter decreases
and the microbial activity is disturbed. Within the effort to increase the labour productivity,
there has been often used larger and heavier agricultural machinery, which leads to intensive
soil compaction resulting in unbalanced soil air and water regime, limited root system
development, soil biological activity and water absorption reduction and erosion risk increase.
The external technical and material inputs markedly increase the energy demands and thus
consumption of non-renewable resources together with higher atmospheric pollution. As the
specialization develops, number of used species decreases, the preventive function of cropping
patterns (pests and diseases reduction) degrades. Crop breeding for high yields brings higher
demands for fertilizing and higher plant sensitivity to adverse environment conditions. There
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is also an increased need of synthetic nitrogen fertilizers. Residual content of nitrogen
contributes to underground and surface waters pollution and nitrogen evaporation into the
atmosphere. The accumulation of such active substances in the soil results in destruction of
useful microorganisms, antagonists and other soil organisms, also leads to development of
resistance to pesticides in harmful organisms, decrease of plant and animal species number,
pollution of underground and surface waters and the atmosphere with a negative impact to
the whole ecosystem. Similarly, the intensifying concentration and specialization of livestock
production results in great local amounts of organic wastes, possibilities of their utilisation are
not sufficient and the risk of soil and water pollution rises.

Within the organic farming systems the soil quality remains the main interest. Soil erosion
control measures include cover crops, mulching, limited soil cultivation, windbreaks planting,
use of lighter and smaller machinery, keep an optimal soil structure and looseness. These
preservative soil cultivation principles are combined with lower need of pesticides. Thus there
is ensured a sufficient nutrient cycle and organic matter content in the soil leading to an optimal
soil biological activity and fertility. Generally, the principles of organic farming ensure
protection of water sources and soil moisture, prevent the underground and surface waters
from pollutants and sediments as well. Water preservation is the priority, there are used
terraces, environmental corridors and border zones and other measures. There are also
considerable differences in biodiversity, which, within the conventional farming, markedly
suffers not only due to crop range reduction leading to monocultures in fact, but also thanks
to reduction of associated fauna and flora thought as harmful and thus systematically
eliminated or suffering from pesticides or other biocide substances at the same time. By
contrast, organic farming purposefully supports biodiversity, takes advantage of more
adaptable animal and crop species and varieties to the habitat conditions, uses varied crop
rotations, species and variety mixtures, applies technical and organizational measures friendly
to the organisms and the environment. Organic farming systems are also more environmen‐
tally friendly with regard to the greenhouse gases emissions production. Above all, this
emission reduction is achieved thanks to the limited use of synthetic fertilizers and pesticides
and lower livestock production intensity.

Although the organic farming systems show much friendlier environmental impact when
compared to the conventional ones, there has still been room for further improvements. When
compared to the conventional farming systems, one of the most important weakness of
contemporary organic farming is a low production capability. In countries with established
organic farming yields on arable land reach only 45-100 % in comparison to conventional
farming. This difference shows a specific reserve and rising potential of the production
capability through appropriate intensification related to natural fertility of a habitat. Among
the environmentally acceptable (rational, biological, technological…) means and methods of
the ecofunctional intensification within organic farming systems belong e.g.:

• Better management of the soil organic matter

• Use of perennial leguminous plants

• Support of the soil-plant interaction
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• Edaphon environment optimisation

• Intensified recycling and better utilisation of macro and micronutrients, mycorrhiza and
nitrogen fixation

• Integration of food production and energy (intercrop biogas production, green manure,
stable dung and dung water fermentation prior to their recirculation)

• Landscape management leading to the biodiversity improvement

• Improvement of technology and products used for weeds, pests and diseases elimination
(e. g. biological protection, herbal-based pesticides, allelopathy and physical barriers)

• Animal and plant breeding based on the accent on preservation of indigenous markers for
resistance and multifunctionality and suitability for organic farming

• Implementation of the precise farming principles into the organic farming systems (auto‐
mation and robotization, use of sensors in crop and livestock production, GPS and IT)

• Development of new techniques and skills within crop and livestock production that comply
with ecological principles and standards (e. g. intercropping, polycultures...)

Sustainable systems should be more focused on preventive measures (crop rotation, precise
variety selection), biological regulation methods and balance of all factors of crop production.
Similarly, for the conventional farming systems, there can be implemented measures leading
to decrease in their environmental impact. Among the main proecological measures belong:

• Land use and a company structure optimisation correspondent to a locality

• Provide maximal species diversity

• Follow crop rotation principles within cropping patterns

• Optimization of the share of leguminous plant related to the soil nutrient content balance
and feedstuff need

• Take into account the weeds and pests damage thresholds for pesticides reduction

• Use of mechanical, biological and organizational methods within the plant and animal
protection

• Preservation of good soil structure by the means of timely applied field operations

• Reduction and modification of technological operations

• Regular manuring and sweetening

• Reduction of the area under wide-row crops

• Preserve the green soil cover as long as possible

• Use of intercrops, undersowings and green belts

• Preservation of meadows and pastures in flooded areas and slopping grounds
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is also an increased need of synthetic nitrogen fertilizers. Residual content of nitrogen
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• Better management of the soil organic matter

• Use of perennial leguminous plants

• Support of the soil-plant interaction
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• Development of new techniques and skills within crop and livestock production that comply
with ecological principles and standards (e. g. intercropping, polycultures...)

Sustainable systems should be more focused on preventive measures (crop rotation, precise
variety selection), biological regulation methods and balance of all factors of crop production.
Similarly, for the conventional farming systems, there can be implemented measures leading
to decrease in their environmental impact. Among the main proecological measures belong:
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• Preservation of field boundaries reducing soil erosion

• Landscape element planting

The negative impact of intensive conventional farming on the environment and production
quality has been gradually reduced by implementation of directives applied by EU members.
Public requirements on farming related to all environmental components is predominantly
covered by the Crosscompliance system, which emphasises the importance of a responsible
control of quality and food safety and animal welfare. The financial support of farming
depends on fulfilling conditions stated in GAEC (Good Agricultural and Environmental
Conditions), on SMR (Statutory Management Requirements) and on minimal requirements on
fertilizer and pesticides use in compliance with the Agroenvironmetal measures (AEO). The
mentioned directions generally accepts above stated requirements for improvement of the
environmental aspect of the conventional farming.
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