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Preface

Agriculture, as an industry, causes great and adverse impacts on the environment.
Conventional farming models typically require large amounts of external inputs,
such as inorganic fertilizers and pesticides. However, in many cases, these inputs
are used improperly, leading to potential risks to the environment. Environmental
impacts, combined with the increased use of non-renewable natural resources,
has led to the development and emergence of alternative agricultural methods.
Sustainable farming, including organic farming, is more often in compliance with
the requirements of non-conventional functions and better meets the concept of
multifunctional agriculture.

As an alternative to conventional farming, organic farming is considered a
promising type of production poised to meet the challenges of modern agriculture.
In particular, organic farming is assumed to favor the biological control of pests by
their natural enemies and, therefore, is considered a possible way to reduce the use
of pesticides.

There are several indicators that evaluate the quality of different management
systems adopted in modern agriculture. Major discussions about changes in
production systems and their effects on economic and environmental factors have
been reported. These discussions illustrate the challenges of changing the system to
a more sustainable form of agriculture.

Conventional farming mostly uses pesticides and fertilizers to maximize the yield of
a particular crop or set of crops, which are typically genetically modified. Glyphosate
(N-phosphonomethyl glycine) is a 5-enolpyruvylshikimate-3-phosphate synthase
(EPSPs) enzyme inhibitor that is the most widely used herbicide worldwide to
control weeds in various agricultural crops, making chemical control cheap, easy,
and efficient. However, with the advance in the cultivation of glyphosate-resistant
crops and the intensive use of this herbicide combined with the non-use of other
herbicides, glyphosate-resistant weeds have emerged.

This book covers several issues related to the multi-functionality and impacts

of organic and conventional farming systems. Chapters cover topics related to
organic farming and the economy, farm management, and innovative methods and
approaches.

Jan Moudry

Associate Professor,

University of South Bohemia in Ceské Budéjovice,
Czech Republic
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Chapter1

Current Approaches to Pesticide
Use and Glyphosate-Resistant
Weeds in Brazilian Agriculture

Kassio Ferreira Mendes, Rodrigo Nogueira de Sousa and
Ana Fldvia Souza Laube

Abstract

The aim of this chapter is to show a general vision about the pesticides use in
Brazil. Pesticides are chemical products that contribute to agricultural produc-
tion processes, mainly large scale, as agents of chemical, physical and biological
processes. The glyphosate is the most widely used pesticide in Brazil to vast area
cultivated with genetically modified glyphosate-resistant crops. Also, this herbicide
is the most widely used in the world to control weeds in various crops, making
chemical control cheap, easy and efficient. However, with the advance in the culti-
vation of glyphosate-resistant crops and the intensive use of this herbicide associ-
ated with the non-use of other herbicides, glyphosate-resistant weed biotypes are
emerging very quickly. In this way, its use must be performed consciously in order
not to occur significant increase in the amount of weeds resistant to this herbicide.
Despite its great use in the country, it presents few records of resistant weeds when
compared to other herbicide action mechanisms. Thus, good agricultural practices
are indispensable and more innovations in technologies are necessary for the future.
Therefore, adopting a long-term weed management perspective and integration
systems for all agricultural practices is of paramount importance to farmers.

Keywords: herbicide resistance, mode of action, chemical product, conventional
farming

1. Introduction

The domestication of plants over a long time came with several challenges to
maintain their sustainability. It is known that cultivated crops would suffer attacks
from pests and diseases, causing great yield losses with the ever-present possibility
of hunger for the population, mainly due to the lack of resources and knowledge.
Even today with advances in technologies to control invaders, food losses due to
pests and diseases range from 10 to 90%, with an average of 35-40%, for all poten-
tial crops of food and fiber [1]. Pesticides are chemical products that contribute to
agricultural production processes, mainly large scale, as agents of chemical, physi-
cal, and biological processes [2]. In the south of Brazil, the monoculture of soybeans,
wheat, and rice was associated with the mandatory use of pesticides for those who
intended to use government rural credit. Today, pesticides are disseminated in con-
ventional agriculture, as a short-term solution for pest and disease infestation [3].
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Brazil is one of the largest agricultural producers in the world and the second
country that exports these products, playing an important role in the local economy.
To maintain such production, this sector intensively uses transgenic seeds and
chemical inputs, such as fertilizers and pesticides. Brazil is the largest consumer of
pesticides in the world, with an extensive area of planting [4]. The consumption of
herbicides in Brazil was about 540,000 tons of formulated (commercial) products
in 2017 [5]. Glyphosate is the most widely used pesticide in Brazil, with 173,150.75
tons of acid equivalent marketed in 2017 [6]. One of the main consequences of
weed resistance to herbicides is the increase in weed control costs, which is hardly
addressed in scientific publications, but of great importance for the produc-
tive sector.

Glyphosate (IN-phosphonomethyl glycine) is a nonselective and systemic
herbicide applied in postemergence, which belongs to a chemical group of replaced
glycines. It presents a wide spectrum of actions, enabling the control of annual
and perennial weeds with broad and narrow leaves. Due to excellent weed control
along with its ease of handling, low cost, and increased productivity, glyphosate
has become the most widely used herbicide in the world [7]. This herbicide is
registered in Brazil for the following crops: cotton, rice, plum, banana, cocoa,
coffee, sugarcane, citrus, coconut, eucalyptus, beans, tobacco, apple, papaya, corn,
nectarine, pear, peach, pine, rubber tree, soybean, wheat, grape, pastures, forage
ryegrass, and black oats [7]. Glyphosate acts by inhibiting the enzyme 5-enolpyr-
uvylshikimate-3-phosphate synthase (EPSPs) and, consequently, the biosynthesis
of aromatic amino acids, lignins, flavones, isoflavones, anthocyanins, and several
indispensable components for the plant, leading to plant death [7].

It is of paramount importance to understand the behavior of the herbicide in
the plants. Therefore, the absorption of glyphosate takes place in the aerial part of
the plants, having a maximum absorption 96 h after application, translocated by
simplasto with photoassimilates of the leaves for meristematic tissue reaching the
target site. In water it presents a weak acid behavior and presents four variable dis-
sociation constants (pKa between 2.6 and 10.3), in which it presents cell absorption
facilitated by phosphate carriers that are in the cell membranes [8].

Glyphosate is the most widely used pesticide in the world due mainly to the large
number of genetically modified crops resistant to this product [9]. However, with
the increase in the number of agricultural areas with transgenic crops (glyphosate-
resistant), mainly soybean, cotton, and corn, together with the high use and incor-
rect application of this herbicide, new cases of resistant weeds appear [8]. In the
world, 47 species of glyphosate-resistant weeds are already reported, and 9 of them
are in Brazil [10]. Figure 1 presents the number of weed species resistant to various
herbicides of different resistance mechanisms reported worldwide.

Acetolactate synthase (ALS) inhibitor herbicides have the highest number of
resistant species (162 species) (Figure 1). 4-Hydroxyphenylpyruvate dioxygen-
ase (HPPD) inhibitor herbicides have the smallest number of resistant species
(two species). Figure 2 shows that the United States is the country with the
most cases of unique resistance. Brazil has 51 cases of herbicide-resistant weeds
already recorded.

Figure 3 presents the amount of herbicide-resistant weed species within weed
families. The family that has the most cases of herbicide resistance is the Poaceae
family with 82 registered cases. The Caryophyllaceae family presents fewer cases of
resistant weed species (six species).

Figure 4 presents the amount of weed species that have simple resistance to
each herbicide. Atrazine presents the largest number of weed species with simple
resistance, with 66 species registered. For glyphosate there are reported 43 species
of weed resistance, the second being herbicide with the highest number reported.
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The mechanisms that generate resistance to herbicides in weeds can be separated
into the following: (i) related to the site of action (target-site resistance, TSR)
and/or (ii) not related to the site of action (nontarget-site resistance, NTSR) [9].
Mutation of the gene encoding enzyme EPSPS and amplification of this gene are
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examples of TSR mechanism, while reduced absorption, differential translocation,
high metabolism, and glyphosate sequestration by the vacuoles are examples of
NTSR mechanism [11]. Thus, it is necessary to know about the mechanisms of weed
resistance to herbicides to perform good management practices for the prevention
of the occurrence of new resistant biotypes in other areas and, mainly, for the deter-
mination of preventive management programs to the selection of resistant biotypes
and also for the determination of the practices of weed control already selected [9].
The aim of the authors in this chapter was to present pesticide use and general
characteristics of glyphosate- and herbicide-resistant weeds in Brazil.
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Figure 4.
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2. Pesticide use in Brazilian agriculture

The agricultural production in Brazil plays an important role in the Brazilian
economy, thanks to which this country is one of the world’s leading producers of
agricultural commodities. To keep up with production, this sector uses intensively
transgenic seeds and chemical inputs, such as fertilizers and pesticides—chemical
or biological substances used to protect crops against the introduction and spread of
pests such as insects, fungi, bacteria, viruses, mites, nematodes, and weeds [4, 12].
Regarding the function of pesticides, they all have the same common action, which
is to block the vital metabolic processes of the organisms in which they are toxic.

Currently, the total amount of pesticide commercialized in Brazil is US$10,522
billion per year, 14% less than 2014 (Figure 5), or 21% in a global market estimated
to be worth US$50 billion. In a country with a high pest index due to tropical
climate, the farmers’ challenge is to reduce pesticide application (which is nowadays
the main pest management), as well as to reduce the cost of production and the
associated risks to human health and natural resources.

Among the several alternatives for pest control in crops, the chemical method is
still the most widely used, due to its practicality, efficiency, and speed. However, if
pests are not controlled, they can drastically reduce the crop productivity. Among
the pesticide classes, herbicides (selective and nonselective) used for weed control
and also applied for crop desiccation represent 33% of consumption in the country,
followed by insecticides (29%) and fungicides (28%) (Figure 6).

Due to the high total amount of pesticides used, some agricultural crops deserve
attention, not because these products are intensively applied per unit of cultivated
area but because these crops occupy large areas in Brazil. Half of the pesticides
commercialized in the country are used in soybean crop, followed by the main crops
such as sugarcane (12%), corn (11%), and cotton (9%) (Figure 7).

Pesticide use differs in the various regions of the country, where intensive and
traditional agricultural (not use chemical product intensively) activities are mixed.
Located in Midwest, the Mato Grosso state is the one that uses the most pesticides
(24%) in the country, and the second is Sdo Paulo state, located in Southeast
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Figure 5.
Total commercialization of pesticides in Brazil from 2014 to 2018. Source: SINDIVEG [13].
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(Figure 8). The consumption of pesticides in the Midwest increased in the 1970s and
1980s due to the occupation of the Cerrados and the cultivation of soybean, cotton,
corn, and sugarcane continues to increase in this region. The South region represents
26% of pesticide consumption, while in the Northeast region, it is only 9%.

Empty pesticide packaging, unlike any plastic packaging, cannot be reused for
domestic uses. This is because the products are aggressive, i.e., harmful to human
and animal health, and can cause contamination if reused. And due to the toxicity
of pesticides, their handling requires extreme care, attention, and personal protec-
tive equipment, and empty containers cannot be disposed in the dumping ground
due to the aforementioned eminent risks. Therefore, all pesticides that are marketed
in Brazil have empty packaging collected by the National Institute for Empty
Packaging Processing (inpEV), which is responsible for the final destination of this
material.

= |nseclicide; 29%

Fungicide: 28%

Selective herbicide: 18%
Mon-selective herbicide: 15%
Seed treatment: 6%
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Acaricide: 1%

Figure 6.
Commercialization of classes of pesticides used in Brazil. Source: SINDIVEG [13].
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Commercialization of pesticides used by cvops in Brazil. Non-food crops: reforestation, pasture, floriculture,
and tobacco. Fruits: citrus, apple, grape, melon and watermelon, banana, and others. Vegetables: potatoes,
tomatoes, onions, garlic, and others. Grains: wheat, oats, rye, barley, and peanuts. Others: stoved grains and
others. Source: SINDIVEG [13].
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Figure 8.
Commercialization of pesticides for use in agriculture by Brazilian states. Source: SINDIVEG [13].

3. Glyphosate: sales in Brazil and worldwide, origin and mode of action

Currently, the most efficient method used for weed control is the use of herbi-
cides, mainly in large areas of cultivation, for which its rapid action added more
viable costs. Among the herbicides used, glyphosate is the most marketed worldwide
in more than 119 countries with about 150 trademarks for this product [14]. Figure 9
presents the commercialized quantities of glyphosate and its channels in Brazil.

According to the ABRASCO [16], 110 products with glyphosate alone have
been sold in Brazil, in 29 different companies, and 173,150.75 tons sold in 2017, the
amount being 3 times more than the second most commercialized herbicide, the
2,4-D. This considerable increase in sales was due to the production of corn and
cotton after the development of transgenic soybeans, from 40,000 tons of products
marketed to 300,000 per year in Brazil. In 2013, Asian countries, especially China
and India, were the ones that consumed glyphosate-based products the most. At
the same time, the United States accounted for more than 25% of all glyphosates
marketed. The estimate is that in 2020, the demand for this herbicide is worldwide,
which exceeds one ton [17].

The discovery of glyphosate occurred in 1950, and this acid was an interesting
complexion agent, a pH reducer, a detergent, and several other applications [18].
The glyphosate molecule was invented by the Cilag/Ciba industry in Switzerland,
during the process of selection of chelating compounds for paints. In the mid-
1960s, some scientists at Stauffer discovered other chelating properties of glypho-
sate. However, only in the early 1970s did Monsanto scientists discover the herbicide
properties of glyphosate. Two decades after it began to be marketed, there were
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more than 90 commercial products with this active equivalent [19]. Today, glypho-
sate is widely used and has become the most marketed herbicide in the world.

Due to its lack of selectivity, the use of glyphosate was initially limited to
preplanting, directed jet, pre-harvest, and postemergence of weeds. With the
introduction of glyphosate-resistant crops in the mid-1990s, it is now used for
weed control in resistant crops without concerns about crop damage. Currently,
glyphosate-resistant crops are grown in several countries, with great adoption in
the United States, Canada, Argentina, and Brazil. The wide adoption of glyphosate-
resistant crops has caused changes in weed species in these crops and resulted in the
evolution of resistant weeds [20].

Glyphosate is a nonselective herbicide (affecting all “natural” or non-transgenic
plants), which has a broad spectrum, is systemic, and is applied in postemergence,
belonging to the glycine-derived chemical group that has been widely used in the
world in the last four decades [20].

The mechanism of action of glyphosate is the inhibition of the enzyme EPSPS
and, consequently, the biosynthesis of aromatic amino acids, tryptophan, phe-
nylalanine, and tyrosine [18, 20], and precursors of compounds such as lignins,
flavonoids, and benzoic acids [21]. This leads to several metabolic disorders,
inhibiting the biosynthesis of proteins and secondary products and generating a
significant increase in the concentration of shikimate, a common precursor in the
metabolic route of the three amino acids (Figure 10) [22]. Glyphosate inhibits
the enzyme EPSPS by competing with the phosphoenolpyruvate (PEP) substrate,
preventing shikimate from being transformed into chorismate. The synthesis of
the enzyme EPSPS occurs in the cytoplasm, which is transported to the chloroplast
where it operates; glyphosate binds to it by glutamic acid carboxylic (glutamine)
at position 418 of the amino acid sequence. The final action of the herbicide is not
explained by the reduction of amino acids and the accumulation of shikimate. It is
believed that the deregulation of the shikimic acid route causes the loss of carbons
available for other cellular reactions in the plant, once 20% of plant carbon is used
in this metabolic route, because tryptophan, phenylalanine, and tyrosine are fore-
runners of most aromatic compounds in plants. Glyphosate causes the reduction of
phytoalexin synthesis. There is an increased concentration in toxic levels of nitrate,
ethylene, kinetic acid, and other compounds that accelerate plant death [22].
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Figure 10.

Glyphosate acts by inhibiting the engyme 5-enolpyruvylshikimate-3-phosphate synthase in the shikimate
pathway, blocking the production of tryptophan, phenylalanine, or tyrosine. Source: Adapted from Helander
etal. [23].

The dose of glyphosate used depends on the species that will be controlled
and can range from 0.18 to 2.16 kg a.e. ha™". After application of this herbicide,
a period of 4-6 h without rain is necessary to increase the efficiency. After being
treated with this herbicide, the plants die between 7 and 14 days. For absorption
to be facilitated, it should be used in low flow and larger drops. The yellowing of
meristems is a symptom in plants that can lead to necrosis and then to death in days
or weeks [21].

4. Physicochemical properties of glyphosate

Glyphosate presents the molecular formula C3HgNOsP (molecular weight = 169.1
g mol ™) [24]. This herbicide can be formulated as isopropylamine salt, ammonium
salt, or trimethylsulfonic salt [25] (sulfate) [19]. The chemical glyphosate group is a
replaced glycine. The glyphosate structure is presented in Figure 11.

O O

H ||
N P'”Fr
Ho)-l\/ ~ \ OH
OH

Figure 11.
Chemical structure of glyphosate.
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Under environmental conditions, both glyphosate and its salts are crystalline
solids, which have high solubility in water (12 g L™" to 25°C, for glyphosate) and
are practically insoluble in common organic solvents such as acetone and ethanol.
Glyphosate melts at 189.5°C and has an apparent density of 0.5 g cm™ and presents
significant water solubility in the presence of light, including at temperatures above
60°C [24]. Table 1 shows the physicochemical properties of glyphosate.

As shown in Table 1, glyphosate has high S, and pK, values with acid character
and a low K, value, indicating that glyphosate has a great hydrophilic tendency,
which decreases soil sorption. However, glyphosate quickly binds to positive soil
charges (mainly in clays) such as in soils abundant in iron and aluminum oxides.
This indicates high values of sorption coefficient normalized by soil organic
carbon (OC) (K,.) than other herbicides, limiting their leaching in the soil
profile [27].

The pK, values found in the literature for glyphosate are pKal, 0.8; pKa2, 2.16;
pKa3, 5.46; and pKa4, 10.14. These dissociation constants indicate the degree of
dissociation of the herbicide as a function of pH [24]. This shows the relationship
between the amount of matter that exists after a certain reagent has been consumed
and the amount of material that exists initially.

At pH values below 0.8, most glyphosate is found in a protonation on the amine
site. In a pH of 0.8, being the value of the first constant, 50% of the molecules
present this protonation and the other 50% with a dissociation in the phosphate
group. From this value up to pH of 2.2, the molecular formula is predominant, with
a dissociation (~PO,H—) and a protonation (—-NH,"-), and in a pH of 2.2, 50% of
the compound will have dissociation despite maintaining protonation in the amine
group. Among the pH values of 2.2 and 5.4, the predominant form of the herbicide

Properties Values

Chemical name (IUPAC) N-(phosphonomethyl) glycine
Common name Glyphosate

CAS number 1071-83-6

Molecular formula C3HgNOsP

Molecular weight 169 g mol ™

Class Herbicide

Group Replaced glycine

Melting point 189.5°C

Boiling point Decomposes before boiling
Degradation point 200°C

Vapor pressure (PV)

1.31 x 107 Pa (25°C, acid)

Henry’s law constant to 25°C (H)

210 x 10°” (Pam® mol ™)

Solubility in water (S,,)

10.5gL™" (20°C)

Acid partition coefficient (pK,)

2.34 (at25°C)

Octanol-water coefficient (K,,,)

6.31 x 107* (pH 7, 20°C)

Sorption coefficient (Ky)

2094 mgL™!

Half-life time degradation in soil (DT50)

15 days

Source: Adapted from PPDB [26].

Table 1.
Physicochemical properties of glyphosate.
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is with two dissociations, thus having 50% of the molecules with three pH dissocia-
tions of 5.5. In a pH ranging from 5.5 to 10.2, there are three and four dissociations
of glyphosate. Above pH = 11, the glyphosate is fully dissociated [24].

Amino acids and their derivatives present a zwitterionic behavior, that is, in its
structure the carboxylic acid has a more acidic characteristics than the ammonium
group. In glyphosate, phosphate and carboxylic groups have a greater acidic char-
acteristics than the ammonium group. Cikalo et al. [28] observed the zwitterionic
behavior of glyphosate when describing its dissociation. Thus, in the first dissocia-
tion of glyphosate, it would lose hydrogen linked to oxygen and only in the last
dissociation that hydrogen linked to nitrogen.

5. Glyphosate-resistant weeds in Brazil

The occurrence of weed resistance to herbicides is a natural and inheritable
capacity of certain biotypes within a given population to develop and reproduce
after being exposed to herbicide doses that would be lethal to a normal popula-
tion of the same species. This resistance is from an evolutionary process, occur-
ring naturally at low frequency, and the selection pressure exerted by repetitive
application of some herbicide or different types of herbicides that have the same
mechanism of action increases the number of resistant individuals in the popula-
tion. Herbicide resistance is identified when, generally, 30% of the plants are
resistant [29].

Several weed species are inherently more resistant to glyphosate than others.

A biotype of glyphosate resistance that occurred naturally was the Convolvulus
arvensis without reporting the use of glyphosate [20]. A biotype of Lotus cornicula-
tus resistant to glyphosate doses was identified by Boerboom et al. [30]. The natural
resistance to this herbicide, these and other species, was not a problem until the
emergence of glyphosate-resistant crops. With the adoption of these crops, many
species became problematic because they occupied places where other weed species
did not inhabit and glyphosate-resistant crops were cultivated [20].

Biotypes that have glyphosate resistance have been selected in crops such as
corn, soybeans, and various orchards. In Brazil, glyphosate-resistant biotypes of
Conyza bonariensis [31], Conyza canadensis [32, 33], Conyza sumatrensis [34], Lolium
multiflorum [35, 36], Digitaria insularis 9, 371, Chloris elata [38], Eleusine indica
(391, Amaranthus palmeri [40], and more recently Amaranthus hybridus [41] and
Euphorbia heterophylla [42] were identified.

Due to the increase in the adoption of glyphosate-resistant crops, there was a
great difficulty in selecting the herbicide to be used in weed populations in the past
decade. The alternating herbicides that have different modes of action or herbicides
mixed in tanks are recommended in resistance management programs; however,
this is often ignored by farmers, because the cost to control weeds only with glypho-
sate is much cheaper.

It is recommended that a rotation be made between cultivating glyphosate-
resistant crops and nonresistant crops, so that the development of glyphosate
resistance in weeds is delayed. However, the correct use of glyphosate with other
herbicides, a survey of the weed population, extension of the area, and economy
of producers are important factors in the management of weeds in glyphosate-
resistant crops [20].

Figure 12 shows all the species of glyphosate-resistant weeds worldwide.

The first case of reported resistance was in 1996 of the species Lolium rigidum in
Victoria, Australia. In Brazil, the first case of glyphosate-resistant weed identified
was in 2003, which was the species Lolium perenne ssp. multiflorum. In 2019, four
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Figure 12.

Glyphosate-vesistant weeds worldwide. Source: Heap [10].

cases of new glyphosate-resistant weeds were reported: in Australia, the spe-

cies Avena sterilis ssp. ludoviciana; in Argentina, the species Carduus acanthoides
which presented multiple resistance to 2,4-D and glyphosate; in Colombia, the
species Chloris radiata which showed simple resistance to glyphosate; and also in
Argentina, resistance of the species Echinochloa crus-galli var. crus-galli which was
reported [10].

6. Conclusions

Among the pesticides, glyphosate is widely used in Brazil and in the world to
control weeds in various crops. However, its use should be performed consciously,
since there is no significant increase in the amount of weeds resistant to this
herbicide. Despite its great use in the country, it presents few reports of resistant
weeds than another mode of action of herbicides, such as acetolactate synthase and
photosystem II (PSII) inhibitors.

Knowledge of glyphosate characteristics, weed biology, resistance mechanisms,
and the production system used that favors the emergence of herbicide-resistant
weed biotypes is important to appropriately manage and prevent or delay new cases
of resistant weeds in the field.

Crops with glyphosate-resistant transgenic technologies will continue to be
important in the future for weed management, and resistant biotypes will con-
tinue to be selected. Thus, good agricultural practices are indispensable, and more
innovations in technologies are necessary for the future. Therefore, adopting a
long-term weed management perspective and integration system for all agricultural
practices is of paramount importance to farmers.
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Abstract

Sugarcane grown in small rural properties of the Zona da Mata region, located
in the southeast of the state of Minas Gerais (MG), is generally intended for
animal feed and the production of rapadura, brown sugar, cachaga, and ethanol.
This chapter focuses on the authors’ experience on technologies recommended
to small farmers for the implantation and management of sugarcane plantations.
The following issues are addressed and discussed: planning and preparation of the
sugarcane plantation; soil sampling and soil fertility assessment; application of lime
and gypsum; setting up seedling nurseries; green fertilization in the areas of plant-
ing and renewal of sugarcane plantation; soil preparation, planting and chemical
fertilization of plant-cane; weed and pest control; chemical fertilization of ratoon;
assessment of sugarcane nutritional status; organic fertilization with crop residues
and agroindustrial residues; mineralization of sugarcane straw; assessment of broth
quality and sugar production; and renewal of the sugarcane plantation.

Keywords: sustainability, nutrient cycling, broth quality of the sugarcane, leaching,
organic fertilization

1. Introduction

The sugarcane production systems addressed in this chapter were recommended
by the authors for small farms of the Zona da Mata region of the state of Minas
Gerais, Brazil. These small rural properties are located at geographical coordinates
ranging from 20°45'14” to 21°11'39” South and 42°52’'55” and 43°01'04” West. The
altitude ranges from 330 to 650 m. The climate of the region is humid subtropical
and varies from Aw to Cwa with rainy summers, according to Képpen classification.
The average precipitation of the last 30 years is approximately 1200 mm. There is
water surplus from November to March, precipitation is below potential evapo-
transpiration from April to September (causing water deficit), and precipitation
is again higher than evapotranspiration in October. Therefore, the dry and rainy
seasons are well defined in the region.

The predominant soils in the region are Distrophic Red-Yellow Latossol, Ultisol
Red-Yellow Dystrophic and Latossolic Cambisol [1]. Although soils have low
fertility, their physical composition allows for agricultural activity provided that
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appropriate techniques are used. The main agricultural techniques recommended to
these small farmers are aimed at improving the physical and chemical properties of
the soil by lime and gypsum application, chemical fertilization, green fertilization,
using organic compost, planting of sugarcane varieties with greater yield potential,
chemical weed control, and biological pest control. The sugarcane produced in
these properties is intended for animal feed and the production of rapadura, brown
sugar, cachaga, and ethanol.

2. Planning and implantation cost of sugarcane plantation

Several technologies can be used in setting up and managing sugarcane planta-
tions in small farms. Those selected and recommended by the authors are focused
on maximizing the use of inputs, land and human resources to reduce operating
costs and increase crop yields, in addition to helping preserve the environment. The
main cost items for setting up 1 ha of sugarcane in the region are shown in Table 1.

Cost item Unit* Unit price Quantity Total Participation
price
(US$) (Us$) %

A) Consumption

Limestone t
Gypsum t

Seeds of Crotalaria juncea kg/ha
Fertilizer kg
Sugarcane seedlings t
Chemical insecticide Lorkg
Herbicide Lorkg
Formicide Lorkg
Biological insecticide L
Subtotal (A)

B) Service

Land rent ha

Soil analysis sample
Plowing h/m
Harrowing h/m
Sowing of Crotalaria juncea h/m
Incorporation of C. juncea h/m
into soil

Furrowing for planting h/m
sugarcane

Fertilizer application in the h/mord/H
planting furrow

Seedling distribution and d/H
pruning

Insecticide application h/hord/H

on the seedlings
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Cost item Unit* Unit price Quantity Total Participation
price
(US$) (Us$) %
Covering of seedlings h/mor d/H
Herbicide application h/mord/H
Formicide application d/H
Insecticide application d/H

Subtotal (B)

C) Total cost for the implantation of a sugarcane plantation (A+B)

*t: tonne, Kg/ha: kilograms per hectave, L: Liters, Kg: Kilogram, h/m: machine hours, d/H: work days per man, sample.

Table 1.

Main cost items for the implantation one hectare of sugarcane in small farms of the Zona da Mata region.

yield
%)

Cuts

1st

Average | Sugarcane
Znd |3rd | 4th | 5th | Gth | Tth plantation

=== | 0f natural matter per hectare -,

(%a)

3 10 120 | 108 | 97 | B7 79 71| 64 B9 204 125
4 15 120 | 102 | 87 | 74 63 53 | 45 78 235 144
5 175 120 | 99 | 82 | 67 | 56 |46 | 38 72 252 154
6 20 120 | 95 | 77 | 61 44 | 3| 3 B8 269 165
7 10 1m0 | 99 [ 89 | 80 2 65 | 58 B2 223 137
-] 15 N0 | -4 (79| 68 57 49 [ 4 71 2.50 157
9 175 1no | 91 | 75 | 62 51 42 | 35 ] 275 169
10 20 10 | 88 | 70 | 56 45 36 | 29 b2 294 180
11 10 100 | 90 | 81 | 73 66 | 59 | 53 Fi-] 245 150
12 15 100 | 85 72 | 61 52 44 | 38 65 252 173
13 175 100 | 83 | 68 | 56 46 3| | 32 60 302 185
14 0 100 | 80 (&4 | 51 4 33| 26 56 33 19
Table 2.

Simulation of a sugarcane plantation area needed to feed 25 dairy cows (20 kg of natural matter per cow/day)
for 365 days and plant-cane yield and yield stability in seven succeeding cuts.

21



Multifunctionality and Impacts of Organic and Conventional Agriculture

In sugarcane, it is common to evaluate the results obtained by quantifying the
production of culms, sugars, or total shoot biomass. In analyzing the production
costs, one can use the exchange ratio, which is an economic indicator that shows the
exchange capacity of a certain product in relation to the inputs used in production
(product/input).

The great advantage of exchange ratio analysis over price analysis is that agricul-
tural products represent the weighted average of several inputs and goods used by
the farmer. Thus, it is easier to calculate the variation in producer purchasing power
or production system efficiency. If possible, this analysis should cover a long period
of time, so that the extent of the variation in results can be measured.

The use of spreadsheets (e.g., Excel) is helpful in analyzing simulation results, as
well as budgeting and managing sugarcane production costs. The authors have
guided farmers to adopt practices that recover and maintain soil fertility, recycle
nutrients, and reduce compaction and sealing of the topsoil, combined with
activities that enable increased yields in plant-cane and small decreases in subse-
quent cycles. Table 2 shows a simulation of sugarcane yield in 14 scenarios, which
combine high and medium yields in the plant-cane cycle to low, medium, or high
decreases in yield over seven cycles (seven cuts).

Table 2 shows that to feed 25 cows for 365 days (20 kg of natural matter per cow/
day), an area of 1.63 ha of a sugarcane plantation with high yield in the plant-cane
cycle and 10% decrease in subsequent cycles would be necessary (Scenario 1). On
the other hand, an area of about 3.3 ha would be needed for a sugarcane plantation
with medium yield in the plant-cane cycle and large decreases in subsequent cycles
(Scenario 14). In sugarcane plantations with yields of less than 60 tons of natural
matter per ha (about 50 tons of industrializable culms), in addition to decreasing
the use of land and labor resources, chemical weed control is generally inefficient,
as the crop does not completely cover (shade) the soil, allowing the emergence and
growth of invasive species (Figure 1). Also, in cases where sugarcane is cut by hand,
the worker will be more exposed to snakes and scorpions.

Figure 1.
Contrast between a sugarcane plantation with high yields and excellent weed control, and a plantation with
low yields and poor weed control.
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3. Selecting sugarcane variety

Choosing the right variety is an important and low-cost technology for the
producer. Currently, there are several sugarcane cultivars with proper agronomic
and zootechnical characteristics, such as high response to improved soil fertility,
erect growth, and resistance to falling, which facilitates harvesting, high culm and
sucrose yield, regrowth vigor, resistance to pests and diseases, and good dry matter

digestibility.

Characteristic Variety

RB835054 RB855536 RB867515 RB928064 RB975201 SP80-1816 SP80-3280

Yield! High High High High High High High
Maturation Early Medium Medium  Late Late Medium Medium
Sucrose High High High Medium  Medium High High
content
Harvest * Apr-Nov  Jun-Nov Jun-Sep Sep-Nov  Ago-Nov Jun-Sep Jun-Sep
Soil® Medium  Medium Low High Medium Medium Medium
Regrowth* Good Excellent Good Good Good Excellent Good
Tillering’® Average  Excellent Average Very Average Verygood  Very good
good
Toppling® Frequent Little Little Little Frequent Little Rare
Detrashing’ Easy Medium Easy Medium  Easy Medium Easy
Pilosity No No No Yes No Yes No
Flowering Absent Absent Medium  Absent Absent Absent Present
Wilting No No Medium  No No Little Yes
Sensitivityto  High Medium Low Low Low Medium Medium
Herbicides®
Coal’ Resistant Intermediate Resistant Resistant Resistant Intermediate Intermediate
Rust’ Resistant ~ Resistant Resistant ~ Resistant  Resistant Resistant Resistant
Red Streak’ Resistant Intermediate Susceptible Resistant Intermediate Resistant Resistant
Leaf scalding’ Resistant Intermediate Resistant Resistant Resistant Resistant Resistant

Yield: Yield per ha of industrializable culms and biomass (High, Medium or Low)

?Harvest: Recommended months for the harvest of sugarcane for brown sugar and rapadura

3Soils: Soil fertility vequirement (High, Medium or Low)

*Regrowth: sprout vigor of regrowth under conditions of trampling by machines or animal traction vehicles
STillering: growth speed and soil shading, thus minimizing weed competition

SToppling: plant growth habit, which varies from evect to decumbent. Even cultivars with upright culms may topple
under high-yield conditions

"Detrashing: removal of dry leaves or attachment of the sheath to the culm
ESensitivity to certain hevbicides

°Diseases of the plant shoot.

Source: Silveira, L. C. I. (unpublished data).

Table 3.
Agroindustrial, morphological, and tolerance characteristics of seven varieties of sugarcane recommended for
cultivation in the small farms of the Zona da Mata region.
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The authors of this chapter do not recommend planting one variety of sugar-
cane in more than 33% of the total area, even if it has a large number of desirable
characteristics. This is because sugarcane production will be greatly compromised
in cases of possible breakdown of resistance to disease or sudden decline of the
cultivar. Thus, in order to obtain a good quality product, ensure vigorous regrowth
and consequently increase the longevity of the sugarcane plantation, the authors
recommend that farmers use at least four varieties of sugarcane and adopt measures
to maintain soil fertility and cut the sugarcane at the most suitable time for each
variety. Once the varieties have been selected, it is necessary to check the quality of
the seedlings. It is also important to confirm the health of the seedlings in terms of
diseases, pests, and mixture of other cultivars. Table 3 shows characteristics of the
varieties currently most planted in small farms of the Zona da Mata region.

RB867515 has been the variety of sugarcane most cultivated by small produc-
ers due to its high yield potential in different edaphoclimatic conditions. As
mentioned in Table 3, RB867515 is a medium maturing variety with high sucrose
content in industrializable culms. It has a low requirement for soil fertility, but
it is very responsive to fertilization. Its detrashing is easy and it has no pilosity.
Figure 2 shows dry matter accumulation rate in shoots of three sugarcane varieties
(RB855536, RB867515, and SP801816). The study was conducted in soil of medium
texture in the city of Mercés, state of Minas Gerais (MG) (latitude 21.260232,
longitude 43.298827, and altitude 503 m).

Sugarcane was planted in the first half of February. Following the recommenda-
tion of Ref. [1], 5.0 t of dolomitic limestone and 1.5 t of gypsum were applied per
ha in September of the year prior to the planting of sugarcane. The soil was plowed
and harrowed, followed by the sowing of Crotalaria juncea. In early February, at the
grain filling stage, Crotalaria juncea was incorporated into the soil. A week later, the
soil was furrowed and sugarcane was planted. The chemical fertilization consisting
solely of phosphorus was applied at the bottom of the planting furrow at a dose of
100 kg of phosphorus per ha (equivalent to 229 kg of P,0Os per ha). Chemical weed
control with pre-emergent herbicide was used. In mid-September, when the rainy
season started again, 200 kg of potassium per ha (equivalent to 240 kg of K,0 per ha)
was applied between the rows of sugarcane. Assessments of dry matter
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Figure 2.

Dry matter accumulation rate in shoots of three sugarcane varieties planted in February and harvested in
July of the following year. Study carried out in the city of Mercés, located in the Zona da Mata region. Source:
Oliveira MW (unpublished data).
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accumulation were held in April, September, and December of the year of planting
of sugarcane and in February, April, and July of the following year. As shown in
Figure 2, RB867515 produced about 5.0 t more dry matter than the other two variet-
ies, which corresponds to approximately 15 t of forage per ha. The average percent-
age of culms in forage of these varieties is 85%. Thus, RB867515 produced 12 t of
industrializable culms more than the other two varieties.

4. Implantation of sugarcane plantation

Similarly to South Central Brazil, the planting of sugarcane without irrigation
in small farms of the Zona da Mata region is essentially done at the beginning of the
rainy season (September and October) and at end of the rainy season (February to
March). The sugarcane planted at the beginning of the rainy season can be har-
vested from April to May of the following year (known as “one-year sugarcane”).
However, for sugarcane planted from February to March, the harvest will take place
about 15-18 months after (known as “one-and-a-half-year sugarcane”).

The authors have recommended the planting of “one-year sugarcane” in more
fertile soils with smoother and less erosive relief, because there is heavy rainfall
during this period. Because sugarcane starts the maximum growth phase in
January (when water and thermal availability begin to decrease), nutrient supply
should not be a limiting factor to plant development. Therefore, biomass yields
exceeding 120 t of natural matter per ha should be reached. However, planting
“one-and-a-half-year sugarcane” has been recommended for the more rugged
and less fertile soils, since sugarcane will continue to grow in the field for a longer
period. Also, the maximum growth phase (Figure 2) coincides with the times of
greater water and light availability, which results in higher vegetation cover by
sugarcane foliage as well as in higher photosynthetic rate and dry matter accumu-
lation. One other great advantage of planting the “one-and-a-half-year sugarcane”
is the possibility of growing Crotalaria juncea prior to the planting of sugarcane.

5. Evaluation of soil fertility and lime and gypsum application

Sugarcane extracts and accumulates large amounts of nutrients from the soil
because it produces large amounts of biomass. In evaluations carried out in small
properties of the Zona da Mata region, the authors found that to produce 120 tons
of natural matter per ha (about 100 t of industrializable culms), the accumulation
of nutrients in shoots is approximately 150, 40, 180, 90, 50, and 40 kg of N, P,

K, Ca, Mg, and S, respectively. In the case of iron, manganese, zinc, copper, and
boron, accumulation in shoot biomass for a production of 120 t is around

8.0, 3.0, 0.6, 0.4, and, 0.3 kg, respectively [1]. Because of this high nutrient
removal, it is necessary to know the nutrient supply capacity of the soil to comple-
ment it with fertilization if necessary. On the other hand, if toxic levels are found,
the concentration of these elements is reduced by applying limestone and gypsum.
The availability and presence of toxic levels of nutrients in soil are typically evalu-
ated by chemical analysis of the topsoil. Knowledge of the history of the area is also
of great value, especially fertilization and whether or not there were symptoms of
deficiency or toxicity in previous crops.

Soil samples are typically collected at depths of 0—20 and 20-40 cm. The results
of the analysis at 0-20 cm have been used to calculate the need for fertilization and
liming, while those at 20-40 cm to calculate the need for gypsum. Because these are
small areas, the authors have advised producers to collect soil samples using a hole
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digger and straight shovel, as the use of a straight shovel decreases the variability
of soil fertility indexes. Further details on sampling procedures, sample variability,
sample drying, and comparison between chemical extractors can be found in Ref.
[1]. As previously mentioned, most of the soils of the region are naturally acidic and
present low saturation by basic cations such as calcium, magnesium, and potassium.
Deficiency of these basic cations combined with high levels of aluminum, iron, and
manganese has been detrimental to the growth of the root system and the entire
plant. For these reasons, limestone and gypsum applications are recommended by
the authors. Several materials have been used as soil acidity correctors, of which the
most commonly used is dolomitic limestone. However, calcitic and magnesium lime-
stone, as well as calcium and magnesium silicates (referred to as steel slags) are also
used. Magnesium oxide content is around 8% in steel slag, while it is less than 5%
in calcitic limestone, between 6 and 12% in magnesium limestone, and above 12%
in dolomitic limestone. The efficiency of these products in correcting soil acidity
depends on particle size, uniform distribution in the field, and soil water availability.
The most used soil analysis method in the region is the one that uses calcium
acetate to determine H' + Al*>. This extractor greatly underestimates the amount of
H* + Al*%, and results in underestimating the cation exchange capacity at pH 7.0 and
the limestone dose. For these reasons, the authors have recommended raising the
dose of limestone by 1.5-2.0 times. For sugarcane grown in small farms, the recom-
mendation is to increase base saturation (V) to 60%. The limestone dose (LD) when
using the base saturation method is calculated by the following equation (Eq. (1)):

LD (t ha™) = [(60-V) x T] = RTNP 1)

where V is the current base saturation of the soil, T is the cation exchange
capacity at pH 7.0, and RTNP is the relative total neutralizing power of the correc-
tive used.

Dolomitic limestone is recommended when magnesium content at 0-20 cm is less
than 0.40 cmol./dm’ of soil. On the other hand, if magnesium content at 0-20 cm is
greater than 0.40 cmol./dm’ of soil, the recommendation is to use the corrective that
has the lowest price per ton of RTNP in the crop. Thus, an economic factor is included
in the decision making regarding the type of limestone to be used. The use of gypsum
has been recommend based on the results of chemical analysis of the 20-40 cm layer.
Gypsum has been applied when calcium content is less than 0.40 cmol./dm” of soil
or aluminum saturation (m%) is higher than 20%. The usual recommended dose is
one-third of the limestone dose (e.g., assuming that the limestone dose is 4.5 t per ha,
then gypsum will be 1.5 t per ha). Limestone and gypsum are mixed for subsequent
application to the soil. The application of gypsum will lead to the improvement of the
root environment of the layers below the topsoil. This effect lasts for several years,
which is the reason annual gypsum application is not necessary [1].

In small properties, the application of limestone + gypsum is typically done
by hand. A recommended method for these small producers has been to delimit a
square or rectangle with the mixture of limestone + gypsum and apply a volume
corresponding to the recommended dose in the area. For instance, if the recom-
mended dose was 6000 kg (4500 kg of limestone +1500 kg of gypsum per ha) and
the density of the limestone + gypsum mixture is 1.25 kg/L, then 4800 L per ha or
0.48 L per m” should be applied. Another alternative for small producers to apply
limestone + gypsum by hand would be to demarcate areas of 25 m” with the mixture
itself and apply 12.0 L of limestone + gypsum.

Plowing and harrowing is typically done after the application of limestone +
gypsum to incorporate the products into the soil. In most small farms, subsoiling
(decompacting soils or breaking compacted layers) has been recommended after
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plowing and harrowing. This recommendation is based on the land use history of
the area, the traffic of machines, implements and animals, the presence of crusts
on the surface of the land, and the shallow root system of the natural vegetation.
Although it may be an additional burden for the producer, the presence of densified
or compacted layers has harmful consequences on water absorption, mineral nutri-
tion, crop development, and longevity of the sugarcane plantation.

6. Green fertilization in “one-and-a-half-year sugarcane”

As previously mentioned in item 4 (implantation of sugarcane plantation), one
of the advantages of planting the “one-and-a-half-year sugarcane” is the possibility
of a green fertilization prior to the planting of sugarcane. Among the main desirable
characteristics of plants used for green fertilization are the following: the possibil-
ity of using mechanization from sowing to the harvesting of seeds, the ability to
associate with nitrogen-fixing bacteria, rapid growth to control weeds, having
mechanisms, or being able to synthesize compounds that help control pests (e.g.,
nematodes) and diseases, no dormant seeds, and a vigorous and deep root system
that assists in the recycling of nutrients from the deepest layers and in soil decompac-
tion. Another aspect to be considered is the supply of organic and mineral substrate
to soil microorganisms. Thus, green fertilization also contributes to the improvement
of the biological quality of the soil [2-4]. Several legumes have these characteristics,
but there is generally a preference for Crotalaria juncea in South Central Brazil [1].

In the studies conducted by the authors of this chapter in the Zona da Mata
region, green fertilization with Crotalaria juncea prior to planting the “one-and-a-
half-year sugarcane” resulted in increased yield in the plant-cane and first regrowth
cycles, which together ranged from 20 to 26 t of culms per ha. In a multiyear
analysis, the costs of green fertilization corresponded to 6-12 t of industrializable
culms per ha. Thus, the increase in yields covered the costs of growing the legume.
Furthermore, there are studies in which increased yields of sugarcane as a result
of green fertilization with Crotalaria juncea were higher. For instance, in studies
conducted over several years in the city of Sales Oliveira, state of Sdo Paulo, Ref. [5]
reported increased yields of industrializable culms ranging from 26 to 40 t per ha.

Crotalaria juncea exhibits high growth rates, which result in increased plant
height, as shown in Table 4. High growth rate associated with increased plant

DAE Plant height LAI DM accumulation DM accumulation rate
(cm) m?/m? (t/ha) (kg/ha/day)

30 84 21 22 73

45 178 36 41 127

60 192 6.5 7.8 247

75 247 83 11.9 273

90 313 94 14.2 153

105 328 11.3 15.5 87

120 342 89 16.2 47

Table 4.

Plant height, leaf area index (LAI), dry matter accumulation (DM accumulation), and dry matter
accumulation rate (DM accumulation rate) in shoot biomass of Crotalaria juncea at 30, 45, 60, 75, 90, 105,
and 120 days after plant emergence (DAE).
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height causes shading of the soil and affects other plants, especially weeds. This is
one of the reasons it is used in weed control [1, 4]. Cultural methods are practices
that aim to make the crop more competitive than weeds and include reducing plant-
ing space, intercropping or rotation with green manure.

Ref. [6] reported excellent results with the use of Crotalaria juncea, with weed
control percentages greater than 90% in areas with a predominance of grasses,
competitive plants, and high nutritional and photosynthetic efficiency. These
results were confirmed by Ref. [3], who found that Crotalaria juncea was outstand-
ing in terms of soil cover. Plants covered 100% of the soil 50 days after emergence,
contributing to the control of erosion and weeds. In addition to the physical effect
of shading, Crotalaria juncea releases organic compounds from its secondary
metabolism (allelopathic compounds), which inhibit weed seed germination or
slow down its development [2, 5-7]. Field observations by the authors confirm this
allelopathic effect on weeds, verified by the absence of weeds between the planting
rows (Figure 3). The sowing of Crotalaria juncea was carried out in an area adjacent
to Brachiaria pasture. Therefore, the seed bank of this area should be large.

Crotalaria juncea is extremely sensitive to the length of night (nictoperiod),
flowering early under increasing long nights and hence interrupting growth and
reducing dry matter accumulation and nutrient cycling, especially of nitrogen [1, 7].
Table 5 shows the accumulation of dry matter and nitrogen in shoot biomass of
Crotalaria juncea, as well as plant height was statistically similar for the first three
sowing times (beginning of October to beginning of November). For sowing times
of mid-November, early and mid-December, there was an average percentage
reduction in dry matter accumulation of around 20, 35, and 40% in comparison
with the beginning of October.

These reductions were around 6, 13, and 24% for plant height in comparison
with that of the first sowing times (Table 5). The study was conducted in a
Latossolo vermelho amarelo distréfico, which exhibited the following chemi-
cal characteristics at 0-20 cm: pH in H,0 = 6.2; 6.0 mg/dm’ of phosphorus and
59 mg/dm’ of potassium, (extracted with Mehlich), no exchangeable aluminum
and 45% of base saturation. Crotalaria juncea is very sensitive to aluminum toxic-
ity and when the soil has exchangeable aluminum, liming should be done prior to
sowing [1, 4].

Due to the sensitivity of Crotalaria juncea to nictoperiod, the delay in sow-
ing results in early flowering. The authors of this chapter have observed in crops
of Crotalaria juncea of the Zona da Mata region that plants are able to receive the
stimulus for floral induction around 40 days after emergence. Thus, for sowing times

Figure 3.
Crotalaria juncea at the early growth stage and its allelopathic effect on weeds confirmed by the absence of
weeds between the planting rows (photo on the right).
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Sowing times DM accumulation Naccumulation Plant height
(kg/ha) (kg/ha) (cm)
Year1 Year 2 Year1 Year 2 Year1 Year 2
Early October 14,135a 14,789 a 273 a 284 a 293 a 305a
Mid-October 14,768 a 14,845a 297a 275a 311a 298a
Early November 14,235a 13,785a 268 a 279 a 287a 293a
Mid-November 11,985b 11,178 b 220b 226b 267b 256 b
Early December 9,123 ¢ 9,545 ¢ 198 bc 203 ¢ 247 ¢ 236 ¢
Mid-December 8,523d 8,037d 174 c 168d 217d 208d

Means followed by the same letter in the column do not differ statistically from one another other by the Tukey test at
5%.

Table 5.

Accumulation of dry matter (DM accumulation) and nitrogen (N accumulation) in shoot biomass of
Crotalaria juncea, and plant height at the grain formation stage according to the sowing time in a study
conducted during two agricultural years on a dystrophic ved-yellow Latosol (Oxisol).

starting in mid-November, the nights will be increasing in length and early flowering
will occur at around 40 days after emergence. The results of studies on sowing times
carried out by the authors of this chapter and those found in literature allow us to
conclude that to obtain high biomass production in shoots of Crotalaria juncea, the
sowing of the legume in South Central Brazil should be done from the beginning from
October to early November. The incorporation of Crotalaria juncea to the soil should
be done when the first pods are in the phenological stage of grain filling, at which time
the accumulation of dry matter and nitrogen in shoots is the highest [1, 4, 7].

The accumulation of nitrogen in the shoot biomass of Crotalaria juncea has also
varied according to sowing time. Table 5 shows that for sowing times from the
beginning of October to the beginning of November, nitrogen accumulation in the
shoot biomass of Crotalaria juncea oscillates around 300 kg/ha. Of the total nitro-
gen accumulated in the shoot biomass of Crotalaria juncea, about 60% originated
from the symbiotic associations of the roots with N fixing bacteria, resulting in the
contribution of significant amounts of N to the soil-plant system [4, 8] and greater
sustainability of the subsequent crop. For comparative purposes, let us consider
ammonium sulfate, which is one of the most commonly used nitrogen fertilizers. In
100 kg of ammonium sulfate, there is 20 kg of N. Therefore, it would be necessary
to use 1000 kg of ammonium sulfate to obtain 200 kg of N.

The inoculation of Crotalaria juncea seeds with nitrogen-fixing bacteria could
be a way to increase N, biological fixation and nitrogen supply in the soil-plant
system. However, research conducted by the authors of this chapter in small
farms located in the Zona da Mata region and at sugarcane mills showed that
the inoculation of Crotalaria juncea seeds with nitrogen-fixing bacteria did
not increase N supply in the soil-plant system. Similar results were obtained at
EMBRAPA Agrobiologia by Ref. [9], who also found that the inoculants used were
not more efficient than the native strains. There was no difference in dry matter
and nitrogen accumulation among the treatments with and without inoculation.
One of the possible causes could be the high native population of these bacteria
in the soils. However, as mentioned by Ref. [10], the fact that the legumes pres-
ent high nodulation with native strains does not mean that those bacteria have
maximum efficiency, since many of these strains have a high competitive capacity,
making it difficult to introduce other strains through seed inoculation. Thus, the
authors believe that until more efficient and competitive strains are obtained, the

29



Multifunctionality and Impacts of Organic and Conventional Agriculture

inoculation of the seeds of Crotalaria juncea will not result in increased nitrogen
biological fixation and accumulation by the plant.

7. Furrowing, fertilization, and planting of sugarcane

Furrowing the soil for the planting of sugarcane is done after plowing and har-
rowing the land for the incorporation of limestone and gypsum or, after the incorpo-
ration of Crotalaria juncea in “one-and-a-half-year sugarcane”. Furrowing is typically
done with fertilizer furrowers that simultaneously open furrows and fertilize. When
this implement is not available, it is possible to use a plow with moldboards or discs,
using a single disc (straight furrowing if possible). Furrowing should be carried out
as close as possible to the distribution of seedlings and planting rows to conserve soil
moisture on dry days or avoid the silting of the furrows on rainy days. The spacing
between furrows has varied from 0.90 to 1.40 m depending on the distance between
the tires of the implement used in the crop fields, on topography, on soil fertility,
and on the type of crop. In more fertile areas, wider spacing is used to prevent the
sugarcane from tapering and future toppling by the wind. On the other hand, in soils
with lower fertility, less fertilized, and on sloped relief, or when cultivars with lower
tillering capacity are used, narrower spacing should be used to allow better spatial
distribution of plants, more uniform soil cover and increased yields.

The recommended fertilization of the plant-cane is based on the results of the soil
analysis at 0-20 cm and the expected yield of the sugarcane plantation. For plant-
cane, only phosphate and potassium fertilization are recommended, because studies
conducted by the authors of the chapter showed a lack of response to nitrogen fertil-
ization. This low or absent response of the plant-cane to fertilization is widespread
for soils grown with sugarcane in Brazil [4]. For the typically low fertile soils of the
Zona da Mata region, the recommendation is 100 kg of phosphorus and 200 kg of
potassium per ha (equivalent to 229 of P,0Os and 240 kg of K,O per ha). If gypsum is
applied to the soil, triple superphosphate should be used to reduce the planting costs,
as it is less expensive. More information on fertilizer doses and soil fertility, as well as
losses by leaching of both nitrogen and potassium can be found in Ref. [1].

The lack of response of the plant-cane to nitrogen fertilization is due to the
mineralization of soil organic matter and the greater nutritional efficiency of the
plant-cane root system, compared to the regrowth [1, 4]. Studies conducted by Ref.
[11] in the coastal plains of Pernambuco (Northeast Brazil) provide more informa-
tion regarding the mineralization of soil organic matter. These authors measured
carbon and nitrogen mineralization in a Red Yellow Podzolic during the plant-cane
cycle. The soil was sampled at 0-20, 20-40, and 40-60 cm prior to planting and
3, 6, 11, and 16 months after planting. Total carbon contents were 6.7, 4.1, and
34g¢g kg_l, while total N contents were 0.7, 0.4,and 0.3 g kg_1 at 0-20, 20-40,
and 40-60 cm, respectively. The estimated amounts of potentially mineralizable
N were 139 and 132 kg per ha at 0-20 and 20-60 cm, respectively, with a miner-
alization constant of 0.074 per week. Ref. [11] also report that although the soil is
considered of low fertility based on the results, the amounts of mineralized organic
N would be enough to satisfy the needs of the plant-cane.

Nitrogen uptake and metabolism are strongly influenced by the endogenous
availability of phosphorus [1, 12, 13]. In plants with adequate P supply, there is an
increase in nitrate uptake from the soil solution and greater nitrate translocation
from roots to shoots, increasing the accumulation of amino acids in leaves and
roots [4, 12, 14]. Ref. [4] reported research conducted in the state of Minas Gerais,
in which the increase of the dose of phosphate fertilization applied in the planting
furrow resulted in higher N accumulation in the biomass of the plant-cane. In this

30



Sugarcane Production Systems in Small Rural Properties
DOI: http://dx.doi.org/10.5772/intechopen.84975

case, for each kg of P applied, there was an increase of about 1 kg of N in biomass.
These results are caused by changes in N uptake and metabolism, as reported by
Refs. [1, 12, 14].

In relation to the planting of sugarcane, an average bud density of 12-15 per
meter of furrow is recommended, which is approximately 12-14 t of seedlings per
ha. As mentioned previously, one should select good quality sugarcane seedlings
(preferably from healthy nurseries) and of first or second cutting at most. It is
also important to confirm seedling health in terms of diseases, pests and mixture
of other cultivars. The arrangement of the sugarcane within the furrow should
preferably be upright with one culm next to the other. The culms are then cut
into billets with two or three side branches, which are subsequently covered with
soil layer ranging from 5.0 to 8.0 cm and should not exceed 10 cm in thickness.
Then, the herbicide application for weed control typically follows the planting of
sugarcane.

8. Weed control

Weeds compete with sugarcane during the growth phase for water, light,
nutrients, and may exude phytotoxic compounds (allelopathy) and host pests and
diseases [4, 15]. Sugarcane exhibits C4 metabolism, which makes it relatively more
competitive in CO, assimilation and nutrient use. However, several weeds are from
the same family as is sugarcane and therefore have the same metabolism. At the
time of harvest, the presence of weeds continues to cause damage, because when
sugarcane is cut by hand and without previous burning, the presence of weeds
decreases the workers’ efficiency and makes them more vulnerable to snake and
scorpion bites. The longevity of the sugarcane plantation also decreases when weed
control is not effective. In most cases, keeping the crop free from competition with
weeds until the vegetation closes the spacing between the rows ensures the harvest
of sugarcane without the presence of weeds.

There are several techniques used for weed management. However, the
combined use of cultural, mechanical, and chemical methods is the most com-
mon [4, 15]. Cultural methods are practices that aim to make sugarcane crop
more competitive in relation to weeds and include reducing planting space,
intercropping or crop rotation with soybean, peanut, corn, and green manure, as
well as the use of high-tillering varieties for faster shading of the soil [4, 15]. In
research conducted by the authors in areas heavily infested with Brachiaria, the
sowing of Crotalaria juncea at the time of the renewal of the sugarcane plantation
had a great suppressive effect (due to shading) and reduced the number of seeds
produced by the grass.

Plows and harrows are used in the mechanical control during the renewal of the
sugarcane plantation. This method is highly efficient, but depends on soil moisture,
solar radiation and the predominant species in the area. For weed control between
the rows of sugarcane, animal traction plows can be used. Manual weeding, once
used, has now been restricted to experimental areas. Mechanical cultivation has
limitations, especially because it does not control the weeds of crop rows. Its effi-
ciency in controlling weeds between crop rows may also be greatly reduced depend-
ing on the climatic conditions and species, such as some grasses of the Brachiaria
genus, which reproduce vegetatively. The chemical method has been the most used
by small producers (Figure 4), with herbicides being used in preemergence or
postemergence of weeds and with those in early or developed stages (Table 6).

Below are some considerations about herbicides commonly used in sugarcane
cultivation.
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Figure 4.
The use of herbicides to maintain the crop free from weed competition until the space between rows is closed
generally guarantees sugarcane harvest without the presence of weeds.

Ametryn: recommended in pre- or early postemergence application, alone
or mixed with other herbicides (diuron, 2,4-D, Tebuthiuron, Clomazone,
Monosodium methyl arsenate (MSMA), and others). This herbicide causes little
toxicity to the sugarcane crop. The effective control period or residual effect is
about 70-100 days. It is effective in controlling Digitaria horizontalis, Brachiaria
plantaginea, Eleusine indica, Portulaca oleracea, Amaranthus spp, Bidens pilosa and
Acanthospermum hispidum. Doses vary from 3.0 to 5.0 L/ha. The smaller doses are
recommended for lighter soils or application in moist soil, while higher doses should
be used in heavy soils or application in dry soils.

2,4-D: recommended for post-emergence application, alone or mixed with other
herbicides (Diuron, MSMA, Tebuthiuron, Ametryn, and others). The effective
control period is 25-40 days. It is effective only in the control of dicotyledons. Doses
vary from 0.8 to 1.5 1 per ha.

Diuron: Recommended in pre- or early postemergence application, alone or
mixed with other herbicides (2,4-D, Tebuthiuron, MSMA, and others). It hasa
residual effect of 150 to 180 days. It is effective in the control of Digitaria horizon-
talis, Brachiaria plantaginea, Eleusine indica, Portulaca olevacea, Amaranthus spp,
Bidens pilosa, Bidens pilosa and Acanthospermum hispidum. Doses range from 1.8 L/
ha (Diuron 500) to 3.2 L/ha (Karmex GRDA).

Diuron + Hexagzinone: sold under the names Advance and Velpar K. Advance is
mostly used in plant-cane and Velpar K in regrowth. Both are applied in pre- or
early postemergence in moist soil. They may cause toxicity to the crop, especially
in sandy soils and in conditions of high moisture content. It has broad spectrum
of control and residual effect of 90-120 days. It is efficient in controlling Panicum
maximum jacq. Cv.Colonido, this is a very present and competitive species in the
cultivation of sugar cane. The doses of Advance and Velpar K vary from 2.2 to 2.8
and 1.5 to 2.7 kg/ha, respectively.

32



Sugarcane Production Systems in Small Rural Properties
DOI: http://dx.doi.org/10.5772/intechopen.84975

Action mechanism Application time Herbicide (Brand)
Membrane disrupters

Oxyfluorfen Pre- or postemergence Goal

Sulfentrazone Preemergence Boral and Solara

Inhibitors of photosynthesis

Ametryn Pre- or postemergence Ametryn, Gesapax, Herbipax, and
Metrimex
Atrazine Pre- or post-emergence Atrazinex, Gesaprim, Atrazine, and

Nortox

Atrazine + Simazine

Pre- or postemergence

Extrazin, Triamex, Primatop, and
Herbimix

Diuron Pre- or postemergence Karmex, Diuron Nortox

Ametryn + Diuron Pre- or postemergence Ametron

Hexazinone + Diuron Pre- or postemergence Velpar K and Advance

Metribuzin Pre- or postemergence Sencor

Simazine Preemergence Gesatop

Tebuthiuron Preemergence Combine, Tebuthiuron

Inhibitors of mitosis and early growth

Alachlor Preemergence Lago

Pendimethalin Preemergence Herbadox

Trifluralin Preemergence Trifluralina Nortox, Treflan, and
Premerlin

Inhibitor of vespiration

MSMA Postemergence Daconate, Dessecan

Inhibitors of amino acid synthesis

Flazasulfuron Pre- or postemergence Katana

Glyphosate Postemergence Glifosato, Roundup, and Trop

Halosulfuron Postemergence Sempra

Imazapic Pre- or postemergence Plateau

Imazapyr Pre- or postemergence Arsenal, Contain e Chopper

Trifloxysulfuron + Ametryn Postemergence Krismar

Inhibitors of pigment synthesis

Clomazone Preemergence Gamit

Isoxaflutole Preemergence Provence

Clomazone + Ametryn Preemergence Sinerge, Ranger

Growth regulators

2,4-D Pre- or postemergence DMA
Dicamba Pre- or postemergence Banvel 480
Picloram +2,4-D Pre- or postemergence Dontor

Table 6.
Main herbicides used in sugarcane and application times in velation to weed emergence.

herbicides (Diuron, 2,4-D, Tebuthiuron, Ametryn, Velpar K, and others). It is effective

MSMA: recommended for late postemergence in direct spray application. It causes
high toxicity to the sugarcane crop. It has been widely used in mixtures with other

in the control of several annual and perennial grasses, as well as nutsedge when it has
about 4-8 leaves. Doses of 0.5-0.87 L/ha are recommended for MSMA 790.
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Tebuthiuron: recommended for preemergence, including application to dry
soils. It is not efficient in postemergence application. It persists in soil for a longer
period, with residual effect of 12-15 months. It should not be used in areas intended
for future renewal of the sugarcane plantation and should use crop rotation with
soybean, peanut, and bean. It has a broad spectrum of control, and it is efficient in
controlling several dicotyledons and grasses, including Panicum maximum jacq.
Cv. Colonido, but not efficient for Digitaria horizontalis.

9. Chemical and organic fertilization of regrowth

The fertilization of the regrowth of sugarcane recommended for small farm-
ers is based on the recovery of nitrogen and potassium removed by harvesting the
previous cut. In one ton of natural matter of sugarcane biomass (industrializable
culms + dry leaves + green leaves + buds), there is 850 kg of industrializable culms
on average. Thus, the average index of industrializable culms in biomass is 0.85. For
each ton of sugarcane biomass exported from the plantation, 1.2 kg of nitrogen and
1.5 kg of potassium are removed [1, 4]. Assuming that the yield of the plant-cane
was 150 t of biomass (about 120 t of industrializable culms), the application of
180 kg of nitrogen and 225 kg of potassium is recommended. There is no need to
split fertilization for fear of leaching losses of both nitrogen and potassium [1].

If sugarcane has been harvested for animal feed, the amount of dry leaves on the
soil is small. Thus, burying the fertilizer between the crop rows is recommended.
Urea can be used as the source of nitrogen in this case. If the fertilizer cannot be bur-
ied between the crop rows, ammoniacal or nitric sources should be used to fertilize
the regrowth, because volatilization losses are very high when urea is applied over
the straw. More detailed information on losses by volatilization and quantification of
potassium in the profile of soil grown with sugarcane can be found in Ref. [1].

The application of the fertilizer in regrowth using a walk-behind spreader has
been traditional in small properties. It is of low cost and precise, which greatly
increases the workers’ efficiency. A worker using a spreader covers more than 2.0 ha
per day. The use of dairy cattle manure to fertilize sugarcane is a way to reduce
production costs, recycle nutrients, and improve soil physical, chemical and bio-
logical properties. The efficiency of dairy cattle manure in the mineral nutrition of
sugarcane depends on the chemical composition of the waste, the dose and environ-
mental factors, especially temperature and soil moisture. The chemical analysis of
cattle manure allows us to calculate the amounts that should be applied to the soil to
restore the nutrients removed by harvesting. Table 7 shows the results of the chemi-
cal analysis of manure of dairy cattle fed with different roughage and amounts
of concentrated feed. In harvesting 150 tons of forage (culms + side branches +
leaves), 150, 45, and 225 kg of N, P, and K, respectively, were removed. The K/N
ratio of forage is 1.5, which is much higher than that of cattle manure. Thus, if the
sugarcane plantation is fertilized with cattle manure, it is necessary to supplement
fertilization with potassium to replace nutrients removed with the harvest.

Poultry litter is another alternative for the organic fertilization of sugarcane. In
recent years, this waste has had its demand and price reduced because of a ban on its
use in cattle feed. The concentration of nutrients in poultry litter is influenced by the
bedding material. Most poultry farmers of the Zona da Mata region use rice husk,
coffee husk, napier grass, shavings, and corn cobs. Table 8 shows the nutrient con-
tents of five poultry litters composed of different bedding materials collected after
being used in a batch of broilers (48 days on average), at a density of 15 birds/m’.

The authors evaluated the maturation and broth quality of the sugarcane variety
RB867515, which were influenced by the fertilization with poultry litter. The study

34



Sugarcane Production Systems in Small Rural Properties
DOI: http://dx.doi.org/10.5772/intechopen.84975

Feed % de N P K Ca M S K/N ratio
DM in

Roughage Concentrad manure o mm— g/kg of manure dry matter-------- .

feed (kg/

cow/day)
Pasture 9.0 141 194 144 12.0 13.9 71 35 0,62
Cornssilage 8.0 139 23.6 10.0 104 10.5 51 31 0,44
Corn silage 10.0 117 211 10.9 11.2 116 4.5 34 0,53
Cornssilage 12.0 129 241 11.2 11.7 12.3 46 36 0,48

Average 131 22.0 116 11.3 12.0 53 136 0.52
Table7.

Percentage of dry matter in dairy cattle manure (% DM in manure) and nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg), and sulfur (S) contents in manure of dairy cows fed with
different roughage and quantities of concentrated feed.

Poultry litter N P K Ca Mg S
e g/kg of DM

Rice husk 34.7a 159b 26.8b 257a 62a 16 ab
Coffee husk 32.8a 144b 28.9ab 25.0a 55b 15b
Napier grass 34.8a 151b 233c¢ 255a 6.0a 15b
Wood shavings 309a 13.7b 244c 258a 57b 14b
Corn cob 34.2a 186a 29.7a 283a 6.7a 18a
Average 335 155 266 26.1 6.0 15.0
CV (%) 10.6 122 10.0 6.6 82 10.1

Means followed by the same letter in the column do not differ statistically from one another by the Tukey test at 5%.
Source: Ref. [16].

Table 8.
Nutrients in dry matter (g/kg of DM) of poultry litter in which five different materials were used for bedding.

was conducted in three agricultural years: first, second, and third regrowth. The
experiment was a randomized complete block design with four replicates. The
treatments consisted of fertilization with three doses of poultry litter 7; 10 and 13 t
of poultry litter dry matter/ha/yr), in addition to a control treatment (no chemical
or organic fertilization), and chemical fertilization (180 kg N + 225 kg K/ha/yr).
Sugarcane was harvested in early August in all 3 years. Fertilization of sugarcane
with poultry litter did not interfere with maturation, nor did it affect broth qual-
ity, even at high doses. The difference in broth quality from 1 year to another was
small. The average of the 3 years for soluble solid content, sucrose in the broth and
broth purity were 22, 19, and 86%, respectively. Thus, the use of poultry litter is as
an organic fertilizer is an alternative to chemical fertilization. Also, just as cattle
manure, it should be supplemented with potassium, because the average K/N ration
in poultry litter is 0.80.

10. Final considerations

The technologies recommended to the small farmers for the implantation and
management of sugarcane plantations have resulted in high yields in the plant-cane
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cycle with small decreases in the subsequent cycles. Furthermore, the techniques
proposed by the authors maximized the use of inputs, land, and human resources,
thus reducing the operating costs.
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Abstract

Brazilian semi-arid region is a recent frontier in the country for agribusiness.
The objective of this study is to apply pedometric tools to zoning areas with distinct
potential and limitations to agricultural purposes. The research was set in three
main steps: (i) to compile a database with all complete profile data collection; (ii) to
analyze the vertical variability of soil properties and select a set of soil key proper-
ties useful to define the land potential and limitations; and (iii) to classify the area
according to potential for agriculture, considering a medium technological level of
the farmers. The quantitative methods applied are supported by geographic infor-
mation systems (GIS) and spatial statistics. The soil data compilation was based on
legacy data, with corresponding topographical data and information from remote
sensing images of the area. Tree-based and geostatistical algorithms were applied to
predict the spatial variability of the soil key properties. The definition of manage-
ment zones was based on Iso Cluster and Maximum Likelihood Classification tools.
The results pointed three different management zones according to risks of salini-
zation and requirements for irrigation control. The approach showed to be a simple
and useful way to select and recommend primarily potential areas for agriculture
based on soil properties.

Keywords: AQP package, pedometrics, soil-depth functions, soil key properties,
zoning management areas

1. Introduction

Soils are essential to human survival, and they provide a wide diversity of
ecosystem services. Among them, soils are at the base of food production, carbon
storage and cycles to atmosphere, water availability, turning biomass into valuable
nutrients and degrading toxic elements, and supporting biodiversity [1]. Soil sur-
veys are a relevant source of soil information and environmental data for many uses
in agriculture and, otherwise, are fundamental for evaluating land capability and
preventing degradation [2]. Ramalho Filho and Pereira [3] highlight the importance
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of assessing regional conditions and soil properties to recommend adequate land-
use management.

However, in Brazil, even though this is well-known, the soil class information is
not commonly taken into account in planning or land-use zoning. One of the
problems is the small scale of available maps from systematic soil surveys
(1:250,000-1:1,000,000) in the country; this small scale is not suitable for recom-
mendations regarding soil management at the farm level [4]. This limits the imple-
mentation of land-use zoning and soil sustainable management practices and
policies.

The northeast region of Brazil presents complex and heterogeneous natural
features in relation to rainfall, soil, and vegetation. It represents a huge challenge for
the use and management of soil and water in sustainable agricultural systems. The
soil degradation observed in some areas of this region is due to irregular rainfall, soil
fertility conditions, and population pressures in a typically fragile environment [5].

Despite of the environmental variability, the northeast region of Brazil has a
unique biome with a particular vegetation type (named “caatinga”). The majority of
soils present shallow superficial horizons and profiles and very low organic carbon
contents [6-8]. The rainfall deficit together with an inappropriate soil management
for agricultural use can lead to desertification processes and to increase soil salinity
in many areas, further degrading the land. Also common is the presence of rocks on
the soil mass and/or surface layers and soils with high clay activity, both implying
strong limitations for tillage. Thus, knowing the distribution of soil classes and
properties is a requirement for land-use zoning.

The manipulation and analysis of a large soil profile collection, in the existing
datasets, can be difficult due to the wide variability of horizon depths and thickness,
as well as the variability among and between soil classes and orders. Addressing this
issue, studies about the variability of soil properties along with depth were devel-
oped by [9-15]. Beaudette et al. [16] introduced the algorithm for quantitative
pedology (AQP) package, which gathers tools to produce standard profile sketches
highlighting differences in soil properties between horizons. It allows to standardize
profile sketches, according to Munsell color chart, and dataset harmonization by
applying the slice-wise algorithm, among other useful tools to express variations
inside a given soil profile collection.

Quantitative studies have been developed in soil science through numerical
modeling relationships between environmental variables and soil, which are applied
to a geographic dataset to create a preliminary or predictive map [17, 18]. All these
techniques are known as pedometrics [17], which represents an interface between
statics and soil science, supporting predictive analysis related with soil classes and
attributes [19, 20]. Based in pedometric concepts, the digital soil mapping (DSM)
allows to study the relationships between soil and forming factors represented by
spectral bands from remote sensing data, surface numerical models, and thematic
maps [17]. Remote sensing data deserves an important place in digital soil mapping,
particularly in flat landscapes, where morphometric covariates have lesser influence
in soil formation [21].

Landsat spectral bands, particularly in the short-wave infrared range (SWIR),
are commonly used to represent the environmental covariates of parent material
and/or soil. Different mineral assemblages will have different spectral reflectances,
which may be separable by analyzing bands 1-5 and 7 [22, 23]. The normalized
difference vegetation index (NDVI) values range between —1 and +1. High positive
values usually indicate the occurrence of dense green vegetation, pointing to an
appropriate supply of water and nutrients. Low values express limited photosyn-
thetic activity, and negative ones correspond to sparse lacking ground coverage
[24]. The soil enhancement ratios of Landsat spectral band ratios 3:2, 3:7, and 5:7
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have been interpreted to accentuate carbonate radicals, ferrous iron, and hydroxyl
radicals, respectively, in exposed soil and geologic materials [25].

The identification of homogeneous zones of management consists in grouping
areas whose environmental characteristics, as relief and soil, are similar. The design
of homogeneous zones must be done according to the soil management, considering
as well the risk of degradation, and it contributes to the sustainable land-use plan-
ning. Sdnchez and Silva [26] pointed out that management areas present similar
response when applied similar agronomic practices and they are subject to the same
risks and limitations of agricultural use.

The cluster analysis deals with segmentation of a set of N objects into clusters
(groups) in a fashion that the same type of datasets falls in a cluster that is different
from those with dissimilar datasets [27]. The results of cluster analysis reveal inter-
nal data structure and improve understanding of data. There are many cluster
algorithms that are available for data partitioning into. This analysis was used to
delineate management zone methods [28], and the authors prefer to apply fuzzy
cluster algorithms, and they are commonly used to define management zones for
precision agriculture. To develop management zones [29], the cluster analysis was
conducted by Management Zone Analyst 1.0.1 (Agricultural Research Services, Uni-
versity of Missouri, Columbia), with a combination of variables (elevation-Electrical
Conductivity-EC, ECah-%Na; elevation-ECah-%Na, elevation-pH 1:1-%Na).

The hypothesis of this study is that the use of soil legacy data allied with modern
tools that are able to analyze large datasets can assist the definition of soil potential
and limitations to agricultural practices and thus assist the land-use planning and
zoning. The work was developed from a legacy dataset of soil surveys made by the
Companhia de Desenvolvimento do Vale do Sdo Francisco (CODEVASF) [30] in the
Brazilian semiarid region.

The specific goals of this study are (i) to identify soil key properties for defini-
tion of different management zones based on area databased and literature; (ii) to
harmonize the dataset according predefined properties; (iii) to produce soil key
property maps through digital soil mapping; and (iv) to create a map zoning the
area according the potential to agricultural uses. This approach was used to
establish the main trends from the profile collection by means of soil-depth func-
tions and to select soil key properties adequate for the area (flatland landscape and
semiarid climate), in this way, separating the areas according to their agriculture
potentials.

2. Materials and methods
2.1 Study area and dataset

The study was conducted in an area located between 9°53'0” and 9°36'30” S and
40°34'30” and 40°23'30"W (with 34,437.82 hectares), in the municipality of
Juazeiro in Bahia State, northeast region of Brazil (Figure 1).

The biome in the region studied was the caatinga [31], an ecoregion character-
ized by xeromorphic vegetation with broadleaf thorny shrubs and trees that shed
their leaves seasonally, cactus plants, and sparse arid-adapted grasses [32]. The
climate is characterized as semiarid with dry winter and rainy summer, and the
coldest month mean temperature remains above 18°C (BSwh’ in the Képpen classi-
fication). The average annual rainfall is 400 mm, with the rainy season extending
from November to April (highest precipitation in March); and average annual
temperature is around 26°C. The xerothermic indexes are between 200 and 150,
comprising of 7 to 8 dry months.
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Figure 1.
Study area and location of soil profiles, over Landsat image (band 3).

At the study site, a portion of the original vegetation has been removed, and
signs of land degradation such as bare soils are common. The landscape is mainly
compounded by flat surfaces, with maximum slopes of 8%, and plateaus are com-
mon in the region. Geology comprises of limestone rocks from the caatinga forma-
tion, gneiss-granite rocks of the Caraiba-Paramirim complex, and recent colluvium/
alluvium sediments [33].

The soils types in the northeast region of Brazil show large variation, according
to parent material and relief, from shallow and with high content of basic cations
(Ca, Mg, K, and Na) to deep and leached profiles [34]. Dominant soil classes
according to the World Reference Base for Soil Resources [35] are Vertisols,
Cambisols, and Planosols, with smaller extension of Regosols, Acrisols, and
Luvisols.

2.2 Soil input data and covariates

The soil properties used in this study were sand, clay, and cation exchange
capacity (CEC), determined according to [36]. The selection of soil properties was
based on two main conditions: (i) presenting variability according to depth and ii)
having importance to agricultural management (e.g., clay or sodium (Na) content).

From the original dataset, with 523 profiles, the ones with complete morpholog-
ical description and analytical data were selected, performed by Companhia de
Desenvolvimento do Vale do Sdo Francisco (CODEVASF) in 1989 [29]. So, the input
dataset comprised of the topsoil (0-20 cm) and subsoil (20-60 cm) layers for 290
soil profiles from a soil survey (legacy data). The sampling was performed
according to the requirements of national soil survey service, correspondent to the
detailed soil survey level [37, 38].
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As covariates, Landsat 5 TM spectral bands were used in this study (Table 1),
from September 1989, available in http://www.dgi.inpe.br/CDSR/. The NDVI
values range between —1 and + 1. In the study area, most of the NDVI values were
below 0.1, indicating little vegetation cover in the study area [39].

2.3 Modeling procedures

Quantitative soil properties, such as clay and sand content, can be estimated
along the depth of soil profile through slice-wise algorithm [16] implemented in R
software through algorithm for quantitative pedology (AQP) package [46]. The
functions calculate an estimative of the main trend of values, represented by
median and the variation interval by quartiles (25th and 75th of data distribution).
The values shown in a column corresponds to percentage of soil profiles contribut-
ing with the function at each depth.

Initially, Pearson’s linear correlation analysis was used to measure the linear
association between variables, to determine among the soil properties defined by
AQP, which correlated with environmental covariates (Table 1). This analysis was
implemented in R [46], through the function cor.test, according to [42, 44, 47]. In
Pearson’s correlation the p-value defines whether or not two variables are statisti-
cally correlated, and for this study, it was defined that values lower than 0.02
indicate that the correlation is significant.

The modeling procedure to execute the random forest (RF) prediction was
performed in R software, through randomForest (RF). RF is a nonparametric tech-
nique developed by Breiman [48] as an extension of classification and regression
tree (CART) systems, to improve the performance of the predictors. To implement
the RF models, three parameters are necessary: number of trees in the forest
(ntree); minimum amount of data in each terminal node (nodesize); and number of
covariates used in each tree (mtry) [49]. The ntree value was set to system default
(500), although more stable results can be achieved with a larger number [50]. The

Covariates Spatial resolution Spectral range References
(m) (um)*
Band 1 30 0.450-0.515 [23, 39-42]
Band 2 30 0.525-0.605
Band 3 30 0.630-0.690
Band 4 30 0.755-0.900
Band 5 30 1.550-1.750
Band 7 30 2.090-2.350
NDVI (Band 4 - Band 3)/(Band 4 + Band 3) 30 [11, 23,
Band 3/Band 2 30 — H1-44]
Band 3/Band 7 30 —
Band 5/Band 7 30 —
GSI (Band 3 - Band 1)/(Band 3 + Band 30 — [45]
2+Band 1)
*Landsat 5 satellite
Table 1.

Covariates used in spatial prediction of soil properties.
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nodesize value was set to 5 for each terminal node, as usually selected in regression
studies. The mtry value chosen in this study was according to Liaw and Wiener
[49], which proposes an amount corresponding to one third of the total number of
predictor variables for regression problems.

Although Na showed a significant correlation at the two depths, according to the
Pearson correlation analysis, the preliminary results using the random forest (RF)
model were very unsatisfactory. Thus, exceptionally for this property, the RF model
has been replaced by ordinary kriging (OK). Semivariograms were used to analyze
the spatial structure of the Na, and to generate predictive maps, in both depths. The
OK was performed in R software, through krige function [46]. OK model is the
most familiar type of kriging and provides an accurate estimate for an area around a
measure sample [51].

The model’s performance was evaluated based on independent validation set,
which was not used in the training procedure. Thereby, the 290 soil samples were
randomly divided into 2 independent datasets in the R software; one of these was
used in the training process (200 soil samples) and another for the validation
process (90 soil samples). The analysis of the model’s performance was based on the
correlation between the measured values (validation samples) and estimated
values, calculated by the coefficient of determination (R?), the root mean square
error (RMSE), and mean error (ME), presented as Egs. (1) and (2):

1 n 2
MmﬁquELﬂé ¢

ME:1§5¢ (2)

where “d” is the difference between the observed and estimated values and “n”
is the number of samples used in the validation process.

The RMSE is a measure of the overall error of the estimation and commonly is
used to estimate the error or uncertainty in places where the error was not mea-
sured directly; thereby, the higher the values of RMSE, the greater the differences
between the datasets [52]. The ME gives the bias and allows evaluation of
overestimation (positive values) or underestimation (negative values); values close
to zero are preferable.

2.4 Definition of management zones

Management zones were defined in this study according to potential for agri-
culture, considering variability of soil key properties along profile depth, impor-
tance of soil properties for the land management, and the performance of the
models to predict the spatial variation of the properties. Based on the maps for the
selected soil key properties, an unsupervised classification was performed by using
a series of input raster bands (Na, CEC, clay, and sand) using the Iso Cluster and
Maximum Likelihood Classification tools from ArcGIS Desktop 10.3.

The Iso Cluster tool uses a modified iterative optimization clustering procedure,
also known as the migrating means technique. The algorithm separates all cells into
the user-specified number of distinct unimodal groups in the multidimensional
space of the input bands; the iso prefix of the isodata clustering algorithm is an
abbreviation for the iterative self-organizing way of performing clustering. In the
clustering process, during each iteration, all samples are assigned to existing cluster
centers, and new means are recalculated for every class. The optimal number of
classes to specify is usually unknown. Therefore, it is advised to enter a
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conservatively high number, analyze the resulting clusters, and rerun the function
with a reduced number of classes [53].

3. Results and discussion
3.1 Algorithm for quantitative pedology (AQP)

The AQP package allows to gather a set of functions to work and to analyze large
soil profile collections. Depth functions of soil key properties used to distinguish the
profiles are presented in Figure 2 and Figure 3. The percentage values plotted along
the profile shows the relative quantity of profiles used in the soil-depth function to
calculate the statistics (median and quartiles) at each depth.

The study area presents shallow soils, sometimes with high base saturation; but
the main limitation for agricultural use is the soil texture and high clay activity,
which will influence the soil moisture to adequately manage the soils due to their
high plasticity.

The pH and the calcium (Ca) content presented a linear trend of median values
along depth (Figure 2), even though a smaller number of soil profiles (less than
25%) were used in the estimative for deeper than 150 cm depth. However, different
patterns were shown for potassium (K), sodium (Na), electrical conductivity (EC),
and cation exchange capacity (CEC). The soil key properties Ca, K, and CEC
showed more variability around the median value, thus presenting a better predic-
tive potential to distinguishing soils with different parent materials and high clay
activity, respectively.

It is pertinent to select which soil key properties could indicate differences in soil
behavior along depth and are relevant for land management. From the analyses of
Figure 3, it is possible to conclude that clay and sand contents have an opposite and
large variability among the profiles of the collection; thus, they have great potential
to aid in the definition of soil management zones. Since both properties are
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Figure 2.
Depth functions for soil key chemical properties. EC, electrical conductivity; CEC, cation exchange capacity.
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important to irrigation and mechanization practices, they were selected as criteria
for agricultural zoning.

3.2 Predictive models

3.2.1 Pearson’s correlation

The Pearson correlation coefficients (Table 2) showed that in general, the envi-
ronmental covariates were significantly correlated with all soil properties analyzed
(p < 0.05). The sand content was significantly correlated with covariates b5, b7,

Variables Soil properties
Sand
Depth (cm) 0-20 20-60 0-20 20-60 0-20 20-60 0-20 20-60
b1 0.303 0.212 0.236 0.599 0.289 0.667 0.001 0.000
b2 0.198 0.321 0.431 0.177 0.848 0.723 0.001 0.000
b3 0.281 0.396 0.631 0.274 0.360 0.687 0.001 0.000
b4 0.037 0.040 0.009 0.072 0.002 0.016 0.019 0.000
b5 0.000 0.001 0.000 0.002 0.000 0.001 0.099 0.001
b7 0.000 0.002 0.000 0.003 0.000 0.000 0.152 0.001
NDVI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
b3/b2 0.267 0.218 0.712 0.291 0.028 0.051 0.108 0.041
b3/b7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
b5/b7 0.702 0.990 0.274 0.718 0.000 0.001 0.617 0.082
GSI 0.000 0.000 0.000 0.000 0.649 0.493 0.010 0.000
Table 2.

Pearson’s correlation (p-value) between soil properties (sand, clay, CEC, and Na) and environmental

covariates (b1, b2, b3, b4, bs, by, NDVI, b3/2, b3/by, b5/b7, and GSI).
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NDVI, b3/b7 ratio, and GSI (Table 2). These results do not agree with [44], who
found no correlation between sand content and the Landsat 5 TM image data. Only
the covariate b3/b7 was strongly correlated (r = —0.58 and —0.49, topsoil and
subsoil, respectively) with the sand content [54], whereas the NDVI was moder-
ately correlated (r = 0.39 and 0.36, topsoil and subsoil, respectively) and the other
covariates weakly correlated, with r values below 0.27 (positive or negative)
(Table 3).

Inverse relationships were observed between clay content and the environmen-
tal covariates, but magnitudes were the same as those observed for sand (Table 2),
except for the covariate b4 (topsoil) which had no correlation with sand; similar
results were reported by [42, 55]. The most relevant covariates were b3/b7
(r = —0.56 and —0.51, topsoil and subsoil, respectively) and NDVI (r = —0.36 and
—0.37, topsoil and subsoil, respectively). These results vary among authors in the
literature. Significant correlations were obtained between clay, the NDVI index,
and b3/b2 and b5/b7 band ratios by [44], while there was no correlation between
clay and the b3/b7 ratio band. On the other hand, Ahmed and Igbal [56] found
significant correlations between clay and bands 4 and 6 using Landsat 5 TM.

The CEC was significantly correlated with the covariates b4, b5, b7, NDVI, and
b3/b7 and b5/b7 ratios (Table 2). Only the covariate b3/b7 was strongly correlated
(r = —0.45 and —0.44, topsoil and subsoil, respectively) with the CEC [54], whereas
the other covariates were weakly correlated, with r values below 0.27 (positive or
negative) (Table 3). A strong correlation was observed by [55] between the CEC
and covariates measured by ASTER spectral bands (1-8). The Na content was
significantly correlated with most of the covariates, except with b7 (topsoil) and b3/
b2 and b5/b7 ratios (Table 2). However, none of the covariates had a strong or
moderate correlation with Na content (Table 3), which may explain the very low
performance of the random forest model in the prediction of this soil property.

The study performed by Dematté et al. [57] highlighted that the correlation with
a particular spectral band is directly related with soil characteristics in specific
regions, explaining the differences between study cases.

Variables Soil properties
Sand Clay CEC Na

Depth (cm) 0-20 20-60 0-20 20-60 0-20 20-60 0-20 20-60
b1 0.06 0.07 —-0.07 —0.03 —0.06 —0.03 0.19 0.32

b2 —0.08 —0.06 0.05 0.08 —0.01 0.02 0.20 0.34

b3 —0.06 —0.05 0.03 0.06 —0.05 —0.02 0.19 0.32

b4 0.12 0.12 —-0.15 -0.11 —0.18 —-0.14 0.14 0.27

b5 0.23 0.20 -0.25 —0.19 —0.24 —0.20 0.10 0.20

b7 0.21 0.18 —-0.24 —0.18 —-0.27 -0.23 0.09 0.19

NDVI 0.39 0.36 —0.36 —-0.37 —-0.22 -0.23 -0.21 —-0.27
B3/b2 0.07 0.07 —0.02 —0.06 0.13 0.11 -0.10 —-0.12
b3/b7 —0.58 —0.49 0.56 0.51 0.45 0.44 0.24 0.29

b5/b7 —0.02 0.00 0.06 0.02 0.21 0.20 —-0.03 -0.10
GSI -0.27 -0.26 0.21 0.24 0.03 0.04 0.15 0.23

Table 3.

Pearson’s correlation coefficient (v) between soil properties (sand, clay, CEC, and Na) and environmental
covariates (b1, b2, b3, b4, bs, by, NDVI, b3/2, b3/b7, b5/by, and GSI).
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3.2.2 Predictive models

In the training process, the RF model only maintains the covariates that had
moderate or strong correlation with the soil properties (Table 3). The results
obtained by the predictive models (RF and OK) using an independent dataset for
validation (90 samples) are illustrated in Figure 4. In this study, the results
obtained by RF models in the topsoil layer were higher than those obtained by
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Figure 4.

Results obtained by prediction models using independent validation samples. (a) Topsoil sand—RF; (b) subsoil
sand—RF; (c) topsoil clay—RF; (d) subsoil clay—RF; (e) topsoil CEC—RF; (f) subsoil CEC—REF; (g) topsoil

Na—OK; (h) subsoil sand—OK.
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subsoil for sand (R” = 0.58 and 0.44 and RMSE = 91.95 and 90.32 g kg™, topsoil and
subsoil, respectively) and clay (R* = 0.53 and 0.45 and RMSE = 75.71 and

73.45 g kg ', topsoil and subsoil, respectively). The results were higher in subsoil
than topsoil for CEC (R” = 0.44 and 0.59 and RMSE = 8.62 and 7.47 cmol. kg ',
topsoil and subsoil, respectively) and Na content (R* = 0.15 and 0.26 and

RMSE = 0.18 and 0.37 cmol, kg7, topsoil and subsoil, respectively) (Figure 4).

The results achieved by RF models were superior (topsoil) or similar (subsoil) to
[58] that used terrain properties derived from a digital elevation model, for sand
(variance explained = 30%) and clay (variance explained = 43%). In a study in
Nigeria [59], percentages of variance explained (Var.) for RF models were of 48—
49% for sand and 53-56% for clay in the top soil layer (0-15 cm). These values are
inferior or similar to those obtained in this study for sand, similar for clay in the
topsoil and superior in the subsoil. Therefore, the RMSE results for sand (19.26—
19.67 g kg ") and clay (13.11-13.59 g kg ') were lower than those in the present
study for the topsoil and subsoil layers (Figure 4). Lower Var,, values were
reported by [60] for sand (33-35%) and clay (31-35%).

The Var,, obtained for CEC using the validation samples was 47% (R2 = 0.47)
for topsoil layer and 59% (R2 = 0.59) for subsoil layer. The goodness of fit estimated
by RMSE was 8.62 and 7.47 cmol.. kg " (topsoil and subsoil, respectively). Regard-
ing the model’s performance, the results can be considered satisfactory; besides
that, few studies in literature have used RF to predict soil CEC, and no one has used
only remote sensing data as main covariates. The present results showed worst
performance from statistical indexes when compared with those obtained by
Lagacherie et al. [61], which reached 79% for Var,, for the layer between 15 and
30 cm and 3.4 cmol. kg ' for RMSE, using as input data terrain attributes and
hyperspectral data in the visible and near infrared (AISA-Dual) with 5 m of spatial

Statistics Dataset Predictive model
Random forest Ordinary kriging
Sand Clay CEC Na Sand Clay CEC Na
gkg! cmolc kg ! gkg! cmolc kg *
Topsoil
Min 75 133 5.71 0.01 175 235 12.30 0.14
Max 802 640 61.41 3.59 626 594 54.33 0.57
Mean 334 449 33.29 0.37 338 449 34.27 0.34
SD 144 113 11.91 0.37 103 78 8.52 0.07
Ccv 43 25 36 100 30 17 25 206
Subsoil
Min 100 160 6.59 0.01 165 204 10.69 0.17
Max 672 673 62.15 7.99 576 623 51.28 1.26
Mean 308 484 33.99 0.71 308 483 35.24 0.65
SD 125 102 11.54 0.69 85 76 7.86 0.21
CvV 41 21 34 97 28 16 22 32

Min, minimum; Max, maximum; SD, standard deviation; CV, coefficient of variation

Table 4.
Descriptive statistics from soil samples and predictive models for topsoil and subsoil.
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Figure 5.
Spatial distribution of soil physical properties estimated by the RK models. (a) Topsoil sand; (b) subsoil sand;
(c) topsoil clay; (d) subsoil clay.

resolution. The difference from this study may be related to the coarser spatial
resolution of images from Landsat 5 (30 m), in comparison with Lagacherie et al.
[61] who used hyperspectral data (5 m). The influence of spatial resolution in the
prediction of soil properties is reported by other studies [62, 63].

However, in this study the performance of metrics for CEC prediction was
better when compared to the values (9.49 cmol. kg~ ') achieved by [60]. The poor
performance was explained by the authors as due to the small-scale variation of
parental material and erosion/deposition rates, which were not captured by the
spatial resolution of the covariates (100 m). The authors also highlighted impor-
tance of input dataset to improve the models’ performance.

The semivariogram obtained for Na content (Figure 4) provides a description of
the spatial dependence and indicates processes related with the spatial distribution
[65]. For both depths, the best semivariogram was the exponential model. The
semivariograms for topsoil and for subsoil (Figure 4) used to estimate the Na
content present a R2 of 0.26 and RMSE of 0.37 cmol, kg " and R2 of 0.15 and RMSE
of 0.18 cmol, kg, respectively. The descriptive statistics of soil properties predic-
tion for the predictive models are presented in Table 4.
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Spatial distribution of soil chemical properties estimated by the RF and OK models. (a) Topsoil CEC;
(b) subsoil CEC; (c) topsoil Na content; (d) subsoil Na content.

The RF model produced predicted values for sand, clay, and CEC within the
range of the original values (Table 4), with a smaller standard deviation and
coefficient of variation, as expected for this model [64]. The same was true for Na
content in the OK model. However, the map produced presented a smaller range of
values than the original dataset, which, according to [65], means that this model
had low accuracy to describe the spatial variation of Na content, corroborating
results found when predicting this property at both depths. The mean values for
sand, clay, CEC, and Na content in both depths (Table 4) are closer to the values of
the original dataset. The CV for both models was smaller than the CV from the
original dataset, except for Na content in the topsoil.

These results could be explained by the moderate correlation of soil properties
with the covariates and predominance of short-scale variations that could not be
modeled from the set of profiles used. The results were considered satisfactory,
except for Na content, and they can be ascribed to the physical interference of soil
properties in the incident and reflected energy. However, the quantification of soil
properties using an orbital sensor is not an easy task due to complexity of soil
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dynamics and formation [66]. The spatial distribution of soil properties according
to the predictive models is shown in Figures 5 and 6.

3.3 Definition of the management zones

Based on the maps created for each soil key property, the zoning procedure
was applied by using Iso Cluster and Maximum Likelihood Classification tools.
The descriptive statistics and the map produced are presented on Table 5 and
Figure 7, respectively.

Management zones MIN MAX Range Mean STD
Na (0-20 cm)

1 0.14 0.57 0.43 0.35 0.05
2 0.14 0.57 0.43 0.33 0.08
3 0.14 0.57 0.43 0.29 0.09

Na (20-60 cm)

1 0.17 121 1.05 0.72 0.16
2 0.17 1.25 1.09 0.62 0.19
3 0.17 1.26 110 0.52 0.29

CEC (0-20 cm)

1 26.90 54.33 27.43 41.88 3.87
2 15.17 47.03 31.86 31.55 4.40
3 12.30 35.81 23.50 20.85 3.63

CEC (20-60 cm)

1 24.32 51.28 26.96 4170 4.29
2 14.39 48.22 33.83 33.18 4.46
3 10.69 37.09 26.41 23.15 4.48

Clay content (0-20 cm)

1 401.4 593.7 192.3 520.1 259
2 321.2 536.7 2155 427.2 27.7
3 234.2 501.3 267.1 313.0 38.3

Clay content (20-60 cm)

1 457.3 623.0 165.7 552.4 26.0
2 325.8 574.9 249.0 457.2 309
3 204.2 488.3 284.1 362.4 55.3

Sand content (0-20 cm)

1 175.0 370.9 195.9 2427 31.6
2 221.0 538.1 317.1 369.1 37.2
3 230.7 626.1 395.5 512.3 51.8

Sand content (20-60 cm)

1 164.5 321.4 156.9 228.8 24.3
2 201.5 518.3 316.9 335.7 37.9
3 209.9 576.3 366.4 447.0 47.5

MIN, minimum; MAX, maximum; STD, standard deviation

Table 5.
Descriptive statistics of the management zones separvated by layers 0-20 and 20-60 cm.
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The conditions to define the agricultural zones have to be adjusted according to
available data and heterogeneity of soil properties in the study area, in this case
located in a semiarid region.

Zone 1 presents the greater amount of Na in both layers, and it is associated
with greater values of CEC as indicated by the mean values, than Zones 2 and 3.
The same condition is verified for clay content, where Zone 1 has the greatest mean
value in both layers (0-20 and 20-60 cm). As expected, sand content shows the
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Management Zones éf-
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2 2
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- Fone 1 - Is the zone with greater amount of Na in both lavers associated with
greater values of CEC when observing the mean values, The same condition is

verified to Clay content, where this zone has the greatest value of clay content
mean in hoth lavers (0-20 and 20-60 cm).

T | Zone 2 - This zone is characterized by medium values of Na in bath layers

“ compared to Zones 1 and 3. The CEC values follow the same trend of Na, with
medinm valoes, The Clay and Sand contents are in intermediary between the
athers zones,

Lone 3 - Characterized by the lower values of Na and CEC in both layers
this zone presents the soils with lower Clay content and greater Sand content.

Figure 7.
Zoning of the study area according to selected soil key properties.
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opposite pattern. Zone 1 occupies 42.6% of the area (1467 ha), and it has greater
risk of salinization due to the higher mean values of Na. Even though Zone 1 has the
greater mean values of CEC, it is associated to the high Na content and high content
of clay, and possibly high clay activity (2:1). These properties limit the soil potential
and irrigation management, further increasing salinization risks.

Zone 2 is characterized by medium values of Na in both layers, when compared
to Zones 1 and 3. The CEC values follow the same trend of Na, with medium values,
and clay and sand contents are intermediary. This zone occupies 41.7% of the area
with 1436 ha. Zone 2 presents medium effort and limitation to soil management,
considering risks of salinization and requirements for irrigation control.

Zone 3 is characterized by the lowest values of Na and CEC in both layers; it has
the soils with lowest clay contents and proportionally greatest sand contents. This
zone occupies 15.7% of the area with 539 ha. Zone 3 has the lowest mean values of
CEC and Na, which decrease risks of salinization; plus, the lower clay content is less
limiting to soil mechanization.

4. Conclusions

The approach based on the combination of orbital remote sensing data, with
random forest (RF) and OK models to predict properties of soils in the Brazilian
semiarid region, was considered satisfactory for sand, clay and CEC contents, and
unsatisfactory for Na content.

The use of remote sensing data to map soil properties in flat relief areas, where
common topographic covariates may not result in adequate maps by digital soil
technics, is an advance. However, more research is needed to improve the quality of
the covariates used as an input data.

The zoning procedures through multivariate analysis allowed to identify areas
with higher salinization risks and where the management of irrigation is more
complex. In the same way, the approach allowed to recognize zone of soils with
lower sodium content and clay activity, which are preferred to grow annual crops.
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Chapter 4

Economic Approach to Risk
Analysis of Naturally Occurring
Radioactive Materials (NORMs) in
Dairy Milk Products Consumed in
Nigeria

Ezekiel O. Agbalagba and Hannah O. Agbalagba

Abstract

One of the UN SDGs is for sustainable food for all; thus the need for safety in
milk consumption in Nigeria which is also consonant with the NAFDAC regulatory
plan of safety of food in Nigeria. This research work examined the radioactivity
content in milks (powdered and liquid) consumed in Nigeria using sodium iodide
(7.6 cm x 7.6 cm Nal(Tl)) detector. The estimated total cost of health detriment of
consumption of the investigated milk products shows that the children age group
has the highest cost health detriment per-caput dose with an estimated total cost of
health detriment of US $17.26 million, followed by the adult age group with an
estimated cost implication of US $11.86 million, and infants with the least computed
cost implication of US $10.192 million. The overall results show that the milks
consumed in Nigeria are radiologically safe and may not constitute any direct
radiological health burden to consumers of these milk brands. Optimization of
radiation protection mechanism for cost-benefit analysis is recommended.

Keywords: gamma spectroscopy, milk samples, natural radioactivity,
economic-benefit analysis

1. Introduction

Radionuclide consequence recognizes no boundaries and therefore it is trans-
border in nature. It can migrate through food, air, and soil and be transported to
faraway countries from where its pollution or contamination occurs. An assessment
of any release of radioactivity to the environment is important for the protection of
public health, especially if the released radionuclides can enter the food chain. Milk
as a staple food may naturally represent a comprehensive radioactive food chain
because cows consume grass and are exposed to the same radioactive elements as
food crops and water supply.

Contamination pathway: emitted radionuclides go into the human body
through multifaceted mechanisms which include the intake of foodstuffs via food
chain from natural sources. Vegetables and green leafy are susceptible to exterior
contamination during the growing season, whereas roots and tubers get
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contaminated through the ingestion of nutrient from the soil [1, 2]. Grains are
subjected to contamination mostly during storage or fallout may occur during the
growing season as in the case of Fukushima Daiichi nuclear fallout. These liberated
radionuclides may be transported into the grains and grasses through the plant
growth process and find their way into the food chain when grazed by a cow [3].
Pollution of dairy products like milk is largely due to animal grazing and consump-
tion of contaminated grass and drinking waters. Thus grass is essentially a direct
source or pathway of radionuclides to animals and to man through meat and milk
consumption. If dairy milk starts testing positive for high level of radioactive ele-
ments, this is indicative of radioactive contamination of the total food supply [4].
Milk samples that contain high levels of radioactivity when ingested by man could
accumulate in certain parts of the body, for example, uranium-238 and radium-226
accumulates in human kidney and lungs, and thorium-232 accumulates in human
liver, skeleton, tissue, and lungs, while potassium-40 accumulates in the muscles
[5]. The accumulation of these radionuclides in any vital organs of the human body
will affect the health condition that may cause various forms of diseases and weak-
ening of the immune system and contribute to the increase in mortality rate [6].

1.1 Statement of the problem

Since the end of Second World War in 1948, research works on radionuclide
contamination of food in the environment, and its transfer mechanism and pathway
to animals and human population have been reported with vigor (ICPR, 1993 &
2000, [2, 7-11]); milk has been one of the staple foodstuff products that was
featured prominently in the food items studied [9]. This may be due to its vital
position in a family’s daily food consumption plan, thus a reliable indicator of
natural radionuclides to man for its high consumption rate globally. It is one of the
essential food for human nutrition and contains most of the macronutrients,
namely, protein, carbohydrates, fat, vitamins (A, B, and D groups), and trace
elements such as calcium, phosphate, magnesium, zinc, and selenium [7, 12]. Milk
is a rudimentary foodstuff for the infants compared to adults, on apparent body
weight basis. Thus, milk consumed in Nigeria need to be assessed for radiological
risk level for proper economic benefit analysis. It is therefore pertinent to set a
radionuclide regulatory framework necessary in establishing guidelines relating to
radiation protection in milk as a staple foodstuff. To the best of our knowledge,
comprehensive data base on levels of radionuclides in staple foodstuffs and
standard radionuclide regulatory framework for food imported and consumed in
the country are inadequate, these lay credence to this research work.

1.2 Aim and objectives of the study

This research work was designed to examine the level of natural radionuclides
present in liquid and powdered milk products consumed in Nigeria with a view to
establishing their specific activities and compare same with values reported in other
parts of the world. Assessment of the annual internal dose from the intake of the
milk product will be determined, while the doses to the different sensitive human
organs were estimated to establish their radiological risk to man. The result would
be a contribution to the creation of a standard catalogue of natural radioactivity in
foodstuff (milk) in Nigeria. This can serve as a baseline data for possible evaluation
of future change in activity levels of these milk products due to environmental
factors, ingredient composition, etc. The result obtained in this study will also be
useful to the country food and drug regulatory body which has the obligation to
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protect the public health by ensuring that only the right quality of food and drugs
are imported and consumed in the country.

2. Materials and methods
2.1 Sample collection

To collect milk samples that represent a fair proportion of milk products con-
sumed in Nigeria, a survey was carried out, which involves visiting homes, major
supermarkets, fast food outlets, hotels, and major milk distributors throughout the
six geopolitical zones in Nigeria. The survey revealed that the acceptability of
brands of the milk (powdered or liquid) is dictated by its availability, cost, and
social class of consumers. The availability of specific products in a region is closely
related to the proximity to the manufacturer or key distributor and the awareness
due to advertisement of the products in the area. This in situ assessment has shown
that 10 leading powdered milk and 11 liquid milk brands were consumed by a large
sector of the populace in the six geopolitical zones of the country in the following
order: Peak > Cowbell > Coast > Loya > Nunu > Miksi > Dano > real milk for
powdered milks and peak > Three Crown > Coast > Hollandia > Olym-
pic > Nunu > Nutri milk > vital milk > Lady liberty > Bridel in liquid milks, of
these Dano milk (Demark), Bridel milk (France), and Lady liberty (USA) are
imported milk brands. These 10 powdered milk brands and 11 liquid milk brands
were then sourced from various shopping malls and local markets. Two hundred
(200) grams of the powdered milk collected was put in a cylindrical polystyrene
container and sealed with tapes to prevent radon permeability, while for liquid
milk, 200 cl of the homogenous samples was filled into a Marinelli beaker which
was hitherto washed, rinsed with diluted H,SO, acid to prevent the samples from
being contaminated, and sealed and weighed as samples for gamma spectroscopy
analysis.

2.2 Gamma spectroscopy analysis

The collected sealed samples were left for a minimum of 4 weeks to allow secular
equilibrium prior to the counting of the samples for radioactivity concentration.
The counting for radioactivity was carried out using a 7.6¢m x 7.6¢m Nal(T1)
detector for 10 h (Model Bircom, USA) housed in a 10-cm-thick lead shield to
reduce background gamma radiation. The detector with energy resolution
(FWHM) of 7.5% at 662 keV was coupled to a set of electronics which consist of
pre-amplifier, main amplifier, analog-to-digital converter (ADC), and a Canberra
Multichannel Analyzing (MCA) computer system. The integrated spectroscopy
system was used for the power supply and the data acquisition of the energy spectra
and utilized SAMPO S100 software package from Canberra (MAESTRO window
USA). The energy calibration of the detector was performed between the gamma
energy range of 83 keV and 1875 keV using International Atomic Energy Agency
standard point sources (*°°Cd, *’Co, *’Cs, >*Mn, and **Na), the energy range of the
radionuclide to be identified. To simulate the milk samples, 100 g of IAEA-375
reference sample was used. The radioactivity concentrations of ***Ra/***U were
determined from the photopeaks of 609.32 keV (***Bi), 1120.20 keV (**Bi), and
352.6 keV (***Pb) and that of ***Th from 969.3 keV (***Ac) and 583.78 keV (*°*TI),
while the radioactivity of *°K was evaluated from 1460.3 keV photopeak following
the decay of *°K. The background spectrum measured under the same settings for
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both the standard and sample measurement was used to correct the computed
sample activity concentration in agreement with Arogunjo et al. [13].

3. Results and discussion
3.1 Results

The measured radioactivity levels of the three naturally occurring radionuclides,
226Ra, 232THh, and “°K, identified in the sampled milk under investigation including
their uncertainty are presented in Table 1.

The obtained results of the radioactivity concentration indicate that ***Ra activ-
ity in powdered milk varied from 14.2 + 5.9 Bq kg ' t0 26.8 + 8.3 Bq kg ' with a
mean activity concentration of 19.3 + 7.2 Bq kg ', and ***Th activity varied from
8.8 + 3.6 Bq kg " to 15.0 + 5.9 Bq kg ! with a mean activity concentration of
12.1 + 4.8 Bq kg ', while *°K varied from 317.5 4+ 77.6 Bq kg ' to
589.8 + 94.6 Bq kg " with a mean activity level of 468.0 + 72.7 Bq kg™ ". The ***Ra
radioactivity concentration in liquid milk varied from 12.2 + 4.7 Bq kg™ " to
21.2 + 8.3 Bq kg~ ! with a mean activity concentration of 16.6 + 6.3 Bq kg, and
#2Th activity concentration varied from 6.8 + 3.0 Bq kg "t013.2 + 6.1 Bq kg '
with a mean activity concentration of 10.6 £ 4.3 Bq kgfl, while *°K varied from
218.6 + 39.4 Bq kg ' to 484.2 + 67.9 Bq kg ' with a mean activity level of
317.6 + 58.5 Bq kg . It was observed that *°K samples have the highest activity
concentration trailed by **Ra samples, while *Th samples had the least activity
level. Evaluation of the three naturally occurring radionuclide concentrations in the
milk samples with the UNSEAR 2000 permissible limit for powdered milks and
liquid milk samples shows that all **Ra and ***Th activity levels in both samples are
well below the permissible limits, while *°K exceeded the permissible limit in Peak
milk, Peak Chocolate, Cowbell Chocolate, Loya, Miksi, Coast, Real, and Nunu milk
for powdered milk and exceeded the permissible limit for liquid milk in Vital and
Nutric milk. It is pertinent to note that the activity levels determined in the current
study are above the values gotten for milk consumed in some countries like Saudi
Arabia [7]; Iran/France [14]; Jordan [15]; Egypt [16]; and Syria [17], while the
values are comparable to those milk consumed in other countries like New Zealand
[14] and Brazil [18]. Conversely, this result shows that the mean activity concen-
trations in the various milk brands sampled are well within their international
permissible limits. The difference in the radioactivity levels in the various brands of
milk sampled suggests that the source of raw materials used for the production of
the milks is a contributory factor.

The estimated Radium equivalent (Ra,,), annual gonadal dose equivalent
(AGED), internal hazard (H;,) indices, annual effective dose equivalent (AEDE)
received, and excess lifetime cancer risk (ELCR) for the various milk products
sampled are presented in Table 2.

3.2 Radium equivalent activity (Ra.,)

The model of the radium equivalent activity establishes the use of a single index
to define the gamma output or compare the specific activities of materials
containing **°Ra, ***Th, and *°K by a single quantity, which takes into consideration
the radiation risk associated with these NORMs [19-22]. The radium equivalent
activity represents a weighted factor of activities of the three natural radionuclides
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S/N Powdered milk sample Radioactivity concentration (Bq kg ")
26g, 2327y a0

1 Peak milk 26.8+8.3 9.5+£22 536.14+84.3
2 Peak Chocé milk 17.6 £ 6.9 123+41 424.7 £ 679
3 Cowbell milk 174 +71 13.1£5.4 3175+ 77.6
4 Cowbell Chocé milk 16.4 + 6.7 8.8+ 3.6 5442 1+ 83.4
5 Nunu milk 265+ 6.5 10.1 £+ 4.9 513.5£74.3
6 Loya milk 142 £5.9 147+ 6.1 413.3 £ 83.3
7 Miksi milk 151472 12.8 £5.5 589.8 + 94.6
8 Coast 18.6 + 6.0 13.3+6.3 422.4 + 64.4
9 Real milk 21.0 £8.5 15.0 +£5.9 519.9 + 95.6
10 Dano milk (Demark) 195+ 8.4 109 £ 4.2 398.4 £ 66.3

Mean activity conc. 193+7.2 121+ 4.8 468.0 +=72.7
S/N Liquid milk sample Radioactivity concentration (Bq1?)

26g, 2327y 40

1 Hollandia milk 122+ 47 12.6 £5.8 321.4 £ 66.3
2 Vital milk 212 + 8.4 9.9+38 476.1 + 84.1
3 Nutric milk 15.0 £5.9 89+32 484.2 £ 67.9
4 Peak milk 132+ 4.6 8.0+31 218.7 £ 49.0
5 Three Crown milk 172 +83 132 +5.7 3242+ 519
6 Olympic milk 16.3 + 4.5 125+ 4.6 268.9 & 58.6
7 Coast milk 18.1£55 132+6.1 312.8 £49.3
8 Nunu milk 175+ 6.3 9.9+3.6 218.6 4 39.4
9 Condensed Peak milk 192+ 8.4 10.6 £ 4.2 2729 £50.1
10 Bridel milk (France) 158+ 6.5 113+ 4.6 2822 +733
1 Lady Liberty (USA) 142 +6.1 6.8+3.0 313.3 +£53.3

Mean activity conc. 16.6 £ 6.3 10.6 = 4.3 317.6 + 58.5

Table 1.

Specific activity concentration of the powdered and liquid milk products commonly consumed in Nigeria.

measured and is based on the estimation that 1.0 Bqkg " of *°Ra, 0.7 Bq kg * of
*2Th, and 13.0 Bq kg ' of *°K produce equal radiation dose rates [23, 24].
The radium equivalent activity concentration is given as [23]:

Raeq = Cra + 1.43 Cry, + 0.0770 Cx (1)

where Cg,, Cr;, and Cy are the radioactivity concentrations in Bq kgf1 of 2°Ra,
*32Th, and *°K, respectively.

The consumption of any foodstuff whose Ra,, concentration exceeds 370 Bq kg "
should be discouraged to avoid radiation hazards. The result of the estimated
radium equivalent dose rates in Table 2 shows a value range of 60.6 +20.8 Bq kg '
in Cowbell milk to 82.5 & 24.3 Bq kg " in real milk with a mean value of
72.6 £ 19.7 Bq kg " in powdered milk brands, while in liquid milk brand, the range
of value is 41.5 + 12.9 Bq 1 " in Peak milk to 72.0 4+ 20.3 Bq1 " in Nutric milk with a
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Milk samples Ra.q AGED H;, AEDE ELCR x 1073
(Bqkg YBql™)  (uSvy ) (nSvy ™) (mSvy™)

Powder milk (Bq kgfl)

Peak milk 81.7 £17.9 290.6 0.3 200.2 0.7
Peak Chocé6 milk 67.9 £18.0 239.1 0.2 166.3 0.6
Cowbell milk 60.6 +20.8 208.3 0.2 146.2 0.5
Cowbell Chocé milk 70.8 +18.3 258.2 0.2 177.2 0.2
Nunu milk 65.7 £19.4 230.8 0.2 196.7 0.6
Loya milk 67.0 +£21.1 235.0 0.2 164.8 0.6
Miksi milk 78.8+223 285.3 0.3 197.7 0.2
Coast milk 702 +19.9 245.8 0.2 171.2 0.7

Real milk 82.4+243 290.7 0.3 202.6 0.7
Dano milk (foreign) 80.4 +19.2 285.0 0.3 160.4 0.6
Mean value 72.6 £20.1 256.9 0.25 178.4 0.6
Global standard 370 300 <1.0 450 0.29 (mS vy’l)

Liquid milk (BqL™") x 102

Hollandia milk 549 +18.1 191.0 0.2 134.4 0.5
Vital milk 53.7+18.8 184.8 0.2 177.1 0.6
Nutric milk 72.0 £20.3 256.4 0.3 163.8 0.6
Peak milk 65.0 £15.8 235.6 0.2 99.6 0.3
Three Crown milk 48.0 +14.5 170.6 0.2 147.2 0.5
Olympic milk 415+127 142.9 0.2 131.5 0.5
Coast milk 61.1+20.5 210.2 0.2 146.7 0.5
Nunu milk 54.9 £15.6 187.1 0.2 114.8 0.4
Condensed Peak 61.1+18.0 209.3 0.2 132.5 0.5
milk
Bridel milk 48.4 +14.6 163.9 0.2 129.5 0.5
(foreign)
Lady Liberty 55.3+18.3 189.1 0.2 117.7 0.4
(foreign)
Mean value 173.2 0.20 135.9 0.5
World standard 370 300 <1.0 450 0.29 (mS vy’l)
Table 2.

Mean radium equivalent and summary of computed radiological visk parameter of milk samples.

mean value of 56.2 4 17.0 Bq 1™ ". All the values obtained are within the international
acceptable limit for Ra.q and therefore comply with the radium equivalent standard
for radioactivity concentration. The percentage contributions of the three naturally
occurring radionuclides in the powdered and liquid milk samples are shown in
Figures 1 and 2, respectively. These percentages were calculated based on the
estimation that 1 Bq kg ' of ?*°Ra, 0.7 Bq kg™ of ***Th, and 13 Bq kg " of *°K
produce the same radiation dose rates in the radium equivalent [24]; the average
percentage contribution of *°K is 42%, and for **°Ra the percentage contribution to
the entire milk content is 20%, while ***Th percentage contribution to the pow-
dered milk samples is 38%. The percentage contribution of the three natural
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radionuclides (**°Ra, 2*?Th, and *°K) to the liquid milk samples were computed to
be 24, 36, and 40%, respectively, which shows that **Th contributes the highest
radioactivity dosage to both the powdered and liquid milk activity concentration.

3.3 Annual gonad equivalent dose (AGED)

The gonads, the active bone marrow, and the bone surface cells are classified as
organs of interest by UNSCEAR (2003). The annual gonadal dose equivalent
(AGED, mS vy_l) owing to the specific activities of 22°Ra, 22Th, and *°K was
computed using [25]:

AGED (pSvy ') = 3.09Cg, + 4.18Cry, + 0.314Cx ()

40K
20%

232Th
42%

Figure 1.
Percentage contribution of the three naturval radionuclides measured in powdered milk.

40K
2.‘:] ‘Er;_-‘

232Th
40%

Figure 2.

Percentage contribution of the three naturval radionuclides measuved in liquid milk.
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where Cr,, Cty, and Ci represent the radioactivity levels of 225Ra, 2?Th, and
40K, respectively.

If the radioactivity of the food source is higher than the world permissible value
of 0.30 mSvy ', the model suggests that the food product is a potential source of
radiological health risk to the consumer. In the studied powdered milk samples,
AGED activity concentration varied from 208.3 pS vy to 290.7 pS vy ', whereas
in liquid milk samples analyzed, the estimated activity levels varied from
170.6 pS V}f1 to 256.4 pSvyfl. Although the obtained 290.7 uS V}f1 activity con-
centration value in Real powdered milk is approximately the maximum permissible
limit value, all other obtained estimated values in both liquid and powdered brands
of milk sampled are well within the global maximum permissible values of
300 pS vy ' [26]; thus the different milk samples examined may not cause any
immediate radiological health side effects in terms of AGED index.

3.4 Internal gamma indices

The internal hazard (H;,) index is defined according to Zarie and Al-Mugren
[27] as:

Hj, = Cre/1gs + Cmihsg + Cr/4gig (3)

where Cg,, Cry, and Ck represent the radioactivity levels of 22Ra, 2Th, and *°K
correspondingly. H;, should be less than the unity for the radiation risk to be
insignificant.

The internal hazard index (H;,) estimates the internal exposure rate to onco-
genic radon nuclides and its short-lived progeny. The mean radioactivity values of
the computed H;, for powdered and liquid milk products are 0.3 and 0.2, respec-
tively, which are well below the unity value recommended as the permissible limit.
It is observed from the values obtained that powdered milks contain more of the
natural radionuclides than liquid milk samples, which may be a result of the activity
concentration through evaporation to dryness of the raw liquid milk. But all the
milk samples analyzed met the minimum internal gamma index requirement for
consumption.

3.5 Annual effective dose equivalent (AEDE)

The annual effective dose equivalent received was computed from absorbed
dose rate by applying a dose conversion factor of 0.7 Sv Gy " and the occupancy of
0.8 (19/24) recommended by UNSCEAR [26] and Veiga et al. [28]. Therefore, the
annual effective dose equivalent (pS vy_l) was calculated using the formula [26]:

AEDE (pS vy !) = absorbed dose (nG yh™") x 8760 h x 0.7 SvGy " x 0.8 x 1073
(4)

The estimated annual effective dose equivalent obtained for the powdered and
liquid milk brands analyzed is shown in Table 2. The values obtained for the
powdered milk varied from 146.2 pS vy ' to 202.6 pS vy ' with a mean activity
dose level of 178.4 puS vyfl, while in the liquid milk, the activity dose levels ranged
from 99.6 puS vy ' to 177.1 pS vy " with a mean activity concentration of
135.9 uS vy *. The obtained result shows that the milk samples surveyed have their
annual effective dose equivalent values lower than the world average values of
450 pS vy ! [26, 29-31]. This result shows that the various sampled milk brands are
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radiologically safe going by the global recommended permissible limit of annual
effective dose rate.

3.6 Excess lifetime cancer risk

Excess life cancer risk predicts the likelihood of developing cancer over a life-
time at a certain exposure rate. It is a value representing the number of extra
cancers expected in a given number of people on exposure to a carcinogen at a given
dose.

Excess lifetime cancer risk is given as Taskin et al. [32]:

ELCR = AEDE x DL x RF (5)

The parameters used are defined; thus AEDE is the annual effective dose equiv-
alent, DL is average duration of life (estimated to be 70 years), and RF is the risk
factor (S/v), i.e., fatal cancer risk per Sievert. ICRP uses a RF of 0.05 for the public
for stochastic effects [32]. The intake of milk containing an elevated level of radio-
nuclide may increase the chance of cancer risk. If the radioactivity in the milk is
higher than the world average, it could be a source of radiation to the human body
and some specific organs, in that their ELCR would be greater than the world
average of 0.29 mS vy " in such body. The estimated ELCR obtained in all the
measured samples is lower than the international standard limit.

Table 3 presents the estimated values of the annual effective dose of the three
age groups of infants, children, and adult represented in this evaluation.

Table 4 shows the dose conversion factor for the three different age groups used
in estimating the annual effective dose rate to individual consumption of the
various milk samples in Nigeria.

3.7 Annual effective dose for different age groups

“The annual effective dose Ep to individuals due to the ingestion of the radio-
nuclides in powder and liquid milk is estimated using the equation.

EDZACXIinXE (6)

where the parameters; Ep is the annual effective dose in (Svyfl), A, is the
activity concentration of the radionuclides in milk; E is the dose conversion factor
and Ij, is the annual intake of milk with respect to the age group” [15].

Table 3 presents the result of the computed annual ingestion dose to the three
age groups (infants, children, and adults), with an estimated annual milk intake of
15 kg, 14 kg, and 10 kg, respectively, and using the conversion factor values in
Table 4. The results obtained indicate that the infants’ accumulated maximum and
minimum effective dose values are 1743.0 pS vy ' and 892.7 uS vy ', respectively,
with an average dose rate of 1345.4 uS vy . For the children, the obtained values
for the annual accumulated maximum and minimum effective ingestion doses are
1048.9 pS vy ' and 546.8 puS vy, respectively, with an average dose rate of
822.5pS vyfl. The accumulated maximum and minimum annual effective ingestion
doses obtained for adults are 235.1 uS vy ' and 122.3 pS vy ', respectively, with an
average annual dose rate of 181.1uSvy . The obtained dose rates in the three
different age groups show that the annual ingestion dose exceeded the UNSCEAR
[26], maximum permissible limit by 68% for the infants, and 2.8% for the children;
however, the adult value is 22.6% below the recommended maximum permissible
limit. This obtained result indicates that the ingestion rate of milk by infants and
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Radionuclides Powdered milk Annual effective dose(puSv)
Infants Children Adult
4K Maximum 371.6 107.4 47.5
Minimum 200.0 57.8 25.6
Average 294.8 85.2 37.7
*%Ra Maximum 386.4 300.5 97.7
Minimum 204.3 158.9 51.7
Average 277.9 216.2 70.3
*2Th Maximum 1279.9 817.4 1343
Minimum 748.1 477.8 78.5
Average 1034.6 660.7 108.5
Accumulated mean 1607.3 962 186.5
Radionuclides Liquid milk Annual effective dose(puSv)
Infants Children Adult
0K Maximum 305.1 88.1 39.0
Minimum 137.7 39.8 17.6
Average 200.1 57.8 25.6
*%Ra Maximum 305.9 237.9 773
Minimum 175.4 136.4 443
Average 239.0 185.9 60.4
*Th Maximum 1132.0 722.9 118.8
Minimum 579.7 370.2 60.8
Average 906.3 578.8 95.1
Accumulated maximum 1743.0 1048.9 235.1
Accumulate minimum 892.8 546.4 122.8
Accumulated mean 1345.4 822.5 181.1
UNSCEAR 2000 standard 200-800 200-800 200-800
Table 3.

Annual effective dose to infant, children, and adult age groups due to intake of natural radionuclides in
powdered and liquid milk samples of quantities 15 kg y~*, 14 kg y ™, and 8 kg y™*, respectively.

Dose conversion factors (nSv/Bq)

B 2%Ra #2Th
Infant (1-2y) 42 4700 4600
Children (7-12y) 13 800 290
Adult (>17y) 6.2 280 230

Table 4.
The dose conversion factors of *°K, *2°Ra, and *3*Th for the infant, children, and adult age groups [33].

children should be reduced to avoid any future amassed radiological health side
effect [34]; accordingly an optimized amount of milk is required to be
recommended as a yearly permissible limit for consumption.
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Table 5 shows the optimized annual consumption rate to stay within the inter-
national recommended range.

Following the exceeding of the UNSCEAR [26] pSvy ' permissible limit from
the recommended quantity of milk to be consumed by the three age groups, Table 5

Annual effective dose (uSv)

Infants Children
Radionuclides in powdered milk
40K Average 137.59 66.92
B8y Average 129.70 169.84
Z2Th Average 482.79 519.09
Accumulated average 750.1 755.9
Radionuclides in liquid milk
40K Average 106.71 53.67
28y Average 127.49 172.64
Z2Th Average 483.36 537.42
Accumulated average 717.6 763.7
UNSCEAR 2000 standard 800 800

Table 5.
Annual effective dose to infants and children with a proposed annual consumption of 7 and 11 kg, respectively,
of powder milk samples and 8 and 13 kg, respectively, for liquid milk.

Organs Effective dose rate to organs (mS vy *): powdered milk
Infants Children Adult
Lungs 0.8 0.5 0.1
Ovaries 0.8 0.5 0.1
Bone marrow 0.9 0.5 0.1
Testes 11 0.6 0.1
Kidneys 0.8 0.5 0.1
Liver 0.6 0.4 0.1
Whole body 0.9 0.5 0.1
Organs Effective dose rate to organs (mSvy ): liquid milk
Infants Children Adult
Lungs 0.7 0.4 0.1
Ovaries 0.6 0.4 0.1
Bone marrow 0.7 0.5 0.1
Testes 0.9 0.5 0.1
Kidneys 0.7 0.4 0.1
Liver 0.5 0.3 0.1
Whole body 0.7 0.5 0.1
Table 6.

Dose rate to different organs of the body due to radionuclides in powder and liquid milk.
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Organ or tissue Conversion factor (F)
Lungs 0.64
Ovaries 0.58
Bone marrow 0.69
Testes 0.82
Whole body 0.68
Kidney 0.62
Liver 0.46
Table 7.

Average values of F for different organs or tissues [33].

presents an optimized annual quantity of powdered milk to be consumed as 7 kg
and 11 kg for children and infants, respectively, and 8 kg and 13 kg were
recommended for children and infants, respectively, for liquid milk, while adult
was not optimized because the value obtained was within the international permis-
sible limit. Using the optimized quantity, the annual accrued values obtained for
infants and children for powdered milk were 750.1 pSv and 755.9 uSv, respectively,
while the accumulated values recorded for liquid milk were 717.6 pSv and 763.7 pSv
for infants and children, respectively. The values recorded are well below the
800 pSv [26] yearly recommended permissible limit.

Table 6 presents the result of calculated effective dose rate to the different
human organs for consuming powdered and liquid milk.

Table 7 presents the average values of F, for different organ or tissue uses in the
computation of the effective dose rate of these organs.

3.8 The effective dose rate (D,gay,) in mS vyr_1 to different body organs or
tissues

The annual effective dose to organ models evaluates the total amount of radio-
nuclides consumed by man over a period of 1 year that goes to and accumulate in
the different sensitive organs and tissues of the human body. The effective dose rate
transported to a particular organ was calculated using the relation:

Dorgan (mSvy ') = O x Ep x F %)

The parameter Ep represents the annual effective dose, O represents the occu-
pancy factor with a value of 0.8, and F is the conversion factor of organ dose from
consumption of the food.

Table 6 presents the obtained computed values of the effective dose rate assim-
ilated by the various organs evaluated, while Table 7 presents the conversion
factors and F values for the seven organs/ tissues. The computed dose values
obtained in powdered milks revealed that the human testes (organ) received the
greatest dose of average values of .1 mS vy %, 0.6 mS vy, and 0.1 mS vy " for
infants, children, and adults, respectively; meanwhile, the dose received by the liver
was established to be the least with average dose values of 0.6 mS vy ',

0.4 mSvy ', and 0.1 mS vy ', respectively. The computed results obtained from
liquid milk follow the same trend with testes recording the highest radionuclide
dose ingestion with average estimated dose levels of 0.9 mS vy ', 0.5 mS vy ', and
0.1 mS V}F1 for infants, children, and adults, respectively, and the least dose intake
values of 0.5 mS vyfl, 0.3 mS vyfl, and 0.1 mS v;F1 were detected in liver for
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infants, children, and adults, respectively. It was observed from the results that the
dose ingestion to infants’ testes exceeded the world acceptable limit of 1.0 mSv
annually to the human-sensitive organs/tissues. The relatively higher dose to the
testes and low-dose intake to the liver are justifiable from food nutrient absorption
rate [15, 31]. The high radiological dose to the testes may justify the rampant rate of
prostate cancer among young men which may be linked to accumulated effects of
the dose intake over time, which need further clinical investigation [34].

4. Risk factors and cost-benefit analysis

Cost-benefit analysis in radiation protection is the projection of radionuclide
injection effects of consumption of food product versus the nutritional benefits
derived from the intake of the food at low individual doses, below the dose limits.
Applying the direct relationship between dose and effect, the health impairment is
directly proportional to the effective dose-equivalent occasioned by the consump-
tion of milk product. The proportionality element is termed the risk factors [35, 36].

4.1 Committed effective dose (Cp)

The committed effective dose to an individual assessed for three age groups
(0-1yr infant, 1-7 yrs children, and >17 yrs age group for adults) over a typical
lifetime of 50 years was computed using the formula:

Cp =50 x Ep (8)

The calculated committed effective doses to the various age groups are
presented in Table 8. The obtained doses to infants and children were futuristic and
a forecast of the probable dose to be committed to the individuals in the period of 50
years. The obtained dose values for adult over an average lifetime of 50 years for
powdered milk and liquid milk were 9.3 mS vy ' and 9.1 mS vy ' doses, respec-
tively. The committed doses obtained for children were 48.1 mS vy ' and
41.1 mS vy ' for powdered and liquid milk, respectively, while for infants it is
80.4 mS vy 'and 67.3 mS vy, respectively. The result obtained points to the fact
that constant ingestion of the milk products may result to accumulation of radio-
nuclides in some organs of the human, with more radionuclide dose intake in
powdered milk than consuming liquid milk. Moreover, the values gotten are well
within international standard.

Table 8 presents the summary of the result of the risk analysis and health
detriment effect values that may arise from the consumption of milk product
samples investigated in this study.

Table 9 presents the population of the three age groups under examination in
this study, obtained from the National Population Commission report [37], and the
computed two-thirds (2/3) of this population used for the evaluation of the collec-
tive effective dose equivalent.

4.2 Collective effective dose equivalent

It is insufficient that the risk to individuals is set at an adequately low level in
radiation protection, but the total detriment to the public resulting from exposure
to radiation should be kept as low as is reasonably achievable (ALARA) for health,
economic, and social factors. The evaluation of the collective/total detriment to
health for the public is the sum of detriments to the individuals making up the
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Age Population (P;) Two-thirds of the population (3 P;)
Infant (0-1yr) 7,771,348 5,180,899
Children (7-12 yrs) 21,763,942 14,509,295
Adult (>17 yrs) 72.660,755 48,440,503
Table 9.

Nigeria population in different age groups [37].

public due to a level of radiation exposure. The statement of proportionality
between stochastic biological effects and dose equivalent also applies to the collec-
tive detriment to health being directly proportional to the collective effective dose
equivalent [38]. Hence the collective effective dose equivalent, Sg in a population
comprising of N; individuals, is evaluated as [39]:

Sg = ZN,-HE,- 9

where Sg represents the collective effective dose equivalent (person, Sv) and N;
is the number of persons in a population that are exposed to the radiation, while Hg;
represents the mean effective dose equivalent (uS vy ).

The Nigerian Population Commission [37] puts the population figure of people
living in Nigeria as 140,431,790 with the age groups of 0-1 year, 7-12 years, and >17
years having population figures of 7,771,348; 21,763,942; and 72,660,755, respec-
tively.

In Nigeria, approximately two-thirds of the population are expected or projected
to make one brand of milk or the other as staple food; consequently two-thirds of
the population of the different age ranges/groups are probable to have a radiation
dose intake from milk products.

The formula for collective effective dose equivalent was accordingly modified to
read:

2

Sg = Zg(NiHEi) (10)

Table 9 presents the population of three age group brackets being studied in
Nigeria. Since two-thirds of the estimated population of Nigerian projected to
consume one brand of milk or the other, it is estimated that the 5,180,899 infants,
14,509,295 children, and 48,440,503 adults signifying 48.5% of the total population
of Nigeria consume milk products. The estimated collective effective dose equiva-
lent Sg obtained revealed that the value for infants is 5551.5man-Sv in powdered
milk and 4640.9man-Sv in liquid milk. In the children age bracket, the values
obtained are 9305.8man-Sv for powdered milk and 7950.3man-Sv for liquid milk.
Similarly, in the adult age bracket, the collective effective dose equivalent values
obtained are 6023.1man-Sv for powdered milk and 5840.7man-Sv for liquid milk.
The values obtained revealed that the children population is probable to have the
highest radionuclide dose from milk intake.

4.3 Total health detriment

The objective gross or total health detriment also known as collective health
detriment “G” (man), resulting from exposure to gamma radiation in an
environment or ingestion of irradiated products by man, is evaluated using the
formula [38]:
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G = RySg (11)

From Eq. (11), Ry represents the total risk factor the body organs are exposed to,
as recommended by the International Commission on Radiological Protection, ICRP
[39], where these risk factors are used in assessing the fatal radiation-induced
cancers and severe hereditary effects in the first two generations. It has a gross
value of 1.65 x 10 ™% Sv™ ', with 1.25 x 10 > Sv_ ' representing the value for fatal
radiation-induced cancers and 0.4 x 10~ Sv™ ' representing the value for severe
hereditary effects, for the first two generations, while Sg is the collective effective
dose equivalent (man-Sv) [38].

The estimation of the total health detriment is vital and necessary because any
health detriment on this populace will impact negatively on the entire population.

The total health detriment for the three age brackets computed in the different
milk products examined is presented in Table 8. The total health detriment to man
obtained for powdered milk are 91.6 for infants, 153.5 for children, and 99.4 for
adults. In the liquid milks, the values obtained for the age groups are 76.6 for
infants, 131.2 for children, and 96.4 for adults. This calculated total health detriment
indicates that for every 5,180,899 Nigerian infants consuming milk products, 168 of
them have the probability to have radiological health-related side effects from the
intake of milk products. Similarly, the evaluation of the gross health detriment
indicates that for every 14,509,295 Nigerian children consuming milk products, 285
are likely to have a radiological health risk from the intake of milk, while of the
estimated 48,440,503 Nigerian adults that consume milk products, 196 are likely to
have a radiological health hazard, with fatal radiation-induced cancers the most
probable, going by the risk factor of 1.25 x 10~ % Sv™ . The radiological index
obtained shows a ratio of 1:30,839 for infants, 1:50,910 for children, and 1:247,145
for adults, with infants’ radiological index ratio being the highest. This indicates
that the infants are most vulnerable radiologically in milk intake.

4.4 Cost of detriment

The correlation between the cost of the health detriment and collective effective
dose equivalent is a linear one. It is expressed as [38]:

YC = aSE (12)

where Y¢ is the cost of health detriment, SE is the collective effective dose
equivalent (man-Sv), and « is the collective dose equivalent constant. If it were
possible to arrive at a common monetary value for the cost of radiation harmful
stochastic health effects, then @ would have a unique value. But it is not practically
possible due to socioeconomic considerations that vary from country to country and
from time to time. A review of literatures indicates a wide range of & values ranging
from 1000 to 100,000 US dollars [38]. Considering the low per capita income of
African countries including Nigeria which is below US $100 per day, the cost of
detriment analysis value of US $1000 was assigned to human life. This value does
not necessarily mean a real monetary value of life but rather is proposed to provide
measures by which fair and consistent resources are allocated to radiation protec-
tion [21]. From the computed result of the total cost of health detriment from the
collective effective dose equivalent to the different age group in Table 8, it was
observed that children age group has the highest cost health detriment per-caput
dose with an estimated total cost of health detriment of US $17.256 million, followed
by adults with an estimated cost implication of US $11.864 million, while infants
have the least with an estimated cost implication of US $10.192.
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5. Conclusion

This investigation presents the gamma spectrometry evaluation of the natural
radioactivity in powdered and liquid milk consumed in Nigeria. The radionuclide
concentration of the milk samples was found to be dictated by the source the milks
products were derived. Although the specific activity concentration of milk samples
varied, their mean activities were less than the world permissible dose limit for the
public. The radium equivalent activities obtained for all the milk samples (pow-
dered or liquid) considered were all below the criterion limit of radiation dose
(1.0 Sv y ). All the calculated radiological risk parameters show that none of the
milk samples exceeded their recommended allowable level. It was however found
from the annual effective dose calculation that the consumption of powder and
liquid milk by infants and children at the rate of 14 kg y " and 15 kg y ', respec-
tively, may lead to a radiation dose to vital organs of the body above normal
recommended values, but optimized quantity was suggested for the group to stay
within the recommended permissible limit. On the cost-benefit analysis, the esti-
mated collective effective equivalent dose values obtained show that the children
population receives the highest dose. The total health detriment values obtained
revealed a low detrimental effect to consumers of these milk brands. The calculated
values of the total cost of health detriment revealed that the children age group has
the highest cost health detriment per-caput dose, followed by adults, while infants
have the least; these values obtained are observed to be low. The overall result
therefore shows that the powdered and liquid milks consumed in Nigeria are radio-
logically safe and may not cause immediate or significant radiation health hazard to
consumers of the examined milk brands. However, optimizing radiation protection
by means of this cost-benefit analysis is recommended.
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Chapter 5

Accounting for the Impact of
Sustainable Agriculture: The Role
of Community Based Organization
and Local Governance Structures
in Promoting Sustainable
Agriculture

Terrence Thomas, Cihat Gunden and Befikadu Legesse

Abstract

This chapter explores the role of community-based organizations (CBOs) in
promoting and sustaining an organic/sustainable food production system. The
chapter argues that CBOs offer a unique platform for this purpose considering their
potential to promote collective impact and overcome our ancestral tendencies that
tend to discourage sustainable behavior. The chapter discusses the role of local
governance in creating the institutional support that drives collective systemic
impacts. The chapter uses data collected via a telephone survey of a census of
Community Action Agencies (CAAs) to assess the level of support for sustainable
agriculture, organic methods of production, and the responsibility of citizens in
supporting locally produced food. The results show that CBOs believe in organic/
sustainable and community-based food production system. CAAs support for a
sustainable food production system speaks to their potential to serve as a linchpin in
their communities for promoting sustainable agricultural production systems and
ensuring collective impact.

Keywords: collective impact, community-based agriculture, participative
governance, organic food production, community-based organizations

1. Introduction

Clarifying exactly what a concept represents 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, to be more specific, insights developed from clarifying the definition of
organic agriculture or, more broadly, a sustainable agricultural production system,
enables us to design courses of action that lead to a more enduring and fruitful
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relationship with our food system. Organic agriculture is inextricably linked to a
sustainable food production system; simply because the ultimate motive for adopt-
ing organic production practices in agriculture is to achieve a more sustainable food
production system.

In earlier work [1] synthesized the work of [2, 3] in proposing this definition
of sustainable agriculture 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.

And organic agriculture following Codex Alimentarius Commission as “Organic
agriculture is a holistic production management system which promotes and enhances
agro-ecosystems health including biodiversity, biological cycles, and soil biological activ-
ity. It emphasizes the use of management practices in prefevence to the use of off-farm
inputs, taking into account that vegional 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 [4], p. 6)

Given the definitions and the arguments presented above, it can be deduced that
organic agriculture is the instrument through which people working within the lim-
its of the overarching ecological system can achieve a sustainable food production
system. It is generally agreed that the current conventional methods of food produc-
tion are unsustainable at current levels of resource consumption [2, 5]. The need for
a sustainable system of food production becomes even more urgent if the aspira-
tions of the millions of people in developing countries for a first world lifestyle is
taken into account. Many scholars believe that a first world lifestyle for everyone is
not possible given our current endowment of resources, for example [5]. Therefore,
our survival depends on more than just innovation in markets and science. If all this
is true, our relationship with each other and the environment is central to progress
toward sustainable food production system and ultimately our survival.

One indispensable aspect of progress in advancing a sustainable production
system is the development and implementation of standards of production and
marketing of organic food and fiber. The development of these essential standards
is a political process as revealed by the interaction of multiple stakeholders in
the USDA’s design and promulgation of standard in the organic food and fiber
production system [6]. As [6] argued, markets can work to weaken or strengthen
standards. Whether this happens in a positive or negative direction will depend
on the relative political strength of the committed stakeholders and the non-
committed stakeholders. For example, [6] points out that stricter standards can act
as a barrier to uncommitted farmers, in which case, well-established committed
organic farmers might have an incentive to push for stricter standards in order to
safeguard their market share. On the other hand, if farm businesses not committed
to the organic philosophy and practice are able to exert influence in the market and
related regulating agencies, there will be pressure to weaken the standards that may
encourage a large number of uncommitted businesses to enter the marketplace.
Then the possibility exists that we could end up with a quasi-organic/sustainable
food production system, which would put in peril any hope of attaining levels of
sustainability that would ensure future food security. Another crucial aspect is
overcoming the usual delay and resistance associated with changing deeply held
values and or the adoption of innovations [5]. Societies often cling stubbornly to
the values that have served them well in the past, even when these same values are
demonstrably inappropriate for the present [5, 7].

Corporate industrial agriculture with deep vested interest in conventional food
and fiber production models, and their lobbying power buttressed by their deep
seated belief in the power of the free market may hinder or slow the rate of change
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toward the adoption of a organic/sustainable food and fiber production system.
Thus, in a capitalist system, the tendency to focus on markets and profits can derail
or impede progress toward the ideal by confusing organic production for its own
sake with achieving the ultimate goal of a sustainable food system. This is where
CBOs can play a really critical and pivotal role in exerting bottom up pressure to
maintain standards and promote organic/sustainable values. CBOs are pivotal for
creating and sustaining a collective impact because they provide a platform through
which strategies can be applied to overcome ancestral tendencies that tend to dis-
courage sustainable behavior [8]. Research suggests that strong community ties and
group identity tend to promote sustainable behavior [9] and small interdependent
social groups will foster pro-environmental behavior [10].

The following statistics on a few key indicators provide a glimpse of the global
impact of organic agriculture: As of 2016, the number of hectares (in millions)
under organic production worldwide: Oceana 27.3, Europe 13.5, Latin America 7.1,
Asia 4.9, North America 3.1, Africa 1.8. In 2016, 57.8 million hectares were under
organic production compared to 11 million hectares in 1999, even though the 57.8
million hectares represent just 1.2% of total crop land worldwide. The number of
producers engaged in organic production was 2.7 million in 2016 up from 200,000
in 1999, and total sales amounted to 89.7 billion US dollars up from 179 billion in
2000. A reasonable inference to be drawn is that 57.8 million hectares under produc-
tion represent this many acres of increased soil fertility, farm and field diversity.
Even more significant, in terms of impact, is the increase in the number of farms
producing higher added value and the increased income that flows from this value
[11]. These statistics indicate movement in the right direction, even though slow, if
progress is judged by just the percentage of crop land under organic cultivation. To
achieve faster and sustained progress requires applying an approach that leads to
collective impact instead of isolated impact.

It is difficult to achieve progress in the wide adoption of organic/sustainable
food production system without achieving collective impact. More generally,
impact for the purpose of this chapter is defined as a change in condition that
supports a desirable change in behavior. And where appropriate supporting values
become infused in the value system of the individual or group from which it oper-
ates to reinforce the desired behavior. For the purpose of this chapter we distinguish
between isolated and collective impact. In isolated impact, a single organization is
assumed to have the solution to the problem, and works in isolation to address one
aspect of the problem. Further, it is often assumed that the solution can be scaled
up and applied to address the problem in disparate contexts. On the other hand,
collective impact assumes that the problem is complex and cannot be solved by any
single organization working in isolation. Here, multiple organizations learn, share
and act together from the same perspective and agenda [12] to produce system wide
and emergent solutions instead of localized solutions with narrow impacts.

CBOs facilitate the development of the type of social community infrastructure
that supports collective impact, hence their potential for promoting organic/sus-
tainable food production system. Additionally, because of their cohesiveness and
strict commitment to core values, community-based organizations can check the
tendency of the market to water down standards, and serve as a source of steadfast
support and champions of the organic/sustainable food production philosophy. [13—
16] have argued convincingly in support of the capacity of alternative agricultural
models (referred to as, community supported agriculture (CSA), community-based
agriculture, civic agriculture and farmers markets) to support holistic community
development and food production in an environmentally sustainable manner. CBOs
have played a pivotal role in promoting and supporting these production models
rooted in local communities.
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2. Rationale for local action in designing sustainable agricultural
production systems

Forces operating in the current global economic and political environments tend
to favor and catalyze local community action in solving problems affecting local
communities—especially those having their genesis in the local political, social,
economic and natural environments. For example, market failure, devolution due to
the pressures of globalization [17], a shift to open macro economies and the inabil-
ity of the state to offer protection from powerful global market forces [18] have
combined to create opportunities for local action by civil society, for example CBOs.
Under these conditions, governments at all levels are too preoccupied with trade
issues, security issues, global financial markets, competing for investments to create
jobs and balancing budgets to shepherd local communities. In such situations, many
local communities are left to fend for themselves [19].

Additionally, a reflective and proactive citizenry living in the same informa-
tion-rich environment as their leaders realize that neither the church nor the
state nor other bulwarks of authority are omnipotent, and that leaders are more
or less ordinary people. Consequently, citizens living in a global world assign less
significance to the guidance of their leaders and institutions and have opted to
become more self-regulating [20]. Proactive and reflective citizens in a complex
globalizing political and social environments are more concerned with economic
and political questions and issues about which they feel politicians neglected
to address. In this situation, people turn to groups which promise to offer what
conventional politics is unable to deliver. Thus, people are increasingly becoming
more involved in single issue groups, which play a pivotal role in raising important
issues and problems that may otherwise go unnoticed in conventional political
circles until it is too late [21]. Since sustainable agricultural practices are specific
to local conditions, and since there are many diverse stakeholders with a vested
interest in sustainable agricultural systems, decisions regarding the design and
development of sustainable agricultural production systems are best made utiliz-
ing participative approaches. Therefore, to advance organic agriculture/sustain-
able food system in the current context, it is not likely that top down solutions
would be prescribed, and, it if they were prescribed, it is unlikely that they would
produce desirable outcomes. Thus, under the current socio-political context,
locally based participative action seems more likely to succeed in advancing the
development of a sustainable agricultural production system. Two other reasons
for local bottom up action make clear the indispensable role of CBOs in promot-
ing and sustaining the practice of organic/sustainable food system. First, from
an evolutionary perspective, [8] explains that adaptive instincts tend to dictate
human behavior. That is, humans tend to exhibit patterns of behavior adapted to
our past environment but which behavior is inappropriate in our present one. For
example, humans prioritize their self-interest at the expense of cooperating with
the group. Thus, our adaptive instincts would dictate that we cooperate with and
imitate behavior that is practiced by those with whom we share a kindred spirit or
kinship relationship [22]. Accordingly, because of the kindred spirit that exist and
is fostered in a CBO, a network of local CBOs would be more effective in promot-
ing organic/sustainable production practices than top down prescriptions that
originate from organizations and agencies to which people do not feel a special
connection. Modern communities with a densely connected and codependent
social networks resembling those that would exist in ancestral communities are
found to be more effective in preserving communal resources, and by implication
promoting sustainability [9, 23] —Note italics our emphasis. We believe that CBOs
provide the substrate for nurturing such networks.
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[24, 25] community framework offers a rationale for the role of community-
based organizations in supporting a sustainable food production system. It posits
that communities are embodied rather than abstract, i.e., residents are attached to
place by several institutions and community-based organizations [26]. Businesses
are linked via a web of institutional and community-based organizational networks
[27, 28], which form an integral part of the community’s problem solving capabil-
ity [24, 25]. From our perspective, an embodied community provides valuable
institutional support for sustainable food production system via a community
network of CBOs—their mode of governance facilitates collective or participatory
decision-making. CBOs serve as a repository of community experience, values and
indigenous knowledge because they are well connected to the community. Such
arepository provides a readily available reference which establishes a context for
interpreting and evaluating information and action with respect to addressing
current or future problem situations. As community agents, CBOs provide a critical
mass for action by serving as the hub that brings community members together to
deal with problems.

Designing and supporting a sustainable food system is a complex process. It
involves synthesizing knowledge from different sources, working within a complex
and dynamic natural and social environment, and dealing with several stakeholders
with competing interests. Complex phenomena are not amenable to rule of thumb
or recipe-like solutions. Because a sustainable agricultural production system is
linked to local conditions-closely tied to social, economic and political infrastruc-
ture—developing a sustainable food production system means working with a pro-
cess that accommodates many different perspectives and value systems, and attracts
information, expertise and other resources from diverse sources. Additionally, the
process must be participative, which means honoring openness, trust, transparency
[28, 29], and must include a willingness to accommodate conflicting value positions
[30]. Finally, to negate our evolutionary tendencies toward prioritizing and pursu-
ing selfish ends, participants must feel a sense of belonging or kinship with the
group or strongly identify with the group. Strong group identity will likely encour-
age greater self-sacrifice for the communal good by activating a psychological sense
of kinship [9].

In summary, CBOs are ideally suited for mobilizing support for developing
organic/sustainable agricultural food system throughout communities for these
reasons: (1) CBOs have unique knowledge of and connections with the community;
(2) CBOs provide a platform on which strategies that support sustainable behavior
can be developed to overcome ancestral tendencies that discourage sustainable
behavior; (3) the character of a sustainable food production system is determined
by local conditions, which requires significant local resources—CBOs with their
unique knowledge of community have the potential to mobilize local support
and resource; (4) CBOs adaptive governance structure equips them to deal with a
dynamic and uncertain environment; ad (5) a network of CBOs informed by the
same perspective, working from a collective agenda, learning together and sharing
ensures collective impact.

3. Relevance of governance structures

Governance may be viewed from several perspectives: (1) the creation or adop-
tion of means and processes for guiding planning, decision-making, implementing
decisions, and ensuring accountability and responsibility for actions taken [31];
(2) as the capacity of an organization to stay on course in a turbulent and changing
world [28], (3) self organizing inter-organizational networks [32]; and
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(4) multi-level governance, which represents the dispersion of authority to supra-
national, e.g. the UN, sub national authorities (states, counties, local municipalities,
development districts) and informal networks (non-governmental organizations
and community-based organizations) [33].

Implicit in all the above views of governance is the authority, official or other-
wise bestowed, to make decisions with regards to the allocation of resources for the
production of goods or services for a particular constituency. We regard the defini-
tion by [31] as generic process views of governance, since it identifies the core con-
cepts of governing without suggesting how these activities should be prosecuted.
Conceptually, one can locate the way governance as a process activity is practiced
on a continuum. At one end would be a highly bureaucratic regulatory approach to
enacting governance, at the other would be a participative open approach to gover-
nance. [29] concept of governance is a process view of governance, which specifies
a participative approach for discharging governance activities. In the participative
model, decision-making is decentralized; freedom, autonomy, trust, transparency,
continual learning and creativity are nurtured. In contrast, in the bureaucratic
regulatory process model, decision making is centralized; freedom, autonomy,
trust, transparency and learning are constrained. The two perspectives by
[32, 33] offer a structural political view of governance, i.e., the relationship among
the entities involved in discharging the process of governance. Any of these
structural forms could conceivably discharge their governance function in either a
bureaucratic regulatory or participative mode. Considering the above background
and the work of [34, 37]; we use the term governance in this chapter to mean action
taken by groups or communities to address problems in the public sphere that can-
not be handled either by individuals acting alone or by markets and government.

In our field studies across the southeastern states we have observed many
community-based organizations (CBOs) and neighborhood groups that provide
valuable and indispensable social services for community residents. CBOs such
as North Carolina Coalition of Rural Farm and Families, Alabama Watch, Rural
Georgia Development Collaborative, Friends of Children of Mississippi exemplify
governance as self-organizing inter-organizational networks. They are self-
organizing because they are autonomous and self-governing [32]; implying that
they are not controlled by any superior power and were not brought into being by
official edict. These networks operate to fill a void in the provisioning of goods
and services resulting from the failure of the state and market to provide similar
goods and services. In other words, they are self-organizing inter-organizational
networks which practice governance as per [31] process definition. They operate
in the public sphere without the designated formal authority of government. The
network status of these groups derives from the fact that they interact with each
other and with government agencies and private entities in exchanging information
and garnering resources; they depend on this interaction to survive. An example
would be the Georgia rural development collaborative comprising eight indepen-
dent CBOs agreeing to work in a partnership. The collaborative also interacts with
government agencies and foundations as they practice governance in rural Georgia.
They receive technical assistance and funding from foundations and government
agencies and share information among themselves, government agencies and
foundations. Another example would be The North Carolina Coalition of Rural
Farms and Families, a grouping of six small CBOs. In their case, they interact with
cooperative extension, USDA agencies, with each other and with foundations as
they work to provide services to small farmers in Eastern North Carolina. Many
scholars of political science believe that this form of governance—the interactive,
social, political network mode of governing—is evolving to be the dominant form
of governance, eclipsing governing by a super-ordinate authority as in conventional
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Figure 1.
Schematic representation of the relationship among concepts, process and structure of governance.

government [32, 33]. Within these networks, it is conceivable that groups may
adopt a bureaucratic or a participative form of governance.

Multilevel governance may be viewed as being similar to the networks described
above with one minor difference; some members of the network are not self-organiz-
ing since they were establish under the auspices of federal, state, or local government
or some other influential entity, e.g., a foundation. Nonetheless, they interact in a
network fashion and discharge the role of governance described above. So then,
multilevel governance can include self-organizing networks as well as quasi govern-
mental groups (groups established under the auspices of government or government
agencies) or groups established under the auspice of large foundations. Community
action agencies would be good examples of community-based organizations estab-
lished under the auspices of government, these agencies were established under the
economic opportunity act of 1964. The relationship among the various concept of
governance may be depicted as shown in Figure 1. Generic concepts describe the
activities that are the focus of governance in general. Entities may operationalize
these functions of governance either as a bureaucratic top-down or participative pro-
cess. The actual operations of governance may be carried out by entities organized in
a multi-level governance or self-organizing inter-organizational network structure.

4. What difference does it make which governance model a community
or organization adopts to coordinate the production of goods and
services?

What difference does it make which governance model a community or organiza-
tion adopts to coordinate the production of goods and services? Many scholars of
organizational theory believe that the particular form of governance process adopted
by a particular entity affects their ability to adapt to changes in the environment in
which they operate—their task environment. Organizational theorists believe that
organizations that adopt the perspective of governance as coordination and control-
the bureaucratic regulatory model—are inflexible and unresponsive to their task
environment. Bureaucratic organizations lack the participative culture that nurtures
freedom, transparency, commitment, creativity and continuous learning among
members. These latter qualities are indispensable for promoting participation,
innovation and responsiveness in addressing complex diverse issues and the varied
perspectives of an increasingly heterogeneous stakeholder—these are key capabili-
ties for survival in a continually changing, complex and turbulent environment. An
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environment that requires increasing integration with the ecological sustenance base
in order to achieve sustainability. Consequently, these qualities determine the capac-
ity of the organization or the community to adapt to its ever changing environment.

Under a bureaucratic type of governance, decisions are always made by manage-
ment at a level above where the work is actually done. Thinking and doing are seen
as separate tasks carried out by different individuals. Decision making is centralized
and autonomy and freedom to be creative are curtailed. Here, the task of gover-
nance is discharged by a privileged few on behalf of the organization. Such organi-
zations are tightly integrated and emphasize control to maintain order and protect
the organization from external threats that would disrupt established structures
and ways of doing things. The stability of these organizations depends on the extent
to which they can be insulated from disrupting forces. These organizations operate
as closed systems which react to change by attempting to manage or transform the
environment in an adversarial or competitive manner rather than responding to the
environment in a proactive manner [29].

Globalization, the proliferation of communication possibilities, continual tech-
nological change, the easy movement of technology and capital across countries, and
the need to reorder our relationship with the sustenance base (the ecological realign-
ment of our industrial, economic and social institutions) create unprecedented com-
plexity and dynamism that require organizations to continually adjust and adopt.

To increase the odds of survival, an organization must become more participative,
i.e., decision-making is decentralized; freedom, autonomy, trust, transparency and
continual learning and creativity are nurtured. In this context, participative organi-
zation processes-freedom, autonomy, openness, learning and innovation-create the
flexibility the organization needs to become an adaptive and open system as opposed
to being closed and rigid. As an open system, participative organizations develop

a symbiotic relationship with the environment—influencing the environment

and being influenced by it. The interface of the participative organization and the
environment becomes the “focal point” of activity where the purpose and mission of
the organization achieve meaning [29]. In this sense then, an organization achieves
meaning when it responds adaptively to the needs existing in the environment,
which includes not only the need for products but also for quality service, non-inva-
sive, unsustainable use of resources, collaborative partnering with stakeholders and
the participation of stakeholders in charting the course of the organization as wells
as steering the organization on course. The central role of governance is to define
purpose and chart a course for achieving the defined purpose. However, achieving
purpose in a turbulent and dynamic environment is a function of adaptive capacity,
and since adaptive capacity is a function of participative processes, then, the role of
governance in a dynamic environment is to create conditions under which participa-
tive processes can take root and flourish. Trust, freedom, autonomy, creativity, and
openness are the touchstones of participative governance. These principles enable
organizations such as CBOs and communities to deal effectively with complexity and
change because each member is vested in the participatory process, which nurtures
commitment to working to develop solutions to problems.

As discussed in [9, 10], our ancestral tendencies can thwart our ability to
advance sustainable practices. Moreover, in many cases the strategies we pursue are
ones that do not match these tendencies—in that they do not take into account our
natural tendency to promote and prioritize our own self-interests above that of the
group or common good. They recommend strategies that take advantage of these
natural tendencies (which resemble our ancestral mode of behavior) such as creat-
ing small dense interdependent social networks and foster group identities. CBOs
provide a platform to facilitate the implementation of these strategies that promote
sustainable behavior.
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5. Material and methods
5.1 Population and sample

In this section, our objective is to answer the question: What is the level of
support among CBOs in the southeastern black belt states (BBS) for sustainable
agricultural practices? To answer this question, we conducted a telephone survey of
community action agencies (CAAs) located in eleven Black Belt States in the south-
eastern U.S. Namely, Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi,
North Carolina, South Carolina, Tennessee, Texas, and Virginia. BBS was defined as
a state with an African American population that is equal to or greater than 12% of
the population of the state. Following [34], we defined community-based organiza-
tions as nonprofit civic entities that are locally controlled; and whose mission is to
serve a particular constituency that is tied to a defined locality. These entities com-
prise groups of people who interact directly, frequently and in multi-faceted ways to
deliver service to their constituency [34]. We chose to use CAAs as our population
of CBOs because they have a long operational history as a group, and they were spe-
cifically established by federal mandate to address poverty, by engaging the com-
munity in the problem solving process. Additionally, an easily accessible data base
was available, and they fit neatly the profile of CBOs as defined in this chapter. The
sample frame for CAAs was obtained from U.S. Department of Health and Human
Services Web site. We retrieved lists of CAAs for the BBS listed above and combined
them into a single master roster containing 315 CAAs. Since the population size isa
relatively small one, and all the CAAs on our list were accessible, we decided to doa
census instead of drawing a random sample from this small sample frame.

5.2 Instrumentation

Respondents to our interview were CAA leaders. Based on our discussion above
on the practice of sustainable agricultural production system at the community
level, we asked the following questions:

1.In your opinion, how important is it for more farmers to use organic methods
for producing food? As we have explained previously, sustainable agricultural
production is practiced at the community level via CSAs or community-based
agriculture. Drawing on the literature, [35] defined a CSA as community-based
organizations of consumers and producers. This collective of producers and
consumers focus on using organic and sustainable methods to produce their
products.

2. We also asked respondents to use a five-point scale anchored with “strongly
agree” through “strongly disagree” to indicate the extent of their agreement
with the following statements: Part of the duty of a good citizen is to buy
locally grown farm produce. Vibrant community-based farming is more likely
to keep family farmers on the land than large corporate farming (factory
farming, large plantation). Community-based farming is more likely to do a
better job of preserving the quality of the land than large corporate farming.
Small farms are better for the environment than large corporate farms. These
questions are based on the rationale presented above, in addition to the follow-
ing considerations: A persistent critique of corporate commodity agriculture
is that it has depleted the natural resource base and degraded the environ-
ment from which it draws its support [2, 14]. The advent and growth of civic
agriculture or community-based agriculture systems is seen as a response to
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the socioeconomic and ecological concerns associated with corporate commodity
agriculture or, more broadly, conventional food production systems [2, 14, 36, 37].
Community-based agriculture with its emphasis on holistic and locally based
agriculture systems has catalyzed regionally based economic activity, the focus
of which is to reinvigorate rural communities and economies and improve
farmer income [13]. The growing interest and belief in the potential of civic
agriculture systems to bolster rural communities and their economies rests

on the findings of [2, 24, 38], which indicate that several small locally owned
and operated businesses (farms) are positively correlated with economically
vibrant communities and superior income equity. These findings speak to the
thesis that a sustainable agricultural production system must meet economic
and social criteria in addition to addressing ecological concerns (see Figure1).

3.CAA leaders were asked to indicate how they felt about farmers cooperatives.
Their responses were measured on a five point Likert-type scale, anchored
with very unfavorable to very favorable.

4.Leaders were also asked to use a “yes” or “no” response to indicate whether
their organization supports community-based food production, the local
farmers’ market, and whether they encouraged clients to participate in urban
agriculture.

The questionnaire was reviewed by faculty of the Applied Survey Laboratory at
North Carolina A&T State University and two leaders of CAAs. The response rate
for the survey was approximately 39%. We acknowledge that the results are prob-
ably biased because of the relatively low response rate. However, because CAAs are
probably subjected to similar socializing influences with regard to the variables of
the study, we believe that the low response rate is not a very serious problem. [39]
suggested that discrepancies and bias due to non-response are a greater threat for
variables denoting characteristics of an entity than for those variables that represent
opinions, attitudes or processes. Nonetheless, the results should be interpreted with
this weakness in mind.

6. Results
6.1 Support for community-based agriculture

Figure 2 shows that 48% of CAAs provide program support for community
based food production, 53% support local farmers market and 36% support urban
agriculture.

The data in Figure 3 show that approximately 85% of CAAs rated the impor-
tance of farmers using organic methods to produce food greater than a5 on a 7 point
scale. We see this as indicating that CAAs believe that it is important for farmers to
use organic methods, which is in contrast to the relatively small number (48%) of
CAAs that offer program support for community-based food production.

Response is based on a 7-point scale Where (1) = not important and
(7) = extremely important.

The response pattern in Figure 3 also shows that over 80% of CAAs believe that
it is important for farmers to use organic methods of production. The response
pattern shown in Table 1 below indicates that CAAs overwhelmingly agree that
community-based farming is more likely to do a better job of preserving the land:
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Support for community-based agriculture (N = 124).
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Figure 3.
How important is it for more farmers to use organic methods for producing food? (N = 122).

Items Ratings (%)

1 2 3 4 5
Land 1 2 7 71 20
Environment 2 6 8 67 18
Cooperative* 3 2 11 59 25
Promote 2 1 5 69 23

Response is based on a 5-point scale, wheve (1) = strongly disagree and (5) = very strongly disagree.”(1) = very
unfavorable and (5) = very favorable.

Table 1.
Summary of descriptives for selected variables.
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71% agree and 20% strongly agree. The pattern also shows that there is very strong
agreement among CAAs’ leadership that small farms are better for the environment
than large cooperate farms. 67% of CAAs’ leadership agrees with the statement, and
18% strongly agree. Only 15% of CAAs’ leadership can be collectively categorized
as strongly disagree, disagree or are indifferent to the statement that small farms
are better for the environment. A similar pattern is also evident among CAA leaders
with respect to their opinion concerning the duty of citizens to purchase (promote)
locally grown produce. Here, 69% agree and 23% strongly agree that it is the duty
of good citizens to purchase (promote) locally grown farm products. CAA leaders’
pattern of response to the statement that vibrant community-based farming is more
likely to keep family farmers on the land than large corporate farming is similar to
the overall pattern response shown in Table 1. Generally, the data in Figures 2 and
3 and Table 1 show that CAAs believe in organic/sustainable and community-based
food production system. CAAs support for a sustainable food production system
speaks to their potential to serve as a linchpin in their communities for promoting
sustainable agricultural production systems and ensuring collective impact.

6.2 Predicting support for sustainable agricultural production systems

Table 2 shows the results of logit models using the stepwise procedure
(backward deletion) in SPSS. The use of stepwise procedures when the object of
the analysis is prediction and there is no formal theory to guide the selection of
variables to enter the model. The overall goal of the procedure is to maximize R?
while minimizing the number of predictors. In our case, we employed common
sense logic. We used the arguments in the instrumentation section to explain the
relevance of questions to the study objective and the size of the correlation with
the dependent variable. Based on this, we selected the initial set of six variables
shown in Table 2. In all models, all variables have the anticipated sign in the right
direction, i.e., all the variables should have a positive effect on the likelihood of
CAAs supporting farmer’s market. The best model is Model 1, with three variables
predicting CAAs support for local farmers’ market. Those CAAs with programs
supporting community based food production, those that encourage clients to
participate in urban agriculture and those that believe that community-based farm-
ing is better than corporate farming for preserving the quality of the land are more
likely to support the local farmers market. These three variables have coefficients
of 3.380, 1.208 and 0.801 respectively. The model Chi-square 45.289 was significant
at the 0.001 level. These variables produced R2 of 0.319, odds ratio of 10.806, 3.347
and 2.228 respectively. The size of the odds ratios indicates that there would be
substantial improvement in support for farmers markets with a unit change in the
independent variables.

For example, CAAs with programs supporting community-based agriculture
are almost 11 times more likely to support farmers markets. We believe that support
for farmers markets is the most meaningful measure of CAAs overall support for
community-based agriculture, since this form of support translates into income for
farmers and the community in general through the multiplier effect.

7. Discussion
The data show that there is moderate support for community based agriculture
(see Figure 3). 53% of CAAs report that they support farmers markets and 48 and

36% report program support for community-based and urban agriculture respec-
tively. These results are encouraging, given that community-based agriculture is not
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seen as a program priority for CAAs, considering the demand on their resources
for other programs to address persistent poverty in the BBS [40]. The overwhelm-
ingly strong positive opinion among CAAs concerning the use of organic methods,
the role of citizens in supporting farmer’s markets, the value of community-based
farming in preserving the land, environment and family farms and their favorable
view of cooperatives indicate that CAAs have the potential for providing strong
institutional support for the development and promotion of sustainable agricul-
tural production systems at the community level. In conducting 40 listening session
with CBOs across 9 states in the Black Belt region, we discovered that advocacy is
a core component of their programs. Thus, they possess the requisite experience
and skills to advance sustainable agricultural production systems. CBOs represent
a form of social capital and their networks foster coordination and cooperation for
the common good and the promotion of sustainable behavior [9, 10, 24, 41]. Social
capital is able to reduce transaction cost associated with collective action directed at
solving complex problems. Increased social capital is linked with movement toward
sustainable agriculture. Collective action facilitated by community organizations
such as CBOs can make a difference in achieving goals because the farmer and
community are more proactive in solving their own problems and are no longer
dependent on the whims of government or other outside entities [20, 42]. In the
context of developing and promoting sustainable agricultural systems, CBOs and
their networks provide the institutional support that empowers communities to be
more self-regulating and to act independently, collectively and proactively.
Promoting and developing organic/sustainable agriculture is unlike solving
a technical problem, although the tendency is to treat it like a purely technical
problem. A technical problem by definition is straightforward because the solution
is known and protocols for implementing solutions are well defined and results are
predictable and in many cases a single organization has the capacity to solve it, for
example producing a crop of corn or building a bridge. On the other hand, develop-
ing and promoting organic/sustainable food production system is akin to solving an
adaptive problem. An adaptive problem is complex. Its solution is not known or well
understood and even when solutions are known, it requires several organizations
working in unison to solve it. Developing a sustainable food production system is
a collective impact initiative that seeks to find a solution to an adaptive problem.
Such an initiative requires many stakeholders—a network of organizations—from
different sectors learning and working together to systematically address the system
of variables that will define a solution to the problem. In addition, all involved
stakeholders must be committed to changing their own behavior in order to adapt to
the change they seek to bring about [12]. CBOs, as we have discussed, are indispens-
able members of this network.
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Chapter 6

Organic Farming: A Good
Production Decision for Slovenian
Small Size Farms and Farms in

the Areas with Restrictions/
Limitations or Natural Obstacles
for Agriculture?

Anton Perpar and Andrej Udov¢

Abstract

The negative effects of intensive agriculture on the environment, human health,
natural resources, etc. require the use of more sustainable farming methods. The
decision for organic farming is based on various factors: the personal levels of
development and consciousness of the operator of the farm and members of his
family, the socio-economic and size structure of the farm, the type of area in which
the farm is located, the availability of the market and the demand for organic prod-
ucts, etc. Organic farming in Slovenia appears to be particularly suitable for smaller
farms, since it is more labor intensive, and payments from agricultural policy
contribute to the economic efficiency of the farm, despite lower yields. Especially
in protected areas, water protected areas, or less favored areas for agriculture,
organic farming can be a more convenient farming method. The traditional farming
practices that exist are already extensive and the available measures can contribute
to farm income and compensate farmers for different services that they provide for
the society. The multifunctionality of organic farming (and agriculture in general),
i.e., ensuring also the environmental and social roles, is only possible if farming is
economical at the same time.

Keywords: organic farming, sustainability, conversion, organic products, ANCs,
Slovenia

1. Introduction

The world today faces many challenges globally. It is characterized by
extremely rapid technological progress, changes in political and economic rela-
tions, increasing income disparities, increasing global climate change, and,
consequently, environmental burdens and changes in the natural environment.
All this has implications for agriculture and the countryside, the society’s attitude
to them, and views on food production, the methods and technologies used, and
the safety and quality of produced food. Adequate habitat for humans, plants,
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and animals, the quality of natural resources (soil, water, air, and ecosystems),
and safe food are the basic conditions for living on the planet. Global trends are
causing a decline in the quality and availability of natural resources that are being
consumed by today’s civilization. Trends and projections for population growth
(10 billion people are expected to live on Earth by 2050 [1]) will also require
increasing food needs. The current attitudes to agricultural production resources,
social and climate changes, and increasing pollution of basic natural resources
(soil, water, and air) require the strategic and economical management of these
resources in order to enable the present and future generations to survive.

Agriculture faces many challenges as well as requirements related to natural
resources, production technologies and methods, food safety, and quality. The
society also has high expectations for rural areas. Agriculture is expected to be
productive, competitive and economically attractive, resilient, and environmen-
tally sustainable. The countryside, which is largely characterized by agriculture, is
expected to be attractive to nonagricultural populations and to various economic
activities. Food and the environment are becoming increasingly important areas
of interest in modern society. Most countries are also increasing their emphasis,
including in the light of their current experience, to ensure an adequate level of
self-sufficiency in food products and to ensure food security. It should increas-
ingly be based on locally produced food, with known and controlled origins, short
retail chains, which also leaves a smaller environmental footprint while providing
employment and adequate income for local growers.

Modern consumers are giving more attention to nutrition and changing eating
habits. It is important that the food is healthy and safe, the supply is undisturbed,
and the way in which the food is produced or processed is supervised, so the ethical
aspects of food production are also becoming important. Developed countries are
also becoming more aware of the problem of large quantities of discarded food,
which requires a different attitude toward food, reducing quantities of discarded
food, better management of food surpluses, and greater awareness among consum-
ers, traders, and producers.

Agriculture can also have negative impacts on the environment and climate,
such as greenhouse gas emissions, negative impacts on water quality and water
resources, and on natural ecosystems and biodiversity.

Organic agriculture, on a global, European, and Slovenian scale, is gaining in
importance. The number of organic farms, the share of organically cultivated agri-
cultural land, the amount of organically produced food, and thus the market share
of such food are increasing. In Slovenia, organic farming is one of the possibilities
of producing safe and quality food, while fulfilling many other roles that agriculture
plays beside the production of food.

Organic farming largely meets the expectations and needs of the society in
terms of protecting the environment in food production, the production of quality,
healthy, and safe foods with high nutritional value, and the sustainable manage-
ment of nonrenewable natural resources and the livestock of adequate breeding.
Usually, organic farms have mixed production that combines crop production and
animal husbandry. This allows for efficient resource management, nutrient cycling,
biodiversity, environmental protection, and animal-friendly breeding. In both crop
and livestock production, prevention of problems rather than their treatment is
emphasized. The use of chemically synthesized fertilizers and pesticides, growth
regulators, and hormones and the use of genetically modified organisms are not
permitted in organic farming. Organic farming is based on rational use of natural
resources, crop rotation, production of intermediate crops allowing the binding
of nitrogen from the air, animal fertilizers, green fertilization and compost, biotic
control of pests, and varieties more resistant to diseases and pests.
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Organic agriculture has a clear philosophical approach to farming, and the
holistic approach focuses on working together with nature instead of against it [2].

Organic farming contributes significantly to the provision of public goods, in
particular to maintaining a sharp improvement in biodiversity, preserving drinking
water resources, creating jobs due to the increased need for labor and increased
unit labor value, preserving the agricultural cultural landscape, and protecting the
environment in general.

Organic and agro-ecological farming methods are based on four key principles:
health, ecology, fairness, and care, enunciated by the International Federation of
Organic Agriculture Movements (IFOAM) [3] and they guarantee healthy food
production, assure environmental protection, and emphasize local resources and
food systems [4]. Following these principles (included in various sets of standards,
legislations, and production guidelines in different countries or for example on EU
level) in practice enhances soil fertility and biodiversity, minimizing land degrada-
tion and erosion, chemical pollution, and other negative effects of industrialized
agricultural activities.

2. Various aspects of organic farming

Agriculture to be sustainable should be environmentally and socially sensitive,
but also economically viable. We can talk about economic, environmental, and
socio-cultural aspects of organic agriculture.

2.1 Economic aspects

From an economic point of view, organic farming, as a more extension produc-
tion method, has mostly higher production costs and lower yield that have to be
covered with higher prices for consumers, price premiums, or subsidies [5, 6].
Organic farmers also sell their products through short distribution chains, mostly
directly on farm, or on local street markets where they can achieve higher prices
instead of supermarkets. They are able to achieve higher margins from the added-
value if they processed their organic products at home or in cooperatives. Short
food supply not only reduces negative environmental effects but, because of better
efficiency, also brings down final prices for consumers and highlights the value of
farmers’ work.

2.2 Environmental aspects

Environmental aspects are one of the most important characteristics and
benefits of organic farming with very positive effects on soil, water, biodiversity,
and climate change [5, 8, 9]. The main objectives of organic farming in relation
to soil are the maintenance and enhancement of soil life and natural soil fertility,
soil stability, and soil biodiversity, prevention of soil compaction and erosion, and
the nourishment of plants with natural nutrient circuit. High organic matter in
organic soil can be maintained and improved through crop rotation, with crops
that fix nitrogen from the air, with green cover, or with manure from livestock
production. Strict rules do not allow using external nonorganic inputs (synthetic
fertilizers) [5, 7-9].

Another problem of intensive conventional agriculture is water pollution.
Organic farming, with strong restrictions in the use of chemically synthesized
pesticides and mineral nitrogen fertilizers and lower animal stocking rates on
farm, causes much less water pollution and helps to reduce leaching rates. With
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timing tillage properly, farmers can achieve further benefits in order to reduce
nutrient leaking.

Organic farming contributes to high degree of biodiversity in terms of domes-
ticated species and floral and faunal diversity on the surface and in the soil.
Traditional varieties and breeds, adopted on local conditions, and crop rotation
make the whole system even more resilient, especially regarding pest and diseases.
The maintenance of natural elements in the landscape, such as hedgerows, strips,
and field margins can help to establish the ecological balance and make conditions
for the predators of crop pests.

Farming, organic and conventional, has some positive and negative climate
effects. The positive effect is that agriculture has a positive impact on carbon
dioxide (CO,), acting as carbon sink. Plants use it for photosynthesis and store it in
the soil’s organic matter. Due to the high organic matter content in the soil, organic
farming as also conventional can contribute to CO, reduction. Methane emissions
from livestock production have negative effects. Due to the low stocking density,
organic farming produces less methane on a hectare unit as conventional farming.
There are still potentials to reduce methane emissions with improving manure
management, ruminants’ diet, or increased productivity that can improve methane
emissions on yield basis and reduce production costs [5, 7-9].

2.3 Social aspects

Organic farming has positive effects also on human and animal health and ani-
mal welfare. Currently, the questions of food choice has become also an issue from
the perspective of public health and motivation of the policy makers in developed
economies to improve dietary patterns of the population [10]. Therefore, healthi-
ness of the products in comparison to conventional food options is among the main
reasons for organic food purchase. Food safety and well-balanced diet are important
prerequisites for good health and well-being [5]. General rules on animal welfare
are the same for organic and conventional farming. However, organic farming rules
demand still higher level of animal welfare and an assurance of species-specific
needs. On organic animal husbandry, animals must have free access to open air that
can also interact among them. The number of animals must be adjusted to the avail-
able land and sticking density inside buildings and outside to ensure comfort and
well-being of the different species. The use of antibiotics and hormones is strictly
prohibited and good animal health can be achieved by the selection of appropriate
breeds and building of immunological defenses of animals.

Organic farming has the potential to assure also some social aspects, as a kind of
positive externalities of its operating, like job opportunities and other contribution
to local and regional economies.

One of the characteristics of organic farming is also higher demand for labor in
comparison with conventional agriculture [11], due to the need for more manual
and mechanical work instead of chemical inputs. Some additional time is needed
also to prepare products for market sale or for their distribution to consumers
directly or for selling personally on local markets, for their processing at home,
etc. On the other hand, this means a contribution to employment in rural areas
and makes possible also to keep and operate small farms, which otherwise would
not be competitive enough. Other social dimensions of organic farming, beside
the influence on labor demand, are also connected with human health, democratic
participation, resiliency, biological and cultural diversity, quality of life and
human well-being, equity and ethics, and institutions (e.g., farmers’ cooperatives
and associations) [12]. Benefits for farmers and other local people result from
diversification of activities and income on farms (e.g., processing of products and
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tourism on farms) and through payments for ecosystem services that can have
income and quality of life influence. Local residents gain human health benefits
through access to fresh, traditional foods and access to landscape for leisure
activities and have opportunities for direct relationships with producers. They can
not only directly buy products but also help farmers with work as a kind of social
gathering. Other wider social benefits can be in the field of democracy, gender
perspective, resiliency, quality of rural life, and cultural conservation. Through the
active engagement of producers, local residents, and visitors, democratic participa-
tion has improved. There are much more opportunities and need for cooperation
between different stakeholders to build social capital, to preserve agricultural
culture, knowledge, and traditions, to preserve some traditional production and
processing techniques, etc.

3. Factors influencing the conversion to organic farming

Several studies in different countries tried to find out the factors that determine
or have influence on farmer’s decision to convert to organic farming [13-20]. In
general, the determinants can be divided into economic and noneconomic factors
[17], and most studies that analyzed the adoption or conversion to organic farming
confirmed the relevance of both types of factors.

For the decision about farming system, farmers’ objectives are important.
Objectives can be summarized as economic, environmental, or sociocultural [17].

Factors that influence the decision to convert from conventional to organic
farming in the reviewed studies are as follows:

» Farmers’ characteristics (age, gender, education, experiences, entrepreneurial
spirit, etc.)

* Farm structure (farm size, location, soil type, favorable or not favorable condi-
tions for agriculture, available machinery, etc.)

* Farm management (input use, crop rotation, crop diversification, specializa-
tion, etc.)

* Exogenous factors (market prices, market size, available subsidies, information
access, availability of advisors, support policies, etc.)

* Attitudes, opinions, and preferences (about the environment, life style, health,
risk, acceptance within the rural community, etc.)

More authors [14, 15, 21] concluded that the availability of information sources
is an important factor in conversion process. Conversion is always connected with
some risk. De Cock [22] in his study confirmed that conventional farmers are more
risk averse than organic farmers; similar are the findings of Sera et al. [23] and
Gardebroek [24] that organic farmers are less risk averse as conventional farmers.

Kallas et al. [17] confirmed an expectation that for the adoption of organic farm-
ing location of farm can also play an important role. The location of farms in an
unfavorable area for agriculture motivates adoption, and more likely to convert are
also farmers who have second economic activity apart from agriculture and small
family farms. Farm specialization also can have an influence; for example, farmers
whose total farm income comes only from viticulture are less prone to convert.
Conversion is more probable if the farm has diversified production or activities.
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Organic farms in general usually diversify their activities to reduce all kinds of risks
(yield loss, decreasing prices, natural catastrophes, etc.).

Older farmers are less willing to convert [15, 17, 20, 25], are mostly less educated,
and are not so ambitious anymore. It is understandable that they are not so ready
anymore for adjustments and changes, new learning, investments, new risks, etc.
Their decisions are mainly based on economic variables, while the importance of
the environmental over the economic considerations is a basic factor in the decision
to convert to organic farming.

The results of the Norwegian study [18] did not differ much. Organic farmers
in Norway, compared with conventional farmers, mostly have larger farms, are
mostly oriented to crop production, are more educated, and are located closer to
urban centers. Farmers have different goals for their farms that can differ between
conventional farmers, organic farmers, and farmers that are planning to convert. In
Norway, main goals of conventional farmers were economic: to “achieve stable and
reliable income,” to “maximize profit,” and to “improve the farm for next genera-
tion.” Organic farmers rank “sustainable and environmental-friendly farming” in
the first place, while conventional farmers put this goal after economic goals. After
environmental goals, organic farmers ranked “producing high quality food” and
“reliable and stable income.” Suitable income was one of the three most important
goals by all three groups of investigated farmers (conventional, organic, and farm-
ers that are planning to convert), and it is also seen as a strategy for risk avoidance.
All three groups of Norwegian farmers as least important goals ranked “higher pri-
vate consumption,” “increasing equity,” and “social contacts.” Among the motives
for the decision for organic farming, organic farmers choose as most important to
“produce high quality food,” “higher soil fertility and less pollution problems” as
second, and “professional challenges” as third. As least important motives, they
defined “natural conditions” and “more stable income.” Farmers that are planning
to convert to organic farming ranked motives little different; for them, financial
motives (“profitability” and “organic farming payments”) are most important,
while “production of high quality food” and “ideological and philosophic reasons”
were less important for them as compared to certified organic farmers. Main goals
and motives for organic farmers in Norway are therefore still traditional environ-
ment, food quality, and philosophical concerns. On the other hand, financial con-
siderations (“profitability” and “income stability”) are important for conventional
farmers as well as important motives for conversion for the potential converters.

Studies in other European countries found higher density of organic farms in
regions less favorable to agricultural production (e.g., in Austria, Switzerland, and
Germany). Results of a study in Germany [26] show that the number of organic
farms and higher percentage of organically managed land are negatively correlated
to soil quality and positively influenced by organic grassland payments.

Darnhofer et al. [27] studied the reasons and constraints of farmers for convert-
ing to organic farming in Austria. They identified five types of farmers: “committed
conventional,” the “pragmatic conventional,” the “environment-conscious but not
organic,” the “pragmatic organic,” and the “committed organic.” For “committed
conventional” farmers, conventional approach to agriculture is the only sensible
way. Their focus is maximizing outputs and profit per hectare, minimizing produc-
tion costs, intensive use of external inputs, the introduction of the new technologies
that make this possible, specialization of the farm, etc. Organic farming for them is
not more environmentally friendly than conventional farming and they do not see
organic farming as technically and/or economically feasible. They do not even think
to convert to organic farming. “Pragmatic conventional” farmers can be seen as
potential converters. They are generally not against organic farming, but a conver-
sion is too risky for them, and without tangible benefit of the conversion, they will
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not implement it. Their main constraints are connected with the technical challenges
and needed changes with farm organization, the uncertainty of price, and available
market for their products. Some good examples of organic farmers’ conversion in
the area and available market for organic products can make them to be more open
for conversion. Most farmers see economic viability as a necessary condition for
conversion, but not a sufficient one. These farmers are more inclined to solutions
that do not require conversion, for example, farm diversification or additional
off-farm income. The third type of farmers is “environment-conscious but not
organic.” They are committed to environmentally friendly farming practices, but
they do not receive any agri-environmental payments. Because they are not certified
organic farmers, they are more flexibly and not subject to controls and are more
independent of the regulations, although some of them follow organic standards
very closely. The reasons are also bureaucratic demands and costs connected with
certification, record-keeping, etc. Some of them are self-declared organic producers
(without organic certificate) that have customers willing to pay premiums without
organic certificate, because they trust them, as well as the quality of their products.
There is no need for them to convert to organic methods. “Pragmatic organic” farm-
ers were motivated to convert by good prospect for security income, mostly through
the payments of agri-environmental programs. Financial motives were more
important for their conversion as sustainability, health, or ethical aspects. Although
financial motives are important for this group of farmers, income-maximization
attitude for them is not necessary in the first place [15].

Compensatory payments enable them to “learn by doing.” They like to learn and
make experiments with new ventures. Their challenges are the diversity of task in
organic production, need for the craftsmanship, and always new skill requirements.
Organic farming for them is an alternative to conventional farming but close to the
“farming economically” thinking [28].

The “committed organic” farmers follow a fundamental philosophy of organic
farming: close nutrient cycles, no use of synthetic fertilizers and pesticides, crop
rotation, and care for soil health. Organic farming for them is also a social move-
ment and political statement and not only a production technique. Their first
considerations are, beside the already mentioned basic principles, producer and/
or customer health, ethical norms, and lifestyle; economic considerations are of
secondary importance. These groups of farmers are really organic farming believers
and mostly pioneers.

4. Organic farming today on global, EU, and Slovenian level
4.1 Organic farming on the global level

At the end of 2017, nearly 70 million hectares of agricultural land were involved
in organic farming on a global scale. Comparing to the end of 2016, there isa
growth of 20% [29]. The largest organic agricultural area was recorded in Australia
with 35.6 million hectares; the second in Argentina with 3.4 million hectares and
the third in China with 3 million hectares. Europe together had the second largest
area in 2017 (14.6 million hectares). Organic-managed agricultural area increased
globally in all continents and in 2017 presented 1.4% of total global agricultural
land. Shares of organic agricultural area compared to total agricultural area differ
between the countries and were the highest in 2017 in Liechtenstein (37.9%), Samoa
(37.6%), and Austria (24%). The global market for organic food in 2017 based on
estimations reached around 97 billion US dollars (approximately 90 billion euros).
The leading market with organic products were in the USA (40 billion euros),
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followed by Germany (10 billion euros), France (7.9 billion euros), and China (7.6
billion euros). Organic markets in 2017 showed a growth, in France for example

by 18%. Country with the highest amount spent on organic food in 2017 was
Switzerland (288 euros per capita), while Denmark had the highest organic market
share (13.3% of the total food market). Countries differ also by numbers of organic
producers. The total number of organic producers in 2017 has been estimated at 2.9
million. The highest number had India, followed by Uganda and Mexico. The num-
ber of producers between 2016 and 2017 increased by almost 5%. Organic land use
structure in 2017 was the following: over two-thirds presented grassland or grazing
areas (almost 48.2 million hectares), 17% (over 12 million hectares) arable land,
and 7% permanent crops (nearly 4.9 million hectares). Arable land use had high-
est share for cereals and rice production (almost 38% of all), production of green
fodder on arable land (over 23%), oilseed production (10%), and vegetables and
dry pulses on the rest. Among permanent crops, the largest share belongs to coffee
and olives (each with almost 20% of the organic permanent cropland), followed by
nuts, grapes, and tropical and subtropical fruits.

4.2 Organic farming in Europe and European Union

At the end of 2017, organic farming in the whole Europe was carried out on 14.6
million hectares of agricultural land (2.9% of the agricultural area). Compared to
2016, organic farmland has increased by over 1 million hectares. The largest organic
agricultural areas were in Spain, Italy, and France. Retail sales of organic products
increased by 10.5% compared with 2016 and reached 37.3 billion euros in 2017.
Germany had the largest market for organic products (10 billion euros), followed by
France (7.9 billion euros) and Italy (3.1 billion euros) [30, 31].

Organic farming in European Union in 2017, by Eurostat data, was carried out on
12.6 million hectares of agricultural land in use in 28 member states, representing
7% of the total utilized agricultural area. The differences between member states
are considerable. The largest shares of agricultural land in use for organic farming
in 2017 had Austria (23.4%), Estonia (19.6%), and Sweden (19.6%). Since 2013,
the number of fully organic agricultural holdings in the EU-28 increased by 30%
and represented around 2% of total EU-28 agricultural holdings, while increase
in organic area between 2012 and 2017 was 25% [30, 31]. Some member states
increased their total organic area between 2012 and 2017 significantly (i.e., Croatia
and Bulgaria for over 100%), and some decreased in smaller amount (Poland for
24.5%, the UK for 15.6%, Greece for 11.3%, etc.). Countries with the highest total'
organic areas in terms of hectares are Spain, Italy, and France. These countries
together with Germany in 2017 presented around 55% of the total EU-28 organic
areas (Table1).

Total organic area can be used as arable land (production of cereals, root crops,
fresh vegetables, green fodder, industrial crops, etc.) or as permanent grassland
(pastures and meadows as food for animals) or as permanent crops production
(fruit trees, olives, and vineyards). In 2017, in EU-28, arable land represented
44.5% of the total organic crop area, permanent grassland 44.4%, and permanent
crops 11%. There are significant differences between EU member states also in

! The total organic area is the sum of the “area under conversion” and the “certified area” Before an area
can be certified as “organic,” it must undergo a conversion process, which may take 2-3 years depending
on the crop. For plants and plant products to be certified organic, the production rules must have been
applied on the parcels of land during a conversion period of at least 2 years before sowing, or, in the case
of grassland or perennial forage, at least 2 years before its use as feed from organic farming, or, in the
case of perennial crops other than forage, at least 3 years before the first harvest of organic products.
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Organic area (ha) Change 2012-2017
(%)
2012 2017

EU-28 10,047,896 12,560,191 25.0
Belgium 59,718 83,508 39.8
Bulgaria 39,138 136,618 249.1
Czech Republic 468,670 496,277 5.9
Denmark 194,706 226,307 16.2
Germany 959,832 1,138,272 18.6
Estonia 142,065 196,441 383
Ireland 52,793 74,336 40.8
Greece 462,618 410,140 -11.3
Spain 1,756,548 2,082,173 18.5
France 1,030,881 1,744,420 69.2
Croatia 31,904 96,618 202.8
Italy 1,167,362 1,908,570 63.5
Cyprus 3923 5616 432
Latvia 195,658 268,870 374
Lithuania 156,539 234,134 49,6
Luxembourg 4130 5444 318
Hungary 130,607 199,683 52.9
Malta 37 41 10.8
Netherlands 48,038 56,203 17.0
Austria 533,230 620,656 16.4
Poland 655,499 494,978 —24.5
Portugal 200,833 253,786 264
Romania 288,261 258,471 -10.3
Slovenia 35,101 46,222 317
Slovakia 164,360 189,148 151
Finland 197,751 258,672 30.8
Sweden 477,684 576,845 20.8
The United Kingdom 590,011 497,742 -15.6
Norway 55,260 47,042 -149
Switzerland 121,013 150,491 244

Data source: Eurostat (online data code: org_cropar [31]).

Table 1.
Total organic avea in EU-28 and some other European Countries in 2012 and 2017 [31].

this structure: in 13 member states, permanent grassland covered more than 50%
of the organic area (i.e., Ireland (95%), Czech Republic (85.5%), and Slovenia
(81.4%)), while arable land represented more than 50% of the organic area in

11 EU member states (highly predominant in Finland (99.2%), Denmark (81%),
and Sweden (77.9%)). Permanent crops were less presented in the total organic
area, the highest shares in 2017 had Malta (48.8%) and Cyprus (46.7%) with

109



Multifunctionality and Impacts of Organic and Conventional Agriculture

100 - - - - - - = - —
I TEd 1111} I : I ' i I
L]
B0
il
1]
50
0
30
20
10 J_
0 —r T T T
& = = - o e E g [ L ! )
§ FYSRiriiSiis8Yii5pE484849F 11F G4
= 3EiEEE:;aﬁE—T"E%Er‘-gé‘uﬁ‘“sg“;ﬁs‘ﬁ Exz S4%
-I-ﬁmi 3 = 35:—..-.:: E;ﬁi =Y @E - E
R T & -
=
=
u Arable land Permanent grassland @ Permanent crops

Figure 1.
The structure of organic agricultural land in use by country in 2017 (% of total organic area—fully converted
and under conversion). Data source: Euvostat (online data code: ovg_cropar [31]).

predominated olive trees, and the share was more as 20% in Italy, Spain, Portugal,
and Bulgaria and between 10 and 20% in Croatia and Greece. In the rest of the 16
EU member states, permanent crops accounted less than 5% of the total organic
areas (Figure1).

The most popular species in organic livestock in EU member states in 2017 were
bovines and sheep. The number of organic bovine animals was more than 4 million
heads (around 5% of all bovines reported in 2017). The highest shares of organic
bovines, dairy cows, and sheep and goats had Latvia (34.1% of total sheep and goat
and 23.6% of bovines), Austria (21.7% of total bovines), and Sweden (21.2% of
total bovines). The highest share of organic dairy cows in 2017 had Austria (21.2%
of all dairy cows), followed by Sweden (16.4%) and Latvia (12.7%). Organically
reared pigs had small share of the total reared pigs, and the highest share had
Denmark with 3% [31].

4.3 Organic farming in Slovenia

In 2018, 3741 agricultural holdings were included in the organic farming control
system (2.9% more than in 2017), of which 3320 were already organic agricultural
holdings, with obtained ecological certificate, while the remaining 421 were still in
conversion (Figure 2) [32]. In 2018, all agricultural holdings in the organic farming
control system accounted for 5.4% of all agricultural holdings in Slovenia, and those
that already reached the status of organic producers represented 4.8% of all agricul-
tural holdings in Slovenia [32, 33].

In 2018, the area of ecological agricultural land in use increased by 1320 ha
or 7% compared to 2017 (between 2016 and 2017, increased by 3996 ha or 11%).
Organic production in 2018 was carried out on 47,848 ha of utilized agricultural
area (on about 10% of all agricultural land in use). Permanent meadows and
pastures occupied the largest share in the structure of organic agricultural land in
use, over 81% (Figure 3). Compared to 2017, in 2018, the area of organic permanent
meadows and pastures decreased by 1%, the area of organic vineyards increased the
most (by 37% or 124 ha), orchards by 14%, and olive trees by 13%, while the area of
organically produced vegetables increased by 11%.
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Dynamic of growth of organic farms in Slovenia between 2000 and 2018. Data source: SiSTAT [33].
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Figure 3.
The structure of organic agricultural land use in Slovenia in 2018. Data source: SiSTAT [33].

In 2018, fruit production was significantly higher than in 2017, almost by 6
times. Due to adverse climatic conditions (frost and hail), fruit production in 2017
was namely very low or even without any products, and also other plant produc-
tion in 2017 was lower. Better production conditions in 2018 have made it possible
to increase the total organic production in arable land and gardens by 27% and in
vegetable production by 21%, while the output of organic vineyards’ production
was 15% higher and in olive groves by 31%.

Due to the large share of grassland, as well as the need for organic fertilizers for
organic farming, organic farms usually also keep cattle. The number of individual
species kept by organic farms varies, while poultry, cattle, and sheep dominated
the number of animals. Between 2016 and 2017, the number of animals on organic
farms increased by around 4%. The number of organic honeybees increased by as
much as 20%, while the number of rabbits decreased by 11%. In 2018, the number
of animals on organic farms decreased by 9%, probably because of worst climatic
conditions for the production of animal feed. The only increase compared to 2017
was in the number of beehives by 31% (Figure 4). In 2018, the amount of organic
products from animal production increased: the total weight of meat by 26% (cattle
meat increased by 27%, pig meat by 19%, sheep meat decreased by 41%, and goat
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Figure 4.
The number of animals on organic farms in Slovenia in 2017 and 2018. Data source: SiSTAT [33].

meat by 57%). The increase was significant also in the weight of poultry meat by
29% and in the weight of other animals’ meat (i.e., games) by 238%. The increase
compared with 2017 was evident also in the production of cow’s organic milk by
20%, while sheep’s and goat’s milk decreased (by 2 and 13%). Honey production in
2018 was 41% higher than in 2017 and egg production 26% higher [32].

Despite the growth in number of organic farms in Slovenia, the current devel-
opment of organic farming is not in line with the expectations and goals set in
the Action Plan for the Development of Organic Agriculture in Slovenia by 2015.
Problems in the field of organizing and linking producers have been identified as
the most problematic [34]. There is still insufficient volume and supply of organic
foods, there are not enough qualified organic crop advisers and poor knowledge
transfer, in animal products from organic farming it still happens that organic
products go into conventional processing, etc.

The Ministry of Agriculture of the Republic of Slovenia will strive to achieve
these goals in the future, since organic farming will be an important part of the
agricultural development strategy in Slovenia after 2020. “The society expects
quality food and smart management of natural resources. Consumers are increas-
ingly putting in front their health and the healthy environment in which they live.
Organic farming present also a good entrepreneurial opportunity for farmers, and
the ministry intends to continue to raise awareness among consumers of healthy
food and the environment, and to encourage the demand for local, organic foods,
and, on the other hand, promote the integration and participation in the food
production chain” said the Minister of Agriculture of the Republic of Slovenia Dr.
Aleksandra Pivec [35].

5. Organic farming and the areas with restrictions/limitations or natural
obstacles for agriculture

Organic farming, due to its production characteristics, can be a good choice for
farming in areas such as “areas facing natural or other specific constraints” (ANCs),
before in the EU called “less favored areas” (LFAs), protected areas (national,
regional, or landscape parks), Natura 2000 areas, and water protection areas. Such
areas are precisely spatially defined, based on criteria defined by the European or
Slovenian legislation.
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Figures.
Aveas facing natural or other specific constraints in Slovenia.

5.1 Areas facing natural or other specific constraints (ANCs)

Many farmers in Europe are located in areas that are less favored for agriculture.
They are facing natural constraints such as difficult climatic conditions, steep
slopes, worst soil quality, and other natural handicaps. Farmers in such areas face
many difficulties and have higher production costs but are very important from the
viewpoint of sustainability. Most developed countries are paying them to mitigate
the risks of land abandonment and thus a possibility of desertification, loss of
biodiversity, valuable rural landscape, and other multifunctional roles that farmers
play in such areas. ANCs are designated by member states based on EU Regulation
1303/2013 where objective biophysical criteria for the designation are declared. EU
Member States have possibility to designate three different categories of ANCs: (1)
mountain areas; (2) areas, other than mountain areas, facing natural constraints;
and (3) areas affected by specific constraints [36]. In Slovenia, 86.9% of the country
area is declared as ANCs or 76.2% of all agricultural land (Figure 5) [37]. Farmers
with agricultural land in ANCs are eligible to receive compensation payments
that are calculated on the basis of differences in costs or income as resulting from
natural constraints and in comparison to areas not suffering from those natural or
specific constraints.

5.2 Protected areas

In Slovenia, 269,475 ha or 13.3% of the national territory of Slovenia is
defined as a protected area characterized by a rich and heterogeneous natural
and cultural heritage. Such areas have not only economic but also environmental
and social potential; thus, all aspects and prerequisites should ensure sustainable
development. Protected areas in Slovenia are represented by one national park
(Triglav National Park), three regional parks, 44 landscape parks, and several
smaller protected areas such as nature reserves (57) and natural monuments
(1164) [38].
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In the Nature Conservation Act [39], protected areas are defined as areas of
nature with a great abiotic, biotic, and landscape diversity and high density and
diversity of natural values.

5.3 Natura 2000 areas

The main objective of the Natura 2000 network in the European Union is to
conserve valuable biodiversity for future generations [40]. Slovenia is one of the EU
Member States with well-preserved environment and with very rich biodiversity.
Great biodiversity is not only the result of different geo-morphological and climatic
conditions but also a result of human activities in space. Natura 2000 areas in
Slovenia in total encompass 7684 km” or approximately 37% of the country territory
[41], one of the highest among EU member states. Two thirds of Natura 2000 sites
in Slovenia are forested, a substantial part consists of areas with little vegetation
above the tree line in the mountains (rock walls), and there are notable grassland
areas. A quarter of the total Natura 2000 sites in Slovenia are protected areas
(Triglav National Park, regional and landscape parks, nature reserves, or natural
monuments).

Implementing of appropriate farming practices in Natura 2000 sites is a prereq-
uisite for the conservation of certain plant and animal species and habitats. The use
of agricultural land within Natura sites is regulated by EU regulations and allows
farmers to obtain direct payments for farming. There are also certain restrictions,
such as prohibiting the plowing of rich grasslands and need for maintaining land-
scape features (e.g., preserving vegetation zones along watercourses, smaller basins,
dry walls, terraces, and tree groups). An instrument for directing the agricultural
use of such areas is the agri-environment-climate payments under the CAP (i.e.,
KOPOP measures in Slovenia), which represent one of the most important ways
of directing agricultural activity to a more sustainable way in Slovenia and in the
EU. Farmers decide for such measures voluntarily, but they have to implement it on
the area covered for at least 5 years. In addition to these measures, some other pay-
ments (e.g., ANCs, support for organic farming) that contribute to land cultivation
and, in particular, the prevention of grassland overgrowth in Natura 2000 sites can
contribute to the achievement of sustainability objectives in Natura 2000 sites. Other
CAP Measures such as Cooperation, CLLD, Knowledge Transfer, and Counseling
also contribute to the achievement of the conservation objectives of the sites [42].

5.4 Water protection areas

Water protection areas in Slovenia cover about 17% of the country’s territory
[43]. They are located mainly in the plains, where agriculture is the most intensive.
The burden on water and its quality comes not only from agriculture but also
from disorderly sewage, wild waste landfills, transport, industry, etc. In Slovenia,
groundwater accounts for as much as 98% of all drinking water supply for residents,
making efficient protection of groundwater quality of great importance for the
health of the population [44]. Most water protection areas in Slovenia are covered
by forest (61.1%), followed by grassland (13.6%) and fields (10.9%) [43]. Despite
the fact that ecological farming is the most suitable due to the protective objectives
on these areas, the share of ecological areas in water protection areas is less than
2%. The reason is likely that these areas are in plains where intensive farming is
dominant. In addition, the farm cannot farm organically on water protection areas
and conventionally in the remaining ones at the same time. By regulation, only the
whole farm can be converted into organic. Due to restrictions on farming, farmers
are achieving lower yields on such land. Environmental legislation in the fields
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Utilized Share of utilized Areain Share of area No. of Share of
agriculturalarea  agricultural area organic in organic organic organic
(UAA) (ha) (%) control (ha) control (%) farms farms (%)
ANCs (LFA) 449,000 724 28,198 94.5 1922 93.0
Natura 2000 142,067 229 6820 229 369 179
areas
Protected 66,293 10.7 1487 5.0 124 6.0
areas
Water 95,768 154 4913 16.5 263 127

protection
areas

Data souvce: [45, 46].

Table 2.
Utilized agricultural area, avea in organic control, and no. of ovganic farms in different types of aveas.

of water protection areas and agriculture are consistently implemented and con-
trolled, but on the other hand, the state does not pay farmers yet for a loss of income
at the expenses of the restrictions it imposes on the legislation. There is much
dissatisfaction among farmers and therefore probably less readiness for organic
farming on water protection areas.

The data in Table 2 show the organic farms by type of area with restrictions/
limitations or natural obstacles for agriculture (situation in 2011).

The majority of Slovenian organic farms (93% of all) were in 2011 in areas facing
natural or other specific constraints. This is not particularly surprising since such
areas make up as much as 85% of the country’s territory. Farms in such areas have less
favorable conditions for agriculture, so the conversion to organic farming is one of the
strategies to survive and improve the economic situation. Due to the high proportion
of permanent grassland in ANCs, high share of organic farms in such areas special-
izes in livestock husbandry [46]. Such a distribution of organic farms indicates that
organic farming is more interesting for farms with poor conditions for cultivation and
with already extensive farming practices that do not need some special adjustments.
Subsidies contribute to their farm efficiency. In 2011, approximately 23% of total area
in organic control in Slovenia and 18% of total number of organic farms were located
in Natura 2000 areas. This indicates that more incentives to increase a share of organic
farming in areas with high biodiversity are needed. Only 13% of organic farms were
located in 2011 in water protection areas, and only 16% of the farmlands were organi-
cally cultivated.

6. Determinants of organic food consumption

Organic producers depend on the demand for organically produced products.
The proportion of consumers purchasing organic food on a regular basis remains
low, although consumers have mostly positive attitudes toward organic food as
proved in many studies. Decisions about organic food consumption are influenced
by different factors. Aertsens et al. [47] made an overview of different studies and
exposed the following determinants:

* Values such as security (e.g., health is often the strongest motive for purchas-
ing organic food), hedonism (good taste, fun, and enjoyment), stimulation
(excitement, novelty, and challenge in life), universalism (understanding,
appreciation, tolerance, and protection for the welfare of all people and for
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nature), benevolence (the desire to do good to others with whom one is often in
personal contact), self-direction (choosing, creating, and exploring; e.g., some
consume organic food to differ from others and to make a positive self-image
and identity), conformity (comply with the expectations of others and violate
social expectations or norms), and power (social status, prestige, control, and
dominance over people and resources)

o Attitudes (e.g., beliefs about health, taste, and environmental consequences)

* Cognitive and affective components of attitude (cognitive = thinking, affec-
tive = feeling; feelings often tend to predominate in forming personal attitude
toward organic food)

* Emotions (positive: happiness, love, contentment, and pride; negative: sadness,
fear, anger, shame, guilt, empathy etc.)

* Attitude influencing intention (attitude toward buying organic food and the
intention to buy)

* Subjective norm or social norms (subjective norm = social pressure for a person
to engage or not to engage in a behavior, social norm = information about what
behavior is most appropriate or beneficial)

* Personal norm and morval norm (personal norm = an individual’s conviction that
acting in a certain way is right or wrong; moral norm = morally relevance of a
situation)

* Perceived behavioral control (people’s own perception about the ability to
perform a given behavior), perceived barriers (price, availability, lack of
trust, and product appearance), and perceived abilities (income impact on the
performance of behavior)

* From intention to behavior (positive correlation between intensions of buying
organic food to behavior)

* Socio-demographic factors (gender, age, education, and children in family)

* Macro-level factors (the differences between the regions in the world and in the
development of their organic markets, the functioning of institutions, the envi-
ronment people are living in (rural or urban), general knowledge about and trust
in organic food, cultural differences, economic and technological factors, etc.)

One of the strongest motives for purchasing organic food is connected with
food safety and healthiness (values). Organic consumers believe that organic food
tastes better than conventional and also curiosity often stimulates purchase. From
universalism point of view, organic farming is mostly perceived by consumers
to be more environmental friendly as conventional farming. Some people may
consume organic foods that make them different from others and feel some posi-
tive self-image and identity. Beliefs about health, taste, and environmental aspects
have strong influences on attitude toward buying organic food. Consumer response
and behavior are often emotionally conditioned (e.g., fear of contaminated meat
determines purchasing behavior of organic meat). All kind of norms (social,
personal, and moral) influence purchasing organic products as well and there
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are some barriers too such as high prices, availability of products, lack of trust in
organic certificates, and financial abilities. People with low income have limited or
no possibility to buy organic products despite the fact that they want and believe
in such products. Socio-demographic characteristics of consumers have less influ-
ence on organic food purchases as values [47]. From a gender perspective, more
women than men have positive attitudes toward organic food; women generally
also concern more about health and healthy food. The age was not recognized as

a very significant factor; some studies found the differences between age groups,
but more of them did not. The differences are probably influenced by other factors
(e.g., macrolevel factors). Families with children are more likely to buy organic
food products, while education seems not to play an important role in organic food
consumption.

Slovenian consumers purchase mostly in supermarkets or discount stores. One
of the latest studies [48, 49] on purchasing habits of Slovenian consumers showed
that 28% of interviewed customers often buy organic products, 34% of them occa-
sionally, and 34% very rare or never. There are no significant differences between
the groups of customers buying conventional or organic products, except that
among customers of organic products share of women is higher. Buyers of organic
food are not different by region and type of settlement, but they have higher
income. Regular organic food buyers are more likely to buy organic food directly
from the farmer, on farm, or on local street market, and to a lesser extent from
supermarkets and discount stores. Customers see the supply of organic products in
supermarkets as too narrow and mostly not Slovenian origin. One of the strongest
motives for purchasing organic food is customers believe that such food is fresh,
healthier, of higher quality, and of better taste. Over 40% of organic food buyers
believe that such food is completely free of pesticide residues.

The main obstacle for those who do not buy organic food and products is too
high price; they also do not trust that organic food is of better quality, healthier, or
tastier as conventionally produced food. They even do not trust in their origin and
food labels.

The origin of the product is very important for Slovenian buyers in general, so they
expect it to be clearly marked on the product, with a clearly defined country of origin
(e.g., Slovenia, Austria, etc. and not only as EU origin). Over 80% of customers most
trusted in organic products from Slovenia, followed by organic products of Austrian
and German origin. Slovenian organic food buyers least trust organic products from
Israel and Turkey. They believe that by buying Slovenian food they support Slovenian
farmers and contribute to the development of the local food market, to protect the
environment, and to the maintenance of cultural landscape and vital countryside.

Buyers of organic food are most attracted to the Slovenian origin, the label “Chosen
quality of Slovenia” and the specific indication of the farm where the food comes
from. Attractive are also some special offers and lower prices. The highest share of
the purchase decision explains the product origin (63%) and the price is slightly more
important than the production method. Interesting finding of survey is that Slovenian
consumers are ready to pay also 80% higher price for food of Slovenian origin as for
comparable foods from abroad. They are even ready to pay more for conventional food
with Slovenian origin as for certified organic food from Austria or Italy [48, 49].

7. Conclusions
In terms of the preservation of agricultural production in the entire territory

of Slovenia, the preservation of rural settlements and biodiversity, to which the
appropriate farming method contributes, areas with limited factors for farming are
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very important, not just flatlands with the best conditions for agricultural produc-
tion. In these areas, the promotion of sustainable ways of farming, such as organic
farming, is very important and should be supported by appropriate agricultural
policy measures and support payments in the future. Data on the volume of organic
farming show that the number of farms and the volume of agricultural land in
organic production are growing too slowly, especially the share of arable land and
permanent crops. The target set by the 2015 organic farming action plan was not
achieved. Several farms have also withdrawn from organic farming due to some
reductions in payments.

Data on available quantities of Slovenian organic food and consumer needs
indicate that demand for this type of food is much higher than supply. Slovenian
organic producers can provide only about 20% of the demanded quantities for
organic products. The market supply of organic products from Slovenia can,
therefore, and should be increased. Direct support to organic producers, support for
adaptation and investment for organic farms, farm modernization, greater integra-
tion of producers for joint market entry, and more research and knowledge transfer,
can contribute to increase the supply of organic products.

The resolution “Our Food, Rural Areas and Natural Resources after 2021” [50],
which represents a strategic framework for the development of Slovenian agricul-
ture, food processing, and rural areas, gives organic farming and areas with natural
handicaps for agriculture notable attention, which should be followed by agricul-
tural policy measures in the new programming period beyond 2020.

To increase the share of organic farms in Slovenia, as well as in other countries, it
is important to know the reasons, objectives, and motives that influence the deci-
sion to convert to organic farming. When preparing some effective support policies,
it is important to take into account the findings of different studies. General find-
ings are that financial motives are very important to attract potential converters.
However, many other factors as well influence farmers’ decisions. However, if farm-
ers are only economically motivated for conversion, short-term benefits through
policy payments may go out of the scheme as soon as economic conditions are not so
favorable anymore. That has happened in Slovenia as well.

Natural conditions for agriculture, farm and farmer’s characteristics, demand
for organic products among consumers, yield loss, price premiums, market prices,
consumers’ purchasing power, and other factors that influence the decision about
farming system must be well understood. As conversion is a strategic decision of
farmer and his/her family, it is necessary that support policies are long-term ori-
ented and provide the conditions for the success of the farm business. Adoption of
organic farming is not only economically motivated but also different noneconomic
factors were found as important. The probability of conversion to organic farming
is influenced also by the farmers’ attitudes to the environment, food quality and
health, lifestyle, and other ideals. This should also be taken into account when
promoting organic farming and encouraging farmers to convert.

Decision for organic farming in areas with natural handicaps or restrictions
seems appropriate, especially on farms where grassland predominates. The readi-
ness for conversion increases if the level of payments for organic farming also
increases and there are already successful organic farms in the area [51]. Farms can
improve the economics of farming through higher direct and rural development
payments for organic farming and the implementation of agri-environment-climate
measures. Another possibility is linking organic farming with tourism or processing
of products on the farm and sold them direct on the farm or in the local environ-
ment to local people, visitors of tourist farms, and local institutions (schools,
kindergartens, hospitals, etc.). Indeed, ensuring the environmental and social
role of organic farming is only possible if farming is economic at the same time.
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We can agree with Meemken and Qaim [8] that “organic farming is not paradigm
for sustainable agriculture and food security, but smart combinations of organic
(especially in less favored, water protection, and protected areas) and improved

conventional methods could contribute toward sustainable productivity increases
in global agriculture”
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Organic Farming Practices among
Livestock and Fish Farmers in
Southern Nigeria

Charity N. Atoma, Olufemi M. Adesope and Linda C. Familusi

Abstract

To provide solutions to the issues of climate change, food insecurities, environ-
mental degradation, food safety and sustainability in production, organic farming
was developed as opposed to the conventional method of farming which involved
the use of synthetic fertilizers and other agro-chemicals. The objectives of the study
was to determine the level of awareness of organic farming practices and to deter-
mine the use and level of use of organic farming practices among livestock and fish
farmers in the study area. Multistage sampling techniques were employed. Primary
data was collected through structured questionnaire. Sample size comprised of
115 fish farmers and 99 livestock farmers which made a total of 214 rural farmers.
Results showed that fish farmers were more aware of organic farming practices rela-
tive to livestock farmers. Also, fish farmers used more of organic farming methods
for fishing activities than livestock farmers. However, the level of awareness and
level of use of organic farming practices was low for both farmers. Therefore, it was
recommended that extension campaign on organic farming sensitization should be
increased.

Keywords: organic agriculture, awareness, use level

1. Introduction

Agriculture is the mainstay of the Nigerian economy. Agriculture in its nature
is multifunctional. This multi-functionality nature relates to food production,
security and safety, environment and landscape, water management and social
and economic focus [1]. Agriculture has the capability to feed its population,
serve as a source of revenue to the nation, provide employment and employment
opportunities and serve as source of raw materials to agro-allied industries [2]. In
recent times however, these functions could not be met given that food production
in the nation could no longer meet up with the rapid population growth and thus
reduction in exports [2]. In order to address the issues of insufficient food supply
to meet the need of the nation’s ever growing population, the use of agro-chemicals
was adopted. This led to an increase in crop and animal production through the use
of synthetic fertilizers and other agro-chemicals. Nevertheless, a number of side
effects from the use of synthetic fertilizers and other agro-chemicals have been
recorded and hence has led to the development of organic farming.
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Inorganic fertilizers usually cause water pollution due to the leaching and
washing away of such agro-chemicals by erosion in rivers [3]. It argued that
most inorganic fertilizers and chemicals used in agriculture are manufactured
using non-renewable resources such as fossil fuel which usually contributes to
pollution and environmental degradation and hence unsustainable agricultural
production [4]. Organic farming is a multifunctional system with benefits which
cuts across economic, environmental and social functions. The multifunctional
benefits of organic farming includes its contributions to the improvement of
livelihoods, food security, resilience to climate change, increase in yields in a
long run bases, reducing financial risks, creating market opportunities, improv-
ing health and the environment, combating desertification among other numer-
ous benefits [5].

Organic farming represents a deliberate attempt to make the best use of local
natural resources and is an environmental friendly system of farming. Organic
farming is a production system that excludes the use of synthetically manufac-
tured chemicals like fertilizers, pesticides, growth enhancers/regulators, food
additives, fungicides and herbicides [6-8]. Organic farming practices include
crop rotation, biological pest control, crop residues, cover crop, legumes, organic
fertilizers, animal manures and green manures among others [9]. Organic farming
technology is frequently regarded as the solution to environmental problems that
are related to agriculture as well as food safety [10]. It usually has “zero impact on
the environment” [4, 9, 11].

Organic farming practices has been shown to 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 qual-
ity [12, 13]. In addition to other benefits especially as it relates to health and food
safety, organic farming has shown to be safer and healthy [14, 15]. It also results to
increased levels of flavonoids' when used for the production of fruits and vegetables
[14] and protects against cancer and other age related diseases to a lesser extent
[16]. Organic farming increases insect pollination and overall specie richness [17].
The major goal of organic farming activities is a sustainable production of food
with little or no effect on the environment. This goal and many others have not been
achieved by conventional farming hence the need to encourage organic farming
which is capable of providing solutions to the current environmental challenges like
the climate change and environmental hazards and also help to achieve maximal
production of quality food sustainably [18]. Food and Agriculture Organization
clearly states that organic agriculture promotes ecological resilience, improves bio-
diversity, healthy management of farm and surrounding environment and building
community knowledge and strength [19].

Keynote address emphasized that in Nigeria and many developing countries,
organic agriculture is just developing [15]. As at the ending of 2016, report showed
that Africa as a whole contributes to only 3% (i.e., 1.8 million hectares) of the total
organic farmlands of the world [20, 21]. This contribution is mostly accounted
for from East African countries with little or nothing from Nigeria. These points
to the need to fast track organic farming development in Nigeria. Hence, the
International Federation of Organic Agriculture Movement (IFOAM) and their
members were charged with the responsibilities of developing organic farming in
Nigeria during the second national conference on organic agriculture which held
in Nigeria [5]. However, literatures argued that the yield from organic agriculture
is lower than the yield from the conventional methods [22]. This may be the case

! Flavonoids helps to protect against cardiovascular disease
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but notwithstanding, the net farm income of organic farmers was reported more
profitable than that of conventional farmers [23]. Part of the (better) profits from
certified OA resulted from the premium paid by contracting companies. The rev-
enue generated from organic farming is higher than that of conventional methods
because of the higher product prices generated from it [9].

Thus, the general objectives of the study are to ascertain the household level of
awareness and use of organic farming practices in South-South Nigeria. Specifically,
the study determined the level of awareness of organic farming practices among
livestock and fish farmers, identified the use of organic farming practices among
livestock and fish farmers and determined the level of use of organic farming
practices among livestock and fish farmers in the study area.

2. Methodology

The area of study is South-South Nigeria which comprises six (6) states namely:
Delta, Bayelsa, Edo, Rivers, Cross River and Akwa Ibom as shown in Figure 1.

The study population comprises of rural households engaged in livestock
and fish farmers. Multistage random selection technique was employed.
The first stage was the random selection of three states—Bayelsa, Delta and
Akwa-Ibom. The study population is the livestock and fish farmers in Bayelsa,
Delta and Akwa-Ibom. Delta state is divided into three agricultural zones—
Delta North, Delta South and Delta Central out of which Delta central was
selected. Bayelsa state is also classified into three agricultural zones—Brass,
Yenagoa and Sagbama out of which brass zone was sampled. Akwa-Ibom is
divided into six agricultural zones—Abak, Eket, Etinan, Ikot Ekpene, Oron
and Uyo zones. Two zones Uyo and Ikot Ekpene were samples. A total of 99
livestock farmers and 115 fish farmers were sampled. The lists of farmers were
gotten from the zonal managers in charge of each zone. Primary data were
collected through the use of a questionnaire and interview schedule. Data
obtained were analyzed using descriptive statistics as mean and percentages.
Four point Likert scale was used to measure the response of famers in terms
of their awareness level of organic agriculture and their use and use level of
organic farming practices.

Rlvemo—  AKWA [BOM

Figure 1.
Map of South-South region of Nigeria. Source: [26].
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3. Results and discussions

Table 1 shows the result for the level of awareness of organic farming practices
among livestock farmers. The mean and percentages of the response were clearly shown.

Organic Farming Practices Notat Low Moderate High Mean Decision

for livestock all

Adequate land holding 33 40 14 (14.1) 12 2.05 Not aware
(33.3) (40.4) (121)

Farm diversification 44 29 25 (25.5) 1 1.82 Not aware
(44.4) (29.3) (1.0)

Free movement of animals/ 61 6 (6.1) 25 (25.3) 7 (71) 177 Not aware

Provision of fresh air and (61.6)

natural day light

Protection against adverse 57 2(2.0) 30 (30.3) 10 1.92 Not aware

weather condition (57.6) (10.1)

Resting areas 57 16 13 (13.1) 13 1.81 Not aware
(576) (16.2) (13.1)

Clean and dry beddings 55 3(3.0) 29 (29.3) 15 2.09 Not aware
(55.6) (15.2)

Enough space for exercise 52 3(3.0) 29 (29.3) 15 2.07 Not aware
(52.5) (15.2)

Access to fresh drinking 12 1(1.0) 59 (59.6) 27 3.02 Aware

water by livestock (12.1) (27.3)

Allowing livestock to 29 11 40 (40.1) 19 2.50 Aware

express natural behaviour (29.3) (11.1) (19.2)

Use of local breed 59 2(2.0) 26 (26.3) 12 1.90 Not aware
(59.6) (12.1)

Natural reproduction 53 11 20 (20.2) 15 1.96 Not aware

technique (53.6) (11.1) (15.2)

Produce without genetic 51 25 15 (15.2) 8(8.1) 1.79 Not aware

engineering , ionising (51.5) (25.3)

radiation or sewage sludge

Adequate feeding 16 64 0 (0.0) 19 2.86 Aware
(16.2) (64.6) (19.2)

Animal feeding is 100% 32 3(3.0) 24 (24.2) 40 2.72 Aware

organic (32.3) (40.4)

Prompt treatment of sick 27 10 51 (51.5) 11 1.74 Not aware

animals (27.3) (10.1) (11.1)

Manage animals without 74 10 7 (71) 8(8.1) 148 Not aware

antibiotics (74.7) (10.1)

Traditional/natural 62 11 15 (15.2) 11 1.74 Not aware

treatment of sick animals (62.6) (11.1) (11.1)

Vaccinate only during 69 16 8(8.1) 6 (6.1) 1.50 Not aware

disease outbreak (69.7) (16.2)

Manage without added 45 29 15 (15.2) 10 1.89 Not aware

growth hormones (45.5) (29.3) (10.1)

Accurate record keeping 33 1(1.0) 40 (40.4) 25 2.57 Aware
(33.3) (25.3)

Table 1.
Distribution of livestock farmers by level of awareness of organic farming practice.
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Table 1 showed that farmers were adequately aware of allowing livestock access
to fresh drinking water (¥ = 3.02), adequate feeding (¥ = 2.86), animal feeding of
100% organic (¥ = 2.72) and accurate record keeping (% = 2.57). The four practices
above had mean scores above the discriminating index. The other practices were
below the discriminating index of 2.50. The grand mean on the level of adoption for
livestock farmers was 2.06. This shows that farmer’s level of awareness of organic
farming practices for livestock production is low. This is in-line with [24]. They
implied that low awareness of organic agriculture was as a result of low coverage.
Therefore, this study suggested that the low farmer’s awareness could be as a result
of poor extension campaign in organic livestock practices.

Table 2 shows the level of awareness of organic farming practices among fish
farmers in the study area. The mean and percentages of the response were clearly
shown.

Table 2 revealed that farmers were aware of such organic farming practices
as eco-friendly design (& = 2.91), high quality water source (¥ = 2.90), pond

Organic Farming Practices Notat Low Moderate High Mean Decision
all

Eco-friendly design 22 4 (3.5) 51 (44.3) 38 291 Aware
(19.1) (33.0)

Manage without growth 31 3(26) 61 (53.0) 20 2.60 Aware

Hormone (27.0) (174)

Antibiotics is only used 65 2(17) 19 (16.5) 29 2.10 Not Aware

in clinical cases where no (56.5) (25.2)

other treatment would

work

Cultivate without genetic 44 5(4.3) 21 (18.3) 45 2.58 Aware

engineering. (38.3) (39.1)

Site is far from polluting 63 4 (3.5) 20 (174) 28 211 Not Aware

substances (54.8) (24.3)

High quality water source 31 1 31 (27.0) 52 2.90 Aware

(stream, river) (27.0) (0.9) (45.2)

Organic fertilizer 54 4(3.5) 20 (174) 31 2.24 Not Aware
(47.0) (27.0)

Low stock density 10kg/m 39 6(5.2) 47 (40.9) 23 2.46 Not Aware
(39.9) (20.0)

Manage without synthetic 40 15 44 (38.3) 16 231 Not Aware

appetizer and colouring (34.8) (13.0) (13.9)

Polyculture 70 13 18 (15.7) 14 1.79 Not Aware
(60.9) (11.3) (12.2)

Proper record keeping 65 3(2.6) 18 (15.7) 29 2.09 Not Aware
(56.5) (25.2)

Pond protection from 13 2(1.7) 36 (31.3) 64 331 Aware

predators (11.3) (55.7)

Use of resistant species 29 1 34 (296) 51 2.95 Aware
(25.2) 0.9 (44.3)

Natural treatment 43 8 (7.0) 11 (9.6) 53 2.64 Aware

(homeopathy) (374) (46.1)

Source: Field survey, 2015

Table 2.
Distribution of fish farmers by level of awareness of organic farming practices.
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Organic farming practices Use % Non %
use

Organic Farming Practices for livestock

Adequate land holding 44 44.5 55 55.5
Farm diversification 39 394 60 60.5
Free movement of animals 50 50.5 49 49.5

Provision of fresh air and natural day light

Protection against adverse weather condition 29 29.9 70 701
Resting areas 25 25.3 74 74.7
Clean and dry beddings 41 414 58 58.6
Enough space for exercise 46 46.6 53 534
Access to Fresh drinking water 75 758 24 24.2
Allowing livestock to Express natural behaviour 63 63.6 36 36.4
Use of local breed 49 49.5 50 50.5
Natural reproduction technique 57 576 42 424
Produce without genetic engineering , ionizing radiation or 40 404 59 59.6

sewage sludge

Adequate feeding 73 73.3 26 26.3
Animal feeding is 100% organic 52 52.5 47 475
Prompt treatment of sick animals 60 60.6 39 394
Manage animals without antibiotics 21 21.2 78 78.8
Traditional/natural treatment of sick animals 36 364 63 63.6
Vaccinate only during disease outbreak 23 232 76 76.8
Manage without added growth hormones 31 313 68 68.7
Accurate record keeping. 54 54.5 45 455
Table 3.

Distribution of livestock farmers by use of organic farming practices.

protection from predators (X = 3.36), use of resistant species (¥ = 2.95, natural
treatment (¥ = 2.64), cultivation without genetic engineering (X = 2.58) and man-
agement without growth hormones (¥ = 2.60). Other practices were below mean
score of (& =2.50). The grand mean was 2.49. This implies a moderate awareness
level which could be as a result of organic fish farming practices being in line with
the traditional method of fish farming.

Table 3 shows the use of organic farming practices by livestock farmers in the
study area.

According to Table 3, organic farming practices commonly used by livestock
farmers includes fresh drinking water (76%), adequate feeding (73%), allowing
livestock to express natural behavior (64%), prompt treatment of sick animals
(61%), natural reproduction technique (58%), accurate record keeping (55%),
animal feed is 100% organic (53%), free movement of animals/provision of fresh
air and natural day light (51%) and use of local breed (50%). Out of 20 organic
livestock practices, only 9 were above average and this is not up to 50% rating. This
is not surprising since most livestock farmers are yet to be abreast with what organic
livestock entails hence the low awareness level.

Table 4 shows the result for the use of organic farming practices by fish farmers
in the study area.
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Organic Farming Practices Use % Non %
use
Eco-friendly design 91 791 24 209
Manage without growth Hormone 84 73.0 31 27.0
Antibiotics is only used in clinical cases where no other treatment 70 60.9 45 391
would work
Cultivate without genetic engineering. 64 55.7 51 443
Site is far from polluting substances 87 757 28 24.3
High quality water source (stream, river) 63 54.8 52 45.2
Organic fertilizer 56 48.7 59 51.3
Low stock density 10k/m 35 304 80 69.6
Manage without synthetic appetizer and colouring 46 40.0 69 60.0
Poly-culture 59 51.3 56 487
Proper record keeping 53 46.1 62 53.9
Pond protection from predators 93 80.9 22 191
Use of resistant species 80 69.6 35 304
Natural treatment (homeopathy) 65 66.5 50 435
Table 4.

Distribution of fish farmers by use of organic farming practices.

The use of organic farming practices among fish farmers varied slightly in
percentages as shown in Table 4. However, the commonly used organic farming
practices includes pond protection from predators (81%), eco-friendly design
(79%), site protection far from polluting substances (76%), manage without
growth hormones (73%), use of resistant varieties had (70%), natural treatment
(67%), antibiotics is used in clinical cases where no other treatment would
work (61%), cultivated without genetic engineering (56%), high quality water
source (55%) and poly-culture (51%). The use of organic farming practices by fish
farmers was relatively high compared to organic farming practices by livestock farm-
ers. This could be attributed to the fact that most of the organic practices are in line
with the traditional practices of the people.

Table 5 shows the result for the level of use of organic farming practices among
livestock farmers.

From Table 5, organic livestock production practices’ in South-South Nigeria
is low (grand mean = 1.93) as only 2 (10%) out of 20 outlined practices had mean
score of 2.50 (discriminating index) and above. That is access to fresh drinking
water (mean score = 2.77) and adequate feeding (mean score = 2.65). This result
implied that the level of use is rare.

Table 6 shows the level of use of organic farming practices among fish farmers
in the study area.

The results from Table 6 revealed that out of the fourteen (14) practices out-
lined, fish farmers regularly engaged in the use of three of such practices which are
the use of eco-friendly design (x = 2.56), site being far from polluting substances
(¥ =2.57) and pond protection from predators (¥ = 2.70). From the result, the
others were considered not being used. The grand mean of 1.99 indicates that the
level of use of organic farming practices by fish farmers in the study area is low.

This could be associated with some challenges or difficulties in carrying out such
practices and lack of awareness of the dangers associated with the conventional
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Organic Farming Never Rarely Regularly Very Mean Decision

Practices for livestock regularly

Adequate land holding 55 9(91) 25(25.3) 10 (10.1) 1.89 NU
(55.5)

Farm diversification 60 9(91) 20 (20.2) 10 (10.1) 179 NU
(60.5)

Free movement of 49 16 34 (34.3) 0 (0.00) 184 NU

animals/Provision of (49.5) (16.2)

fresh air and natural

day light

Protection against 70 1(1.0) 28 (28.3) 0 (0.00) 1.57 NU

adverse weather (70.1)

condition

Resting areas 74 5(5.1) 20 (20.2) 0 (0.00) 145 NU
(74.7)

Clean and dry beddings 58 1(1.0) 39 (394) 1(1.0) 1.83 NU
(58.6)

Enough space for 53 15 20 (20.2) 11 (11.1) 1.89 NU

exercise (534) (15.2)

Access to fresh drinking 24 1(1.0) 48 (48.5) 26 (26.3) 277 U

water (24.2)

Allowing livestock 36 3(3.0) 57 (57.6) 3(3.0) 227 NU

to Express natural (36.4)

behaviour

Use of local breed 50 1(1.0) 37 (374) 11 (11.1) 2.09 NU
(50.5)

Natural reproduction 42 1(1.0) 46 (46.5) 10 (10.1) 224 NU

technique (42.4)

Produce without 59 4 (4.0) 32 (32.3) 4 (4.0) 1.81 NU

genetic engineering , (59.6)

ionizing radiation or
sewage sludge

Adequate feeding 26 1(1.0) 54 (54.5) 18 (18.2) 2.65 U
(26.3)

Animal feeding is 100% 47 3(3.0) 34 (34.3) 15 (15.2 217 NU

organic (47.5)

Prompt treatment of 39 1(1.0) 57 (576) 2 (2.0) 222 NU

sick animals (394)

Manage animals 78 3(3.0) 17 (17.2) 1(1.0) 1.40 NU

without antibiotics (78.8)

Traditional/natural 63 8(8.1) 27 (27.3) 1(1.0) 1.65 NU

treatment of sick (63.6)

animals

Vaccinate only during 76 11 11 (11.1) 1(1.0) 1.36 NU

disease outbreak (76.8) (11.1)

Manage without added 68 2 (2.0) 29 (29.3) 0 (0.00) 1.60 NU

growth hormones (68.7)

Accurate record 45 3(3.0) 50 (50.5) 1(1.0) 2.07 NU

keeping (45.5)

Source: Field survey, 2015

Table 5.
Distribution of livestock farmers by level of use of ovganic practices.
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Organic Farming Never Rarely Regularly Very. Mean Decision

Practices regularly

Eco-friendly design 24 6(5.2) 81 (70.4) 4 (3.5) 2.56 U
(20.9)

Manage without growth 31 5(4.3) 79 (68.7) 0(0.0) 241 NU

hormone (27.0)

Antibiotics is only used 45 29 40 (34.8) 1(0.9) 1.97 NU

in clinical cases where no (39.1) (25.2)

other treatment would

work

Cultivate without genetic 51 7(6.1) 38 (33.0) 19 (16.5) 221 NU

engineering. (44.3)

Site is far from polluting 28 9 (7.8) 62 (53.9) 16 (13.9) 2.57 U

substances (24.3)

High quality water source 52 2(17) 53 (46.1) 8 (7.0) 214 NU

(stream, river, (45.2)

Organic fertilizer 59 11 43 (374) 2(1.7) 1.89 NU
(51.3) (9.6)

Low stock density 10k/m 80 2(1.7) 29 (25.2) 4(3.5) 1.62 NU
(69.6)

Manage without synthetic 69 1(0.9) 30 (26.1) 15 (13.0) 1.92 NU

appetizer and colouring (60.0)

Polyculture 56 7(61) 50 (43.5) 2(17) 198 NU
(48.7)

Proper record keeping 62 1(0.9) 44 (38.3) 8 (7.0) 1.98 NU
(53.9)

Pond protection from 2 1(0.9) 81 (70.4) 11 (9.6) 2.70 U

predators (19.1)

Use of resistant species 35 3(26) 69 (60.0) 8 (7.0) 243 NU
(30.4)

Natural treatment 50 35 26 (22.6) 4 (3.5) 1.86 NU

(homeopathy) (43.5) (30.4)

Table 6.

Distribution of fish farmers by level of use of ovganic farming practices.

practices. This does not augur well for the quest for healthy living. There was a posi-
tive relationship between knowledge of agricultural practice and innovativeness of
farmers [25]. Thus the need to improved awareness of such practices to farmers.

4, Conclusion
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The study concludes that the level of awareness of farmers to organic farm-

ing practices is low. However, fish farmers are better aware of such practices than
livestock farmers. The justification between these major differences in the level of
awareness of organic practices in farming activities could reflect on the livelihood
of the southern communities in Nigeria. It is known that the major occupation is
fishing. Therefore, it is only normal to be better aware of existing and improved
techniques to improve fish farming other than the livestock counterpart. The study
recommends that in the campaign for increased awareness of organic agriculture,
special attention should be taken to create awareness to farmers on how organic
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farming practices can be applied for livestock production as well since this sector
had shown a lower level of awareness.

Conclusion is also drawn on the use of organic farming practices among farm-
ers. The use of organic farming practices is higher for fish farmers relative to
livestock farmers. The rationale to this difference is drawn from the observation
that some of the indigenous knowledge and traditional practices of fish farmers
were similar to identified organic practices. However for livestock farmers, the
opposite was observed and thus the low use of organic practices for production. It
is recommended that extension personnel should educate farmers on the adoption
of organic farming methods in production with special interest on livestock farm-
ers. This is believed to contribute to the improvement in the use of organic farming
methods for fish and livestock production. Particularly, livestock farmers should be
educated on the use of such practices as: no antibiotics used, vaccination only dur-
ing disease outbreak, protection of animals from adverse weather conditions and
farm diversification. Likewise, fish fishers should be educated on such practices as:
low stock density, no synthetic appetizer and coloring, proper record keeping and
use of organic fertilizers.

In spite of the observation that fish farmers used more of organic farming meth-
ods relative to livestock farmers, the level of use of organic farming practices among
both groups of farmers is low, despite the importance drawn from using organic
methods for agricultural production. This draws to the need for increased extension
campaign to sensitize farmers and sustain the interest in organic agriculture. It is also
recommended that policymakers should create more windows of opportunities and
incentives as well as the enabling environment to encourage more farmers to partici-
pate in organic farm production. This is believed to contribute to the increase in the
level of awareness, use and practices of organic agriculture in South-South Nigeria.
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Chapter 8

Insect Pest Management in
Organic Farming System

Hamadttu Abdel Farag El-Shafie

Abstract

Due to the regulations of organic farming, few options remain for organic farm-
ers to manage pests and diseases in their crops compared to conventional farming.
However, major pests could still be managed through manipulation of the agroeco-
system processes in advantage of the crops and disadvantage of pests. The limited
number of active plant protection substances authorized for use in organic farming
can provide support to natural and biological control agents in suppression of pests
and diseases. This chapter highlights the principles and strategies of crop protection
in organic farming, the cultural practices adopted, the active substances allowed for
use to suppress pests, and the impacts on faunal and floral biodiversity. A case study
of organic date palm cultivation is discussed.

Keywords: organic farming, holistic approach, biopesticides, pest management

1. Introduction

Organic agriculture is a holistic production system that sustains the health of
soils, ecosystems, and people. It relies on ecological processes, biodiversity, and
cycles adapted to local conditions 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 [1]. Holistic means near-closed nutrient and energy cycle system consider-
ing the whole farm as one organism [2]. Organic agriculture relies on a number of
farming practices based on ecological cycles and aims at minimizing the environ-
mental impact of the food industry, preserving the long-term sustainability of soil
and reducing to a minimum use of nonrenewable resources [3]. Organic agriculture
is both a philosophy and a system of farming aiming to produce food that is nutri-
tious and uncontaminated with substances that could harm human health [4].
Organic farming benefits to the ecosystem include conservation of soil fertility,
carbon dioxide storage, fossil fuel reduction, preserving landscape, and preserva-
tion of biodiversity [3].

Pest management in organic farming is achieved by using appropriate crop-
ping techniques, biological control, and natural pesticides (mainly extracted
from plant or animal origins). Weed control, the main problem for organic
growers, can be managed through cultural practices including mechanic cultiva-
tion, mulching, and flaming. Organic farming is characterized by higher diversity
of arthropod fauna and conservation of natural enemies than conventional
agriculture [3, 5].
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According to the IFOAM [1], organic agriculture is guided by four principles:
health (soil, plant, animal, and human), ecology (living ecological systems and
cycles), fairness (environment and life opportunities), and care (protect the health
and well-being of current and future generations as well as the environment).

The US Congress passed the organic food product act in 1990, while the European
Union (EU) set up the first regulations on organic farming in 1991, and in the same
year, the Codex Alimentarius Commission officially recognized organic agriculture.
Gomiero et al. [3] gave more details on history of organic farming, total global
areas, organic standards, and impact on the environment. The chapter deals with
pest management in organic farming system with an example of organic date
production as case study.

2. Principles and strategies of crop protection in organic farming system

Pest management in organic farming is a holistic (whole-farm) approach that
largely depends on the ecological processes and biodiversity in the agroecosystem.
Accordingly, most IPM tactics, principles, and components match with organic
farming systems [6]. The goal of this strategy is to prevent pests from reaching
economically damaging levels without causing risk to the environment. Successful
IPM programs in organic farming may have the following components: (1) moni-
toring crops for pests, (2) accurately identifying pests, (3) developing economic
thresholds, (4) implementing integrated pest control tactics, and (5) record keep-
ing and evaluation.

The factors that render crop habitat unsuitable for pests and diseases include
limitation of resources, competition, parasitism, and predation [7]. These fac-
tors play an important role in maintaining equilibrium of the agroecosystem and
suppression of harmful pests. Faunal and floral diversities play a substantial role in
pest and disease management in organic farming system [8, 9]. The four principles
of pest management in organic farming system, namely, prevention, avoidance,
monitoring, and suppression, will be discussed in this chapter with special refer-
ence to date palm as case study.

3. Differences between organic and conventional farming with respect
to plant protection

Few options of plant protection substances are available for certified organic
growers compared to conventional ones. Thus, they should capitalize on the natural
processes and management of the ecosystem to control harmful organisms. Organic
farms had a more diverse arthropod fauna, on average, than conventional farms. The
average for five 30-second vacuum samples per farm was approximately 40 arthro-
pod species in conventional tomato compared to 66 species in organic tomato fields.
Additionally, natural enemies (parasitoids plus predators) were more abundant on
organic farms [10]. Arthropod biodiversity, as measured by species richness, was, on
average, one-third greater on organic farms than on conventional farms [10].

Under organic farming systems, the fundamental components and natural pro-
cesses of ecosystems, such as soil organism activities, nutrient cycling, and species
distribution and competition, are used directly and indirectly as farm management
tools to prevent pest populations from reaching economically damaging levels. Soil
fertility and crop nutrients are managed through tillage and cultivation practices,
crop rotations, and cover crops and supplemented with manure, composts, crop
waste material, and other allowed substances.
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Organic farming (OF)

Conventional farming (CF)

Synthetic fertilizers and synthetic pesticides are not
permitted

Synthetic fertilizers and synthetic pesticides
are allowed

Genetically modified organisms (GMOs) are not
allowed

GMOs can be used

Soils have higher water holding capacity than CF

Soils have less water holding capacity than OF

OF has larger floral and faunal biodiversity than CF
(complex crop pattern)

CF has smaller biodiversity than OF (simple
crop pattern)

The agricultural landscape is characterized by
heterogeneity (multicultural system)

The agricultural landscape is characterized by
homogeneity (monocultural system)

Minimizing the use of nonrenewable resources by
recycling plant and animal waste into the soils (on-farm
inputs)

Depends largely on nonrenewable resources
(off-farm inputs)

OF is more sustainable than CF

CF is less sustainable compared to OF

Strictly regulated by international and national
institutional bodies such as Codex Alimentarius and
IFOAM

Not strictly regulated

Crop protection depends mainly on natural processes
such as soil fertility, crop cycle, and biodiversity (more
preventive)

Crop protection relies mainly on human
intervention with synthetic chemicals (more
curative)

Table 1.
Fundamental differences between organic and conventional farming.

Soil-borne and root pathogens are usually found in low levels in organic farm-
ing as compared to conventional farming [11]. Pathogens such as Pythium spp.,
Sclerotium volfsii, Phytophthora spp., and some Fusarium can survive on organic mat-
ter of the soil, in the absence of their hosts for long periods, and are thus difficult
to be controlled with crop rotation. Additionally, airborne pathogens cannot be con-
trolled with cultural practice such as crop rotation [12]. Powdery mildew and rust
diseases (airborne) and insect pests such as aphids and whiteflies (sucking insects)
are less serious in organic farming than in conventional farming due to lower
nitrogen concentrations in foliar tissues or phloem of plants in the former compared
with the latter [11]. Almost all pesticides available for organic farming have short
residual effects and work through direct contact mode of action as compared to the
persistent systemic pesticides used in conventional farming. Table 1 gives the main
differences between organic and conventional farming with respect to soil fertility,
biodiversity, and other criteria.

4. Crop protection practices in organic farming

Practices and tactics used in organic farming are based on the three management
strategies, which include prevention, monitoring, and suppression. These practices
will be intensively discussed in the following paragraphs:
4.1 Identification and monitoring of crop pests

Crop pests include insects, weed, plant pathogens, invertebrate, and vertebrate
animals. Identification of insect pests and their natural enemies is an important step

in any pest management program. Insect pests and natural enemies could be identi-
fied using keys and field guides or otherwise consulting an official identification
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bodies. Unlike insect pests, plant pathogens including fungi, bacteria, virus, and
nematodes are difficult to identify in the field and may need laboratory diagnosis.
However, signs of insect damage and symptoms of plant diseases may be easily dis-
tinguished in the field. Weeds could be easily identified using key and field guides.
Monitoring is the regular inspection or scouting of field crops for pests, includ-
ing insects, pathogens, nematodes, and weeds, to determine their abundance and
level of damage. It serves as an early warning system for the presence of pests
and diseases providing information for decision-making regarding management
action and evaluation of control methods. Insect pests can be monitored through
visual observation, pheromone and light traps, sticky traps, water traps, yellow
traps, sweep nets, beating trays, and pitfall traps. Scouting data are used to develop
economic thresholds, a useful decision-making tool to start control action when a
pest population reaches or exceeds the specified economic threshold.

4.2 Tactics used for pest prevention and suppression in organic farming

A successful integrated pest management (IPM) program in organic farming
incorporates a variety of pest management tactics such as cultural, mechanical/
physical, biological, and biopesticide (allowed for organic use) tactics individually
or in combination. Each control tactic, discussed below, employs a different set of
mechanisms for preventing and suppressing pest populations.

4.2.1 Cultural pest control

The goal of cultural control is to alter the environment, the condition of the
host, or the behavior of the pest to prevent or suppress an infestation. It disrupts
the normal relationship between the pest and the host and makes the pest less likely
to survive, grow, or reproduce [13]. In agricultural crops, crop rotation, selection
of crop plant varieties, timing of planting and harvesting, irrigation management,
crop rotation, and use of trap crops help reduce populations of weeds, microorgan-
isms, insects, mites, and other pests. These cultural practices are more preventive
than curative and thus may require planning in advance [13-15]. The diversified
habitat provides these parasites and predators with alternative food sources, shelter,
and breeding sites [16]. Tillage can cause destruction of the insect or its overwinter-
ing chamber, removal of the protective cover, elimination of food plants, and dis-
ruption of the insect life cycle generally killing many of the insects through direct
contact, starvation or exposure to predators, and weather [13]. The use of trap strip
crops can control insect damage at the field edges and at the same time avail refuge
and food for beneficial insects. Insect resistance is an important component of pest
and disease management. Quality-based resistance can be induced in plants through
management of nutrients and irrigation. Intercropping and biodiversity play an
important role in pest management in organic farming [13].

4.2.2 Mechanical and physical pest control

One of the simplest methods of physical or mechanical pest control is handpicking
insects or hand-pulling weeds. This method works best in those situations where the
pests are visible and easily accessible [17]. Physical or mechanical disruption of pests
also includes such methods as mowing, hoeing, flaming, soil solarization, tilling or
cultivation, and washing [17]. Animals such as kangaroos cause damage by eating yel-
low dates; hence, fruit bunches are covered to protect them from such damage [18].

Devices that can be used to exclude insect pests from reaching crops in organic
farming include, but not limited to, row covers, protective nets with varying mesh
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size according to the pest in question, and sticky paper collars that prevent crawling
insects from climbing the trunks of trees. Water pressure sprays can be employed

to dislodge insect pests such as aphids and mites from the plant surface. Insect
vacuums, on the other hand, could be used to remove insects from plant surface and
collect them into a collection box.

4.2.3 Biological pest control

Biological methods are the use of beneficial organisms that can be used in the
field to reduce insect pest populations. Biological control is grouped into three cat-
egories: importation or classical biological control, which introduces pest’s natural
enemies to the locations where they do not occur naturally, augmentation involves
the supplemental release of natural enemies, boosting the naturally occurring
population, and conservation, which involves the conservation of existing natural
enemies in the environment [19]. The role of beneficial species on pests is of rela-
tively greater importance in organic agriculture than in conventional agriculture,
because organic growers do not have recourse to highly potent insecticides (such as
synthetic pyrethroids) with which to tackle major pest problems [13].

4.2.4 Biopesticide control

Biopesticides are characterized by having minimal or no risk to the environ-
ment, natural enemies, and nontarget organisms due to their mode of action, rapid
degradation, and the small amounts applied to control pests. They are slow acting,
have a relatively critical application times, and suppress rather than eliminate a pest
population [20]. Biopesticides have limited field persistence and shorter shelf life
and present no residue problems. Thus, they are approved for pest management in
organic crops.

5. Plant protection products (PPPs) authorized in organic farming

The crop protection in organic farming is holistic, and, hence, it is extremely
difficult to separate inputs as plant nutrients (fertilizers) and plant protectants
(pesticides) [6]. Plant protection products authorized for use in organic farming
differ among countries depending on the differences in crops, pests, and crop-
ping systems, as well as regulations and standards adopted by these countries
[21]. Organically approved pesticides fall into the following groups: biorational,
inorganics, botanicals, microbial, oils, and soaps. The most widely used as insecti-
cides are microorganisms, natural pyrethrins, rapeseed oil, and paraffin; the most
widely used as fungicides are copper compounds, sulfur, and microorganisms.
The rules of organic agriculture allow the use of unregistered products such as
nettle slurry, which is used against aphids. It can be prepared on the farm or shared
among farmers [21, 22].

The basic substance concept was introduced by the EU regulation 1107 in 2009.
It was defined as substance not intendedly used for plant protection purposes;
however, it can still be used in protection of plants either directly or as a diluent.
According to this definition, substances used as foodstuff such as vinegar and
sunflower oil can be used as plant protection [23]. The basic substances of plant
and animal origin, which are used as foodstuff, can be legally used in crop protec-
tion in organic farming with the exception of being used as herbicides. These basic
substances include chitosan hydrochloride, fructose, sucrose, Salix spp. cortex,
and Equisetum arvense L. (field horsetail) which are used as elicitors of the plant
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self-defense mechanism. Sunflower oil, whey, and lecithins are used as fungicides,
while vinegar is used as fungicide and bactericide, and Urtica sp. is used as insecti-
cide, fungicide, and acaricide [21]. In organic farming, only active substances listed
in the Commission Regulation (EC) No. 889/2008 (Table 2) can be used. New
update is frequently being made by the EC to add or remove PPPs from the list.

Name of product

Purpose and specifications of use

Azadirachtin from the neem tree (Azadirachta
indica)

Beeswax Used as protectant for treatment of cuts and wounds after
pruning or in grafting
Plant oils Used for control of small-bodied insects such as thrips,

aphids, and whiteflies

Laminarin (from Laminaria digitata) or kelp or
brown algae seaweed

A polysaccharide from the group of the glucans, used to
protect plants against fungi and bacteria. Kelp should be
grown according to the organic standards

Pheromones

Used only in traps and dispensers

Pyrethrins from the leaves of Chrysanthemum
cinerariaefolium

Used as insecticide

Pyrethroids (only deltamethrin or
lambdacyhalothrin)

Used only in traps with attractants or pheromones

Quassia from the plant Quassia amara

Only insecticide and repellent

Microorganisms, e.g., Bacillus thuringiensis,
Beauveria bassiana, and Metarhizium anisopliae

Origin should not be GMOs

Spinosad from the soil bacterium Saccharopolyspora
spinosa

Used as insecticide

Ethylene

Insecticidal fumigant against fruit flies

Paraffin oil

Used as insecticide against small-bodied insects

Fatty acids (soft soaps)

Insecticide against mite, thrips, and aphids

Lime sulfur (mixture of calcium hydroxide and
sulfur)

Used as fungicide

Kieselgur (diatomaceous earth) from the hard-
shelled diatom protist (chrysophytes)

Used as mechanical insecticide

Naturally occurring aluminum silicate (kaolin)

As insect repellent against a wide range of insects at a rate of
50 kg/ha

Calcium hydroxide

Used as fungicide

Sodium hypochlorite (bleach or as javel water). It is
a disinfectant with numerous uses, and its effect is
due to the chlorine

Used in seed treatment as viricide and bactericide

Sulfur

Used as broad-spectrum inorganic contact fungicide and acaricide

Copper compounds such as: copper hydroxide,
copper oxychloride, copper oxide, tribasic copper
sulfate, and Bordeaux mixture (copper sulfate and
calcium hydroxide)

Used as fungicide and bactericide maximum of 6 kg copper
per ha annually

Sheep fat (obtained from fatty sheep tissues by
heat extraction and mixed with water to obtain an
oily water emulsion)

A triglyceride consisting predominantly of glycerine esters of
palmitic acid, stearic acid, and oleic acid. A repellent by smell
against vertebrate pests such as deer and other game animals.
It should not be applied to the edible parts of the crop

Quartz sand

Used as repellent against vertebrate pests

Table 2.

Plant protection products approved by the European Union (EU) for use in organic farming [24].
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6. A case study of organic date palms

There are about 100 million date palms in the world mostly distributed in Asia
and North Africa, producing 7.78 million ton of dates annually [25]. The interna-
tional famous date palm cultivars include Medjool, Deglet Noor, Barhee, Halawy,
Khalas, and Khadrawy. Organic dates are now produced in many countries around
the world including Tunisia, Israel, Saudi Arabia, Egypt, Sudan, Iran, Algeria, and
the USA. Date palm, whether grown conventionally or organically, has numerous
pests and diseases including 132 species of arthropod (insects and mites), 52 verte-
brate pests (birds, rodents, bats), and 28 non-arthropod pests (slugs and snails, para-
sitic nematode) [26, 27]. Additionally, more than 16 important fungal, phytoplasma,
and unidentified diseases attack the date palm. The major ones include Bayoud, black
scorch, Diplodia, Khamedj inflorescence rot, Belaat, graphiola leaf spot, Al-Wijam
disease, brittle leaf disease, and Faroun disease [28]. These pests and diseases
may cause substantial losses in date palm groves if left unmanaged. Therefore, a
well-planned and supervised pest management program is important to maintain
a sustainable date palm production in organic farming system. Some examples of
injuries inflicted by pests on date palm and dates are shown in Figures1 and 2.

Date palm pests of economic important in organic farming could be prevented
through an IPM program comprising the following components: selection of plan-
ning materials, pest monitoring, cultural management, and conservation of natural
enemies of pests.

6.1 Selection of planning materials

To a healthy vigorous palm that yield good quality date fruits, one should start
with good planting materials whether tissue culture seedlings, offshoots, or mature
palms. Planting materials should be adapted to the area where to be grown, in
addition of being healthy and free from pests and diseases. Such planting materi-
als should be obtained from nurseries certified for organic date palm production,
where strict quarantine measures and protocols are applied. Many serious pests and
diseases of date palm including the invasive red palm weevil spread rapidly through
movement of infested planting materials [29]. Dubas bug, scale insects, longhorn
beetle, and rhinoceros beetle also invade new areas through transportation of

Figure 1.
Symptoms of damage on the fruit bunch stalk (left) due to Oryctes elegans and on the trunk (vight) due to
Jebusaea hammerschmidti.
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Figure 2.

Fatal damage caused by the larvae of the longhorn beetle Jebusaea hammerschmidti on the apical meristem
(Goumara) of a date palm.

infested offshoots and mature palms (Figure 3). Thus, application of preventive
and protective controls through strict implementation of agricultural quarantine
controls, as well as non-trading of any offshoots or infected palms, are essential for
the establishment of new date palm plantation.

6.1.1 Characteristics of a good date palm offshoot

a. Make sure that the offshoot belongs to the cultivar that is intended to be
grown. Selection should be made during harvesting time of the mother palm,
because it is easy to identify the date palm cultivar from the characteristics of
its fruit.

b.The offshoot should be 3—4 years old, with length of approximately 1-1.5 m
and diameter of 25-35 cm with an average weight of 20-30 kg.

c. The offshoot should contain numerous undamaged roots.

d.The offshoot should be free of insect pests and diseases.

e. The offshoot should be mature and hence will have a better chance of survival
after transplanting. Bearing fruits and having daughter offshoots indicate the
maturity of the offshoot.

f. Care must be taken not to wound the offshoot during detachment from the
mother palm, as the wounds would predispose the offshoot for bacterial and

fungal diseases, as well as for opportunistic insect pests such as the dynastic
beetles, termites, and red palm weevil.

144



Insect Pest Management in Organic Farming System
DOI: http://dx.doi.org/10.5772/intechopen.84483

Figure 3.
Many important pests and diseases of date palm can be introduced into new areas through transporting
unhealthy planting materials.

6.2 Pest monitoring and mass trapping

Monitoring of major date palm pests is essential for decision-making such as
determination of economic threshold that largely help in starting control actions
and avoidance of routine preventive treatments. Pheromone trapping could be used
to determine population cycles and prediction of pest outbreaks. Pheromones can
also be employed in mating disruption, attack and kill, and male inhalation tech-
niques to reduce pest populations [30]. The same devices of pheromone and light
traps can also be used for mass trapping of adult insect pests, particularly gravid
females that lead to drastic reduction in pest population (Figure 4) [31].

6.3 Cultural management

Services of date palm that are important in the management of pests and diseases
include irrigation management, field sanitation, removal of weeds, organic fertilization,
old frond pruning, frond base cutting, offshoots removal, pollination, fruit thinning,
spines removal, fruit bagging, and harvesting. Each one of the abovementioned opera-
tions is carried out at specific time of the year with specific purpose; however, each
operation can control palm pests and diseases in one way or another. Thus, adoption of
date palm calendar for each locality will provide control of date palm pests and diseases.

6.3.1 Organic fertilization and irrigation (soil condition)

Management of irrigation to avoid conditions that are congenial to the develop-
ment of pests and diseases (e.g., red palm weevil) is an important soil conditioning
practice in organic farming. Another important practice is maintaining soil health
and nutrients to increase palm immunity against pests’ attack, such as the longhorn
beetle, which is known to inflict serious damage on weak unattended undernour-
ished date palms. Healthy palms with balanced nutrients and irrigation withstand
attack by this opportunistic insect pest. High humidity, which is conducive to the
buildup of Dubas, is expected to prevail in densely planted orchards. High soil
moisture (flood irrigation and basin irrigation) increases the infestation by the red
palm weevil in date palm groves [32]. Care has to be taken when applying organic
manure to newly transplanted date palm offshoots, because it may contain eggs
and different stages of the rhinoceros beetles, which are considered serious pests
of date palm. However, the organic manure can be disinfested from these grubs
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Figure 4.
Solar light trap (top left), pheromone-baited trap (top right), adult borers collected by the light trap (bottom
right), and adult of red palm weevils mass trapped through phevomone trap (bottom right).

and other insect pests using physical methods or chemicals permitted in organic
farming system. In this respect, the farm wastes including eradicated palms can be
pulverized and used for production of compost (Figure 5). Organic fertilizers are
added to date palm during the end of October—December. This is to promote date
palm growth and increase its immunity against pests and diseases. About 5-50 kg of
organic fertilizer is required per palm, depending on age.

6.3.2 Palm spacing

Well-spaced date palms (8 x 8 m) have no problem of dub bug insect which rep-
resents a real problem in narrowly spaced plantations [33]. Densely spaced palms
facilitate the spread of crawling mites and scale insects from one palm to another.
Sallam et al. [32] reported high incidence of red palm weevil infestation in closely
spaced date palms. He attributed the high infestation to the high in-grove humidity
caused by densely planted farms.

6.3.3 Pruning of date palm

Pruning is the most important practice that contributes significantly in manage-
ment of pests and diseases, and it includes the removal of old dry fronds (leaves),
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Figure 5.
Shredding machine for pulverizing date palms severely infested by the red palm weevil, Rhynchophorus
ferrugineus.

offshoots, aerial offshoots, fibers, and spines (Figure 6). Frond removal has two
parts: cutting of fronds from the lower whorls of the canopy (Tagleem) and cut-
ting the rachis base (petioles) 1-2 years after frond cutting (Takreeb) [34, 35]. The
advantages of frond pruning are listed below:

a. Facilitates climbing of the date palm by the farmers.

b.Reduces fire hazards in date palm plantations, particularly during dry seasons.

c.Improves aeration around the palm trunk and thus reduces humidity and
discourage hiding and oviposition by trunk borers.

d.Reduces transpiration rate of newly transplanted palms and hence increases the
chance of palm survival.

e. Reduces hiding places for unwanted arthropods such as cockroaches, scorpions
and non-arthropods such as snail, slugs, as well as vertebrate pests (birds and rats)

f. Facilitates handpicking of large-sized grubs and adults of trunk borers.
The following precautions are recommended to be taken during pruning process:

a.Prune only fronds after 3-7 years (old dry fronds) on only palms that are
7 years old or above.

b. Curry out pruning during December—January, when temperatures are low to avoid
infestation by the red palm weevil where activity of the weevils is at the lowest level.

c. Treatment of wounds and pruned surfaces immediately with bee wax or any
other substance allowed in organic farming to obscure the kairomones (odor

emitted by the palm) which attract the red palm weevil and other palm pests.

d.Avoidance of palm overpruning as fronds protects the palm’s heart from exces-
sive heat as well as from cold during winter.
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e. Cutting frond base should be inclined outward with downsloping 45° to avoid
accumulation of rainwater in the area between the base of the frond and trunk.

f. Disinfection of pruning equipment such as saws, sheers, and sickles to avoid
the spread of fungal diseases such as black scorch and Fusarium wilts.

It has been stated that tillage practices and leaf pruning had the greatest effect
in reducing termite, long antennae, and horned beetles, respectively. On the other
hand, sucker removal operations had the greatest effect in reducing the severity of
injuries of horned and long antennae beetles in date palm trees [15]. In addition,
larvae of long antennae beetles can complete overwintering in the petioles of dam-
aged leaves. Therefore, pruning the dry, damaged, and old leaves can reduce the
severity of injuries of borer pests. Termites attack the dry and damaged parts of date
palm tree, so pruning the petiole is very effective in reducing nutrient availability,
population growth, and severity of injury [15].

6.3.4 Pollination, fruit, and bunch thinning

For good quality date fruits, pollen grain should be obtained from certified
bodies to be sure that they are free of pests and diseases such as the inflorescence
beetle Macrocoma sp. and the fungal pathogen Mauginiella scaettae and Thielaviopsis
paradoxa, which cause Khamedj inflorescence rot and black scorch diseases,

Figure 6.
Pruned palm trunk showing cut frond (A), fibers (B), and cut frond base or petiole pruning (C).

148



Insect Pest Management in Organic Farming System
DOI: http://dx.doi.org/10.5772/intechopen.84483

respectively [36]. In this respect, the author stated that extracting pollen and mixing
with talc/flour or with water for mechanical pollination proved to be cost-effective
and more efficient in prevention of inflorescence pests and disease than traditional
pollination methods.

Fruit thinning has two types: strand thinning either made by cutting the end
of the strands or removal 30% of the strands from the center of the spathes [35].
It is carried out in February-March 2-3 days after female spathes opening and
before pollination. Bunch thinning, on the other hand, involves the removal of the
whole bunch and is usually done after pollination. It is carried out in a way that 6-8
bunches are left in each mature date palm. The number of bunches per palm should
corresponds to the number of green functioning fronds, i.e., 9-12 green fronds per
bunch to ensure high yield of date fruits with high quality [35]. The bunch thinning
should be made even on all sides of the palm taking into account the distribution
of bunch loads. This is essential to avoid curving of palm head as the case with
the cultivar Barhi. Weak infested or infected bunches with undersized fruits and
incomplete pollination should be removed first during thinning process. Latifian
[37] reported that bunch pruning helped in decreasing the lesser moth, Batrachedra
amydraula infestation.

6.3.5 Fruit bunch bagging, harvesting, and sorting

The use of insect-proof fruit bunch covers, made of woven monofilament
polyethylene yarn (40 mesh), excludes all insect pests including beetles, ants, flies,
rats, and birds (Figure 7). These bags are more expensive than the loose net bags.
Bunch covering and bunch-remained pruning had suitable effects in decreasing
the date spider mite, Oligonychus afrasiaticus, raisin moth Cadra figulilella, and the
lesser date moth, Batrachedra amydraula infestation [38, 39]. Early harvesting of
cultivars such as Barhee, Deglet Noor, and Medjool provides satisfactory control
against ripening dates including date moth, raisin moth, carob moth, greater date
moth, and sap beetles [40, 41]. Fruit bagging and early harvesting provide effective
control against fruit depredation by frugivorous birds [42]. Culling of infected/
infested date fruit during harvesting and field drying is considered as an important
step in the management of pests and diseases during transit and storage [36].

6.3.6 Phytosanitation in date palm groves

Both field and palm sanitation can have a profound effect in reducing the popu-
lation of pests and diseases of date palm. The removal of fallen date fruits on the
basin of the palm and in the leaf axil of unpruned palms helps provide control for
the nitidulid beetles, lesser date moth, and other insect pests [40]. The fallen fruits
provide suitable breeding site for these insect pests as well as for rats and birds.
Thus, all dried litter around palms should be carefully removed. In organic farms,
grazing animals such as goats, horses, and donkeys may be used to clean weeds,
fallen fruits, and other farm wastes [40]. Neglected date palm farms represent
suitable breeding sites for serious date palm pests including the red palm weevils,
longhorn beetle, and rhinoceros beetle [29, 35]; thus, infested old neglected palms
should be eradicated.

6.4 Conservation and enhancement of natural enemies of pests
The date palm agroecosystem comprises diverse groups of natural enemies

including insect predators, parasitoids, spiders, predatory mites, birds, entomo-
pathogenic nematodes, and microorganisms. In this respect, El-Shafie et al. [26]
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Figure7.
The white-eared bulbul Pycnonotus leucotis (top), damage on dates due to bulbul (bottom left), and bunch
covering to control birds (bottom right).

listed 90 species of predators and parasitoids from 9 orders and 23 families. Out of
the listed species, the most important are the general predator Chrysoperla carnea
and the braconid wasp Bracon spp. that is highly associated with the date moth
Cadyra cautella. Predatory mites from the family Phytoseiidae such as Phytoseiulus
persimilis and Neoseiulus sp. and Trichogramma parasitoids are common. Al-Khatri
[43] reported more than 70% parasitism of Dubas bug in Oman by the specialist
egg parasitoid, Pseudoligosita babylonica. He also mentioned other species of Dubas
natural enemies including the hymenopterous Bocchus hyalinus, Aprostocetus sp.,
and Aphanogmus sp. as well as the coccinellid Cheliomenes sexmaculata.

Several measures taken in date palm plantation can enhance survival and
biodiversity of natural enemies. For example, the exclusion of synthetic pesticides
by rules of organic farming is the cornerstone in conservation of natural enemies
of pests. Intercropping of date palm with annual plants may avail new habitats for
predators of pest such as the lacewing. Soils with high population of diversified
beneficial organisms such as ground beetles (carabids) and earwigs, which are
commonly to be encountered in the date palm agroecosystem (El-Shafie, unpub-
lished data), are expected to maintain low levels of harmful pests. On the other
hand, cultural control techniques create a balance between pests and their natural
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Pest Time of appearance  Possible control measures
Red palm weevil, All the year round Pheromone trapping of adults, removal and destruction
Rhynchophorus ferrugineus ~ with adult peaks of infested palm, strict quarantine measures to prevent

in March-May and
October-November

entry of the weevil in date grooves, application of
azadirachtin, the Beauveria bassiana, and other
biological control agents

Termites (Microcerotermes Al the year round Keeping palm healthy palms, removal of dry fronds and

diversus, Odontotermes litters from around palm basin, application of azadirachtin

smeathmani) as curative measures

Green pit scale insect All the year round Pruning and removal of infested fronds, adequate

(Palmaspis phoenicis) and fertilization and irrigation, application of mineral oils

white scale (Parlatoria (96%) at a rate of 10/1000 liters of water, application of

blanchardi) azadirachtin

Weeds All the year round Mechanical weeding, grazing by farm animals, use of
covers to smother weeds

Rodents All the year round Use of mechanical traps, provision of nesting sites for
predatory birds, such as owls, that can effectively control
rodents in date palm grooves

Inflorescence weevil With beginning Use of uninfested pollen, dusting with microfine sulfur at

(Derelomus sp.), of inflorescence arate of 50 g/ palm

inflorescence beetle February-March

(Macrocoma sp.)

Bayoud disease, Fusarium
wilt caused by F. oxysporum
f. sp. albedinis

All the year round

Cultivation of resistant date palms, removal and
incineration of infested palms, avoidance of the spread
of the disease pathogen through irrigation, use of organic
fertilizer rich in chitin to enhance the development of
actinomycetes which antagonize the pathogen

Inflorescence rot (Khamedj
disease) caused by
Mauginiella scaettae

February-March

Avoid the use of infected pollen, treatment of the palm
with Bordeaux mixture (0.3-0.5%) after harvest and
before inflorescence of the next year as preventive
measures Treatment (dusting) with microfine sulfur ata

rate of 50 g/palm

Black scorch disease caused ~ All the year round Avoid making wound on the palm, sanitation measures

by Thielaviopsis paradoxa such as removal and destruction of badly infected palms,
application of Bordeaux mixture, and use of microfine sulfur
(80%) at arate of 2.5 g/1000 liters of water after harvest

Diplodia disease (basal leaf  All the year round Use of healthy uninfected offshoots, avoidance of making

rot) caused by the fungus
Diplodia phoenicum

wounds in palms, disinfection of pruning equipment,
application of copper sulfate or copper carbonate

Lesser date moth (Humeira)
(Batrachedra amydraula
Meyer)

February-March

Field sanitation including removal of fallen fruits, use

of pheromone or light traps, use of Bacillus thuringiensis,
biological control using egg parasitoid Trichogramma and
the larval parasitoid Bracon sp.

The old world dust mite
(Oligonychus afrasiaticus)

April-July

Removal of weeds around palms, which may act as
alternative host for the mite, use of windbreak to reduce
dust storms, spraying, bunches with a strong stream

of water to dislodge mites and destroy webbing; use of
predatory mites and coccinellids, dusting bunches with
sulfur

The longhorn beetle
(Jebusaea hammerschmidti),
the bunch borers (Oryctes
agamemnon avabicus, Oryctes
elegans), and the frond borer
(Phonopate frontalis)

April-July Larvae of
the longhorn beetle are
found inside the palm
all year round

Pruning of old dry fronds, avoid using uncured farm
manure as organic fertilizer, handpicking of larvae
during frond base cutting, light trapping of adult
beetles, maintaining healthy palms, application of the
fungi Beauveria bassiana, Metarhizium anisopliae, and
the entomopathogenic nematode Rhabditis blumi
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Pest Time of appearance  Possible control measures
Date palm Dubas bug March-April Pruning of infested lower fronds to remove Dubas eggs,
(Ommatissus lybicus) September—October spraying with azadirachtin (2-3 ml/per liter of water),

application of agricultural soaps, biological control with
fungi such as Beauveria and the egg parasitoid Oligosita sp.

Fruit rots June-July Bunch covering and avoidance of fruit injuries by insects
and birds

Birds July—October Covering of bunches during Khalal stage with bird-proof
nets

Pests of stored dates September—November  Bunch bagging to exclude pests that start infestation in the

field, sanitation and disinfestation storehouses before use,
freezing dates at —18°C

Table 3.
Calendar of major pests and diseases in organically grown date palms and their management in the Gulf region.

enemies, and they are more effective in the prevention of outbreaks of date palm
borer pests [15]. The growing of hedgerows, strip crops, and windbreaks provides
suitable habitats and source of pollen and nectar for beneficial organisms [3, 16].
Provision of nesting boxes for owls in date palm groves has a noticeable reduction
in the population of field rats [27]. In addition to the abovementioned measures to
conserve natural enemies, repeated release of purchased predators and parasitoids
can maintain their numbers, which cause substantial reduction in pest populations.
In this context, Ali and Hama [33] reported that the release of Trichogramma sp.
twice a year at a rate of 300-500 individuals/palm contributed significantly in the
integrated management of the lesser date moth, C. cautella.

6.5 Synopsis

The major date palm pests and diseases prevailing in organic date palm planta-
tion, which cause economic damage, are listed in Table 3, with possible measures to
control them.

7. Impact of pest management in organic farming on the environment

As mentioned earlier in this chapter, pest management in organic farming
depends mainly on crop husbandry and biological control. The prohibition of
synthetic fertilizers and pesticides leads to conservation of natural enemies including
predators and parasitoids. The absence of harmful pesticides also increases diversity
of pollinators of crops and minimizes pesticide residues in food products [13, 16, 19].
The community of microorganisms flourishes well in organically managed farms
leading to increased organic matter decomposition, soil fertility, and sustainability of
the ecosystem. Organic farming enhances the biodiversity of the ecosystem through
multicropping and growing of hedges and refuges for beneficial insects as well as
wildlife [3]. Preserving biodiversity contributes much in reducing the initial invasion
and subsequent establishment of organic farms by pests and diseases [3, 8, 9, 44].

8. Conclusions

Crop protection in organic farming is more preventive than curative. Thus,
husbandry practices such as crop rotation, fertilization, cultivation, use of resistant
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varieties, and preservation of natural enemies play an essential role in pest manage-
ment. Plant protection products (PPPs) permitted in organic farming should only
be used when cultural and biological controls fail to suppress pest populations
below economic damage levels. Floral and faunal diversities represent the corner-
stone in the strategy of managing pests and diseases under organic production
system. Crop protection program in organic farming needs to be documented

to allow inspectors to file their reports, which are essential for the certification
process. The documents needed are a well-written plan, copies of scouting records
and protocols used in monitoring of different pests, and provision of pest manage-
ment guidelines, according to the organic standards, if available. For optimizing
pest management tactics in organic farming, future research priorities and recom-
mendations would include:

i. Long-term ecological studies on ecosystem biodiversity to elucidate its
potential role in pest management

ii. Testing more plant protection products including plant extracts and micro-
bial preparations for use in pest population suppression

iii. Exploitation of inherited resistance in different crops against plant
herbivores

iv. Strengthening participatory research approach with organic farmers and

encouraging citizen science to optimize existing practices and develop new
techniques
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Abstract

At present, agricultural homoeopathy is being increasingly implemented world-
wide to mitigate the negative effects caused by the indiscriminate use of chemical
products in conventional agricultural practices. It is a viable alternative to improve
organic agriculture, since homoeopathic medicines are innocuous substances with
a capability to activate measurable response mechanisms when used in plants,
animals and humans. Experimental research results allow us to conclude in this
chapter that agricultural homoeopathy is able to stimulate favourable biological and
even genetic responses in plants (basil Ocimum basilicum L., bean Phaseolus vulgaris
L., cucumber Cucumis sativus L., tomato Solanum lycopersicum L.), which shows a
novelty insight for organic agriculture.

Keywords: agricultural homoeopathy, organic production

1. Introduction

According to the four principles of organic agriculture, health, ecology, care and
fairness, all materials used as fertiliser to control pests must be innocuous for people,
animals and environment. Those principles are mainly focused to respecting and
emulating tha natural biological cycles in order to leave for future generations the same
possibility of using natural resources of the planet. All materials or supplies must come
preferably from the same farm to avoid introducing external risk agents and to reduce
costs [1]. In this context, homoeopathy should be an alternative resource to help crop
plants improve their production under several biotic and abiotic stress conditions.

Homoeopathy is a branch of universal medicine based on the ‘principle of
the like’ (Similia Similibus Curentur = Like treats Like) and in minimum doses. It
means that a substance in a massive dose generates pathological symptomatology;
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symptomatology, has the possibility of cure it, if applied in the minimum doses
obtained by dilution and intense agitation, in other words, homoeopathic suc-
cussion [2]. Homoeopathy is derived from a Hippocratic concept developed by

the German physician, Samuel Hahnemann (1755-1843), with serially diluted
medicines (1:9, 1:99, 1:999 and others) in water-ethanol vehicle alternating dilution
with succussion [3]. Through this process, medicinal products were obtained, called
potencies, dilutions or dynamisations, in decimal, centesimal or thousands, and
others [4].

The starting point in obtaining a certain boosting curative capacity is a concen-
trate or mother tincture (MT), which is an alcoholic extract prepared from plants,
animals, minerals and even inert materials as nanoparticulate metals [4]. Despite its
high dilution, it is possible to detect molecules or nanoparticles of the ‘ponderable
active principle’ (MT) in dynamisations, even in high centesimal dilutions (12CH,
30CH, 200CH) although according to Avogadro’s theory, the dynamisation 12CH
should have a single molecule of the original substance contained in the MT [5].

The principle of similarity should be understood as the parallelism between
the toxic effect of a substance and its therapeutic use for the treatment of similar,
but not necessarily identical, symptomatology. Some drugs used for the treatment
of depression, anxiety and panic can induce panic and depressive symptoms in a
healthy person when they have been homoeopathically energised by means of a
dilution-succussion process [6]. The most paradigmatic and controversial aspect of
homoeopathy is that these serial dilutions have a measurable effect even when they
are given to an animal or a plant in infinitesimal doses, which leave no possibility of
suggestion and placebo effect.

Formerly, the somewhat ethereal or subjective concept of ‘vital force’ was
handled, which has fallen into disuse because it has been found that a large part of
the effects of homoeopathic medicine are mediated by cells of the immune system
[7 8]. This is the case of ultradilutions of Aspirin® that have a platelet pro-aggre-
gating effect, just opposite to the effects of aspirin in a ponderable dose [9], and
whose action would be mediated by the COX-2 coenzyme [10].

Animal model research has its advantages, and possibly the most robust, repro-
duced and tested research topic in the world is the effect of thyroxine on the induction
of frog metamorphosis. The effect of thyroxine in massive dose is just the opposite to
the effect of the same product in homoeopathic dose [11], which has been proven by
different authors in different frog species [12]. In veterinary medicine, homoeopathy
is used, among others, for the treatment of foetal death in pigs (Day, 1984); control
of mastitis in cattle [13] and sheep (Day, 1986); and elimination of ticks in bovines
[14], salmonellosis in chickens [15] and gastroenteritis in dogs [16]. In aquaculture
systems, it can be administered in food or added directly to culture water [17] to pro-
mote resistance to pathogens in stress situations and a better postinfection recovery
[2, 18]. Freshwater fish, when raised in low stress conditions, have greater survival,
production potential and meat quality [19]. Other relevant research topics are gonadic
development and sexual maturation [20], stress response [21], physiological and neu-
roendocrine changes [20, 22], and growth/survival [20]. Recently published results
[23, 24] have shown that aquacultural homoeopathy is able to produce measurable
biological effects in marine molluscs, shrimp and fish, which trigger physiological,
humoral, genomic, metagenomic and transcriptomic responses [17, 25, 26] to recover
the internal homoeostasis of the treated individual, which is a synonym of health.

In the plant model, the most replicated study is the protective effect of homoeo-
pathically ultradiluted arsenic versus the effect of arsenic itself in ponderable doses
(pre- and post-treatment) on maize seeds [27]. Positive results have been achieved in
prevention and control of plague organisms in the Solanum quitoense Lam [28] crop, in
germination and initial growth of Hancornia speciosa Gomes [29] and in remediation of
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soils affected by heavy metals [30]. The homoeopathic medicine Natrum muriaticum
has been used successfully to increase resistance to salt stress in Solanum lycopersicum
[31]. Those previous and other published results, suggest that aquacultural and agri-
cultural homoeopathy are viable alternatives from the economic, ecological and social
points of view to contribute to the environment and extinguish the harmful footprint
left on the planet by the indiscriminate use of various toxic agrochemicals [32].

The homoeopathic medical therapy establishes a principle that there are no
illnesses but sick people and that every disease is only the reflection of a disturbance
of the dynamic balance between the organism and biotic and abiotic elements of
their environments. It is officially recognised as an alternative, holistic or integra-
tive medicine therapy in various countries of the world where medical professionals
are also trained at bachelor, master and doctoral degrees. Particularly in Mexico,
the practice of homoeopathy was authorised by a presidential decree on July 31,
1895, and its study and practice are now officially recognised in the General Health
Law (2015), and only health professionals can prescribe homoeopathic medicines.
Homoeopathic medicines must have an official code and registration, so they differ
from other products that are not medicines but herbs for infusion or herbal reme-
dies. In countries such as Brazil, there are homoeopathic medicines for exclusive use
in veterinary medicine and aquaculture of marine and freshwater fishes registered
with the Ministry of Agriculture [17, 24].

Homoeopathy is an emerging holistic therapy whose application continues to grow
throughout the world and is gaining ground thanks to rigorous scientific research
in human, animal and plant models. Due to new discoveries in the field of quantum
physics, it has even been proposed to rename homoeopathy as ‘adaptive network
nanomedicine’ [33]. Asa counterpart, the official medicine known as ‘allopathy’ is
derived from a Galenic concept: the ‘principle of opposites’ based on the application of
massive doses of various chemotherapeutic agents. These drugs, generically synthetic,
are officially classified as antimicrobial, antiviral, anti-inflammatory, antispasmodic,
antihistamine, anti-fever, etc., which, although they can alleviate, eliminate, or conceal
symptoms, invariably have side effects and contraindications. Because it can affect
health, pharmaceutical laboratories must communicate and describe these risks to the
consumer on the label of the drug, following legal provisions.

This chapter describes recent research results about the use of homoeopathic
medicines (HOM) and homoeopathic treatments (HOM treatments) in vegetable
model. For the purposes of this chapter, commercial homoeopathic medicines for
human use have been utilised in the form of liquid hydro-alcoholic dynamisations
(Similia® Laboratories, Mexico) and injectable aqueous dynamisations (Rubio
Pharma®, Mexico). They were considered ‘stock dynamisations’ from which the
respective ‘study dynamisations’ were obtained through a serial process of decimal
or centesimal dilution-succussion. The following HOM treatments were used for
plants in controlled laboratory conditions and semicontrolled conditions in the field,
as dynamisations of Natrum muriaticum (NaM), Silicea terra (SiT), Magnesia phos-
phorica (MaP), Arsenicum album (ArA), Zincum phosphoricum (ZiP) and Phosphoric
acid (PhA) and Magnesium metallicurmn (MgM) (Provider: Similia®, CDMX, México)
and Magnesium Manganum phosphoricum (MaMnP) (Provider: Rubiopharma®).
These and other nosode-type HOM products have been designed by CIBNOR, which
is processing the respective industrial property titles (Office for industrial protection
and technology transfer, OTT-CEPAT/CIBNOR, www.cibnor.gob.mx). Distilled
water (DW) was used as control treatments. HOM treatments and controls are used
to soak seeds and sprinkle leaf area or added directly to substrate for crop species.

It is very important to consider that homoeopathy could be used in fulfilling the
organic agriculture principles. Nowadays authors of this chapter are studying the
effects and substance homoeopathy in organic agriculture principles.
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2. Effect of homoeopathy on plant species
2.1 Promotion of plant growth health, nutrition and performance

The application of homoeopathy in agriculture is known as agricultural
homoeopathy, which offers an ecologically and economically viable model with the
potential to reduce the use of agrochemicals in world agriculture. Homoeopathy
in plants contributes to the improvement of internal processes to optimise their
growth and development [34]. Scientifically proven results in crops have validated
their ability to modify the physiological response of the plant, abundance of foliage
and amount of fruit [30]. Recently the homoeopathic medicines Sulphur, Silicea
terra and Nux vomica have been assessed on different plants of commercial interest,
including corn [35], while the use of other HOM treatments is recommended, such
as Calcarea carbonica, Carbo vegetabilis and Magnesia carbonica, because their active
ingredients can provoke favourable responses in plants [34].

2.1.1 Germination and emergence of cucumber (Cucumis sativus) and tomato
plants (Solanum lycopersicum)

Horticultural fruit crops are of great interest in agricultural industry due to their
high consumption worldwide either fresh or canned, so it is important to increase
their production. At the Universidad Técnica Estatal de Quevedo (UTEQ, Ecuador,
FOCICYT Project), the effect of HOM treatments on tomato and cucumber was
studied during germination and emergence from certified seeds of tomato and
cucumber (Floradade and Marketmore varieties, respectively). The bioassays were
carried out in the experimental area of the Plant Biotechnology Laboratory (germi-
nation) and in ‘La Marfa’ farm (emergence) at UTEQ.

For germination and emergence, a completely randomised design was applied
with a 2 axis bifactorial arrangement where factor A was dynamisations (7CH and
13CH) and B was homoeopathic medicines. HOM treatments T1 (NaM 7CH), T2
(SiT 7CH), T3 (MaP 7CH), T4 (ArA 7CH), T5 (NaM 13CH), T6 (SiT 13CH),

T7 (MaP 13CH) and T8 (ArA 13CH) were applied in cucumber and T1 (NaM 7CH),
T2 (SiT 7CH), T3 (ZiP 7CH), T4 (PhA 7CH), T5 (NaM 13CH), T6 (SiT 13CH), T7
(ZiP 13CH) and T8 (PhA 13CH) in tomato. For both species, distilled water (DW)
was applied as a control. Each experimental treatments included six repetitions,
each one with 30 seeds. The seed were previously disinfected and washed and then
submerged for 20 min in each of the corresponding HOM treatments. The germina-
tion tests were carried out in sterilised Petri dishes (150 x 15 mm) placing filter
paper as a substrate on the dish bottom. In each dish, 5 ml of the corresponding
HOM treatment was initially added, and humidity of the paper substrate kept add-
ing distilled water daily. The germination tests were carried out under controlled
conditions with a 12:12 h photoperiod and 27 + 1°C temperature. The seeds were
considered germinated when the radicle is measured around 2 mm in length. To
evaluate emergence, the seeds were also previously submerged in the HOM treat-
ments and then planted in 200-well polystyrene trays with commercial substrate
(Novarbo®). The seeds were considered emerged when the seedling broke the
surface and emerged through the substrate.

Germination was recorded daily, determining the final percentage at 24 h in
cucumber and 7 days in tomato. Emergence was also recorded daily, and the final
percentage was determined at 4 days for cucumber and at 15 days for tomato. The
germination and emergence rates were calculated using Maguire’s equation [36]:
(M = nl1/t1 + n2/t2 + ... n30/tn (1)), where nl1, n2, ... n30 are the number of seeds
germinated and emerged at times t1, t2, ... tn. From each treatment/repetition, ten
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Figure 1.

Effect of HOM treatments on cucumber (Cucumis sativus) germination (% and rate; left) and emergence (%
and rate; right); average values with different literals correspond to statistically different treatments (p < 0.05).

random seedlings were taken for measurement of the morphometric variables at
14 days after emergence. After separating the tissues (radicle, stem and leaves), the
length of the stem from the base to the apical part was measured with a graduated
ruler (mm). Idem, after having washed the roots with drinking water and finally
with distilled water, the length of the radicle was measured from the base of the
stem where root hairs start up to where the main root ends. To determine fresh and
dry biomass of the aerial part (stems + leaves) and radicle, each one was weighed
separately in analytical balance (Mettler Toledo®, model AG204). Then aerial part
and radicle were placed separately in paper bags in a drying oven (80°C) during 72 h
until complete dehydration and then weighed in the same analytical balance. The
data were expressed in grams of plant material (fresh or dry).

Test 1. In cucumber the results revealed that germination rate and percentage
reached the highest value with T8 (Figure 1) with 53% in comparison to the control
(40%). The highest germination rate (9 seeds/h) was also obtained with this HOM
treatment, compared to control (4 seeds/h). The emergence percentage was similar
for T1 and for the control (65%), which was lower than in other treatments. The
emergence rate for T1 was higher than the other treatments and without difference
with the control (Figure 1). During germination, the plants treated with T7 reached
the longest stem length (6.5 cm) without statistical difference from other HOM
treatments: T1, T2, T4, T5, T6 and T8. In those cases, significant statistical differ-
ences were found with the control (4.5 cm). The longest radicle was obtained with T7
(10.9 cm), with respect to the control (8.4 cm). Regarding biomass, the aerial part
with the highest fresh biomass was recorded with T2 (0.18 g), which was statistically
different from the control (0.12 g). The plants treated with T8 had the highest fresh
radicle biomass (0.08 g), compared to the control (0.06 g). Also with T8 treatment,
the highest dry radicle biomass (0.0032 g) was recorded with respect to the control
(0.0018 g). During the emergence stage using T3, the longest stem length (12.3 cm)
was reached, compared to control (9 cm). The greatest radicle length (6.0 cm) was
obtained with T4, and no statistical difference was recorded with the rest of the
treatments (5.0-5.9 cm). The highest yield in fresh biomass production of the aerial
part was obtained with T2 (0.79 g) with respect to the control (0.47 g). Seedlings
with the highest fresh radicle biomass (0.12 g) were obtained with T7, showing
statistical differences compared to other experimental interactions (0.04-0.07 g).
Finally, the highest radicle dry weight (0.0049 g) was attained with HOM treatment
TS5, which was statistically higher than that of the control (0.0017 g).

Test 2. In tomato, no significant differences were recorded regarding germina-
tion rate and percentage. However, with HOM treatment T2, the highest rate and
percentage of emergence were obtained (3 and 26%), unlike the control group
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Figure 2.
Effect of HOM treatments on tomato (Solanum lycopersicum) emergence (% and rate).

(<2 and <23%, respectively). In general, most of the HOM treatments had a
stimulating effect during the emergence stage (Figure 2) since significant differ-
ences were recorded in the morphometric variables evaluated. During germination,
the length of stem (SL) was greater using T3 (5.5 cm) with respect to the control
(4.3 cm). With HOM treatment T2, the highest root development was obtained
with a length of 8.2 cm compared to the control (5.6 cm). Significant differences
were observed in dry biomass of stem and root obtaining higher dry stem biomass
with T3 and T5 (0.01 g) than that obtained with control and other HOM treatments
(0.0027 g). When T1 was applied, a higher dry root biomass (0.002 g) was observed
with respect to control (0.0005 g), and other HOM treatments (<0.0013 g) were
assessed. During the emergence stage, significant differences were found regarding
stem length with HOM treatment T2 (6.6 cm), and with T3 a similar growth was
obtained (5.9 cm). The length of the stem was smaller with the rest of the treat-
ments (<5.8 cm) but, even so, higher than the control (4.6 cm). Regarding root
length, no significant differences were found; however, the seedlings treated with
T4 and T7 had the highest root growth (4.5 and 4.6 cm, respectively) beyond the
control (3.3 cm). Finally, with regard to biomass, no significant differences were
observed between HOM treatments and the control.

2.1.2 Initial plant growth of common bean (Phaseolus vulgaris L.) variety Quivicdn
plants

The common bean (Phaseolus vulgaris L.) is one of the edible legumes of greater
consumption worldwide, providing an important source of proteins, vitamins and
minerals to the diet of populations in developing countries in the Americas [37]. For
this reason, research development has focused on improving crop response vari-
ables to increase their agricultural production. Thus, the objective of this study was
to assess homoeopathic medicines to promote the overall performance and produc-
tivity of P, vulgaris L. (white-tinted Quivican variety) during the stages of initial
plant growth in pots with substrate, within cultivation houses with shadow mesh at
Centro de Investigaciones Bioldgicas del Noroeste (CIBNOR), La Paz, Mexico.

Test 1. Certified seeds of this Quivican variety (Seed Company, Villa Clara,
Cuba) were used; a completely randomised design was used with three HOM
treatments, T1 (MgM-31CH), T2 (MgMnP-3CH) and T3 (MgM-31CH + MgMnP-
3CH), and a control with distilled water (DW), each one with four replicates. This
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Table 1.

Effect of HOM treatments on morphometric parameters during growth stage of the common bean
(Phaseolus vulgaris L.) variety Quivicdn.

experiment was developed to evaluate initial growth phase. Seeds were planted (five
replications per treatment) in plastic pots (3 seeds/pot) with 5 kg of commercial
substrate (Sogemix PM®). Emergence evaluation was done daily; when 50% + 1 of
the seeds emerged, 1 ml of the respective HOM treatment and water for the control
(NT) was applied around the stems of the plants on alternate days. After 35 days,
we proceeded to measure stem length (SL), root length (RL), fresh biomass (g)

of root, stem and leaves (FRB, FSB, FLB), foliar area (FA) (cm?), stem diameter
(SD) (mm) and number of leaves (L No). The yields corresponding to dry biomass
(DRB, DLB, DSB) were also measured. The most relevant result of the study was
highly favourable and statistically significant effect of HOM treatment T3 with
respect to the untreated control group (Table 1).

The cause-effect results in the plant model demonstrated a synergistic effect of
the homoeopathic medicines included in HOM treatment T3, which evidently could
not have been a placebo effect because it clearly favoured the growth of P, vulgaris
variety Quivican. Magnesium and manganese were components of T3; both are
essential for the growth of any living cell and necessary secondary macronutrients
for plant growth and development. Around 75% of foliar magnesium was involved in
protein synthesis, and 15-20% of total magnesium was associated with pigments, a
constituent element of the chlorophyll molecule and extremely important in photo-
synthesis [38]. Magnesium acts mainly as a cofactor of several enzymes involved in
photosynthetic carbon fixation and also in basic metabolism [39]. Both magnesium
and manganese play an important role in plant general nutrition and enhance or
reinforce their resistance to diseases [40]. The results obtained in this study suggest
that agricultural homoeopathy has application in the cultivation of the common bean
(Phaseolus vulgaris L.) variety Quivican, during the stages of initial plant growth.

2.2 Attenuation of the effects of abiotic stress

Currently, numerous studies have focused on elucidating the negative effects
of abiotic stress on agricultural crops. Saline stress associated with high tempera-
tures and solar irradiation is the most important environmental process that stops
cultivated plant growth, development and survival, decreasing productivity [41].
Worldwide, millions of hectares have a high degree of aridity and the presence of
salts [42]. In Mexico, arid and semiarid regions constitute more than 50% of the
national territory [43], so the study of these factors is important due to the negative
impact they have on the agricultural sector. Salinity has environmental, social and
economic consequences because sustainability and yield of the cultivated spe-
cies decrease in the affected areas. Salinity affects plant metabolism and growth,
causing a decrease in biomass production [44]. Global losses due to salt stress
are estimated at 12 billion dollars per year and affect a fifth of the farmland [45].
Among the main harmful effects, decrease in water absorption, ion assimilation
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that can cause toxicity and nutritional imbalance and physiological changes, such as
the reduction of the photosynthetic rate due to a lower leaf area, which reduces crop
viability [46] are included.

Several alternatives have been studied to mitigate the effect of salinity in agri-
culture, such as genetic improvement, selection of tolerant varieties and physical
treatments to seeds to induce tolerance or agrochemicals to stimulate plant growth.
In these sense, HOM treatments imply the application of ultra-diluted substances,
which are an eco-friendly and economic variant that could be used effectively in
any condition and circumstance [47]. Unfortunately, this organic-like alternative
has been little studied worldwide.

2.2.1 Salinity stress by NaCl in the bean crop (Phaseolus vulgaris L.)

The common bean Phaseolus vulgaris L. is a key product in world food security
[48], but the adverse environmental conditions, mainly drought and salinity in soils,
affect their general performance reducing productivity and harvest [49]. Saline stress
occurs due to high concentrations of sodium (Na*) and chlorine (CI7) that seri-
ously alter the plant metabolism, affecting its growth and development [50]. Water
deficit is an osmotic stressing agent, specifically associated with salinisation, which
reduces the rate of fixation of carbon dioxide (CO2) and affects processes associ-
ated with photosynthesis [51]. Abscisic acid (ABA) is a key hormone that regulates
the responses of plants to abiotic stress [52] and initiates the activation of stomatal
closure when facing salt stress. When it happens, CO2 levels decrease and conse-
quently photosynthesis, causing oxidative stress [53]. The objective of this study was
to evaluate HOM treatment NaM (7CH) as attenuator of the harmful effect of salinity
induced by NaCl application. The experiment was developed at CIBNOR to assess the
initial growth stage of the species and study the expression of the genes associated
with physiological response of P, vulgaris against HOM treatments.

A completely randomised design was applied with HOM treatment T1 (NaM
7CH) and control (DW) each one with five replicates and two concentrations of
NaCl (0 and 75 mM). Seeds of the variety white-tinted Quivicin (Empresa de
Semillas, Villa Clara, Cuba) were used.

Test 1. The seeds were disinfected, then imbibed for 30 min in HOM treatment
NaM 7CH or in DW (control treatment), planted in 5 kg plastic pots (3 seeds/
pot) with commercial substrate (Sogemix PM®) and grown for 35 days. Once the
seeds germinated and the plants emerged, NaM 7CH or DW (15 ml) was applied on
alternate days near the stem of each plant. The addition of NaCl began 15 days after
germination and is applied gradually until reaching 75 mM to avoid osmotic shock.

The photosynthesis rate (A, pmol m™s™") was measured with a LCpro-SD
portable computer with a wide-blade camera (ADC, Hoddesdon, Herts, United
Kingdom). Three measurements were made during the fourth week of the trial, on
healthy leaves and on completely sunny days. At the begining of frlowering, a sample
was taken to perform the expression analysis of the 9-cis-epoxycarotenoid gene
(PvNCDE1) [54]. Total RNA isolation, cDNA synthesis and real-time PCR amplifica-
tion were performed following the methodology reported by Morelos et al. [55], and
the relative expression of PvNCDE1 was estimated following the model proposed by
Hellemans et al. [56]. One-way ANOVA followed by Tukey’s exact test was performed
using STATISTICA 8.0 (StatSoft, Inc.). A p-value <0.05 was considered significant.

At the end of the study, photosynthesis showed a considerable decrease in the
control (DW) when the plants underwent saline stress (Figure 3). In these stressed
plants, stomatal closure was produced by ABA, generating a direct blockage of
photosynthesis due to the limited uptake of CO2, an indispensable substrate for the
Calvin cycle. When it happens, a blockage of the photo phase occurs due to the null
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Figure 4.
Expression of the pyNCED1 gene of HOM-treated (NaM-7CH) bean Phaseolus vulgaris L., exposed to NaCl
stress. Average values with different literals corvespond to statistically different treatments (p < 0.05).

demand of the reducing power and ATP, resulting in oxygen production with conse-
quent damage to the chloroplast membranes and their subsequent disintegration
[57]. Contrary to the above, in HOM-treated plants that were subjected in parallel
to salt stress, photosynthesis increased and no significant difference (p > 0.05) was
observed with respect to plants not subjected to salt stress by the addition of NaCl.
This result suggests that plants receiving HOM treatment did not become stressed,
despite having been exposed to saline conditions (Figure 3).

The 9-cis-epoxycarotenoid gene (NCED) is known to be overexpressed under
drought stress conditions in P. vulgaris bean, and it is considered fundamental for the
regulation of ABA biosynthesis [58]. The increase of ABA under stress conditions
causes a change in gene expression and adaptive physiological responses of plants [59].
As aresult of this study, the relative expression of the pyNCED1 gene (Figure 4) was
higher (p < 0.05) in the plants without HOM treatment of the control group (DW)
than that were exposed to 75 mM of NaCl with respect to those not exposed to NaCl.

The response of the HOM-treated plants did not show significant differences
(p > 0.05) under normal conditions or in high salinity (75 mM NaCl), which means
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that the plants receiving homoeopathy were not stressed despite also receiving

75 mM NaCl since a lower expression of the pyNCED1 gene was found in the gene
expression study. This result confirms a cause-effect relationship of T1 and the
impossibility of a placebo effect in a plant model investigation where there is no
possibility of suggestion of the treated individual.

2.2.2 Salinity stress by NaCl in basil (Ocimum basilicum L.)

Basil is an important aromatic species for its use as flavouring and dry and fresh
seasoning in the food industry; as stimulant, antispasmodic and antialopecic in
pharmacy; and as aromatising cosmetics in the perfume industry [60]. The grow-
ing interest of consumers for products of natural origin stimulates the market of
aromatic plants, making them a viable option for the organic agricultural sector and
the possibility of exporting them fresh or processed in extracts, essences and oils
used in culinary industries, cosmetics and pharmaceuticals [61]. This work aimed to
assess the effect of NaM as an attenuator of NaCl stress in plant photosynthesis and
biomass production of two varieties of basil, grown under hydroponic system.

Test 2. This experiment was developed at CIBNOR, and seedlings were obtained from
certified organic seeds of basil O. basilicum L., Emily and Napoletano varieties (Vis Seed
Company, USA). A completely randomised experimental design with factorial arrange-
ment (2A x 2B x 3C) was used, considering the Napoletano and Emily as factor A, the
concentration of NaCl (0 and 75 mM) as factor Band HOM treatments NaM 7CH and
NaM 13CH as factor C. The study included a total of 12 treatments each with 4 replica-
tions. The bioassay was carried out in expanded polyurethane boxes of 69 x 38.5 x 25 cm
and 38 L capacity, gauged with potable water (electrical conductivity 0.22 dSm™). Six
plastic pots (150 ml) with an experimental plant inside were fixed above each box letting
the roots inside the box with liquid-enriched media pass through 1 inch holes. The plants
received a nutritious solution adapted for basil according to Samperio [62].

The application of the HOM treatments and control (DW) began after a period
of acclimatisation 7 days after transplant, spraying the aerial part of the plants with
150 ml plant ™ on alternate days. After 15 days, the application of saline treatments
began gradually to avoid osmotic shock until a concentration of 75 mM was reached.

The photosynthetic rate (A, pmol m~2s!) was measured with (IRGA) LCpro-SD
portable photosynthesis system equipment with a broad-leaf leaf chamber (ADC,
Hoddesdon, Herts, UK) in a completely turgid and healthy leaf on completely sunny
days (three measurements, 1 week before cutting); 45 days after transplant, the leaf
area was determined (LA, cm?) by integrating leaf area metre (Li-Cor®, model-LI-
3000A, series PAM 1701) and biomass using fresh weight of the aerial part (BFAP, g);
an analytical balance was used (Mettler Toledo®, model AG204).

The cause-effect results of this study revealed significant differences between
varieties x NaCl x HOM treatment for A (Fy6 = 4.14, p < 0.020), FA (F, 36 = 2.87;

p <0.01) and BFAP (F, 36 = 11.1; p < 0.0001). Napoletano showed highest fresh
weight of aerial part without the addition of NaCl and the HOM treatment NaM 7CH
(Table 2). When both basil varieties were subjected to 75 mM NaCl, the photosyn-
thetic rate decreased 53.6 and 63.6% with respect to the control in Napoletano and
Emily, respectively. However, this result was reversed with the application of HOM
treatments (NaM 7CH or NaM 13CH) in all variables and both varieties. At the end
of the study, increases greater than 50% were obtained with respect to the plants that
received 75 mM NaCl, but they did not receive a ‘similar’ HOM treatment.

These results suggest that O. basilicum plants naturally and positively responded to
saline stress with both HOM treatments without the possibility of a placebo effect, both
at cellular level and in the tissues as a whole, increasing growth. According to Zhu [63],
stress agents offer environmental signals that are perceived and recognised by plants,
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Table 2.
Effect of the interaction of varieties x NaCl x NaM in the variables evaluated in two varieties of basil
(O. basilicum) subjected to saline stress (NaCl).

transduced into cells and re-transmitted, which generate a cascade of biochemical, physi-
ological and genetic responses that allow the plant to adapt to change when it is gradual,
but this response depends on each species and variety. It is possible to hypothesise that
the presence of magnesium nanoparticles initially bioavailable in sea salt (NaM origin)
has contributed to the formation of chlorophyll molecules and photosynthesis, which is
the main process of plant biomass production. Additionally, Magnesium has a predomi-
nant role in enzymatic activity related to carbohydrate metabolism [64]. The results of
this study suggest that agricultural homoeopathy besides being an organic-like treatment
can increase general overall performance and productivity of O. basilicum, strengthening
its ability to tolerate saline stress conditions without the need of using agrochemicals.

2.3 Attenuation of the effects of biotic stress

With the indiscriminate use of pesticides in agriculture, the resistance of
pathogenic microorganisms to the chemicals used has increased, which has nega-
tively affected the environment and therefore the consumption of products with
high levels of toxicity. Therefore, technological alternatives have been generated to
replace conventional ones. Recently the application of safe products has increased
in agriculture, many of which are framed in novel agricultural homoeopathy.
Agricultural homoeopathy is an alternative for agricultural farmers, compatible
with traditional, organic, ecological, biodynamic and even conventional agricul-
ture, capable of influencing the biological processes of plants by controlling health
problems caused by fungi, viruses and bacteria. It contributes to pest control and
influences crop growth and development [34].

Test 1. The experiment was developed at UTEQ, Ecuador, to assess in vitro activity
of homoeopathic medicines against Fusarium oxysporum f. sp. lycopersici. One of the
most important diseases affecting tomato crop is vascular wilt caused by Fusarium
oxysporum f. sp. lycopersici (Fol) (Sacc.) Snyder and Hansen [65]. The control of
fungal diseases in agriculture is controlled by agrochemicals including toxic pesticides
whose excessive and indiscriminate use has caused the decrease or loss of the fertile

167



Multifunctionality and Impacts of Organic and Conventional Agriculture

soil layer and death of microorganisms in soil. Additionally, the pathogens have
developed resistance to the active ingredient of the agrochemical that generally has
a high cost [34]. Therefore, it is necessary to search for ecological and less polluting
alternatives for the control of pests and diseases in agriculture, ensuring the safety
and future of the agro-food industry. The objective of this study was to evaluate
the in vitro effect of homoeopathic medicines on the pathogenic fungus Fusarium
oxysporum f. sp. lycopersici, highly damaging various agricultural crops [66].

An experimental design which is completely randomised was applied with six
homoeopathic medicines, each in two dynamisations (7 CH and 13 CH, Similia®
CDMX, Mexico): T1 (MaP 7CH), T2 (ZiP 7CH), T3 (PhA 7CH), T4 (SiT 7CH), TS
(NaM 7CH), T6 (ArA 7CH), T7 (MaP 13CH), T8 (ZiP 13CH), T9 (PhA 13CH), T10
(SiT 13CH), T11 (NaM 13CH) and T12 (ArA 13CH) and one control (DW) to measure
antifungal activity against F. oxysporum, using the method of the poisoned medium
[67]. The diameter of the mycelium was measured daily, and the percentage of growth
inhibition was determined by the formula [%inhibition = mycelial growth of the
control — mycelial growth of the treatment/mycelial growth of the control x 100].

No significant differences were observed in radial growth of the phytopathogenic
fungus in the HOM treatments with respect to the untreated control (NT). On the
other hand, significant differences were observed between HOM treatments and
their dynamisations (7 CH and 13 CH) with respect to NT. The dynamisation 13 CH
increased the percentage of inhibition of the phytopathogenic fungus. These results
confirmed the variability of the response induced by homoeopathic medicines in plant
model, whose response depends on the dynamisation used [68]. These results are in
agreement with those reported by Narvaez-Martinez et al. [28] who used a homoeo-
pathic treatment developed from a pathogen (nosode); when they applied different
dynamics in tomato Solanum quitoense Lam, they found different effects against a pest
caused by Neoleucinodes elegantalis. HOM treatments T2, T7 and T12 offered a greater
inhibition percentage against the pathogen (70, 65 and 51%, respectively). These
results agree with Tichavsky [69], who stated that Phosphorus homoeopathic medicine
helped to control diseases caused by fungi, and two of these treatments contained
phosphorus. According to Casali et al. [70], this result was due to the production of
secondary metabolites (essential oils). However, during this study, HOM treatments
T3 and T9 favoured the growth and reproduction of the fungus. Our results coincide
with Damin et al. [71] who evaluated nine homoeopathic medicines against the patho-
gen Metarhizium anisopliae and obtained stimulation in the production of conidia by
this fungus. It is necessary to conceptualise that homoeopathy acts on living beings;
therefore, fungus can also be favoured with a HOM treatment.

The attained results revealed that the HOM treatments showed activity against
F. oxysporum, highlighting Zincum phosphoricum and Magnesium phosphoricum.
These cause-effect results in the plant model demonstrated that a placebo effect is
not only absent in homoeopathic medicine but also supports agricultural homoe-
opathy. These results contribute to search for alternatives to control diseases caused
by this phytopathogen in tomato plants, by using effective, innocuous and more
eco-friendly tools to substitute the use of agrochemicals.

3. Conclusions

A lot of experimental scientific results related with the use of homoeopathic medi-
cines in plants, besides new results and insights discussed along this chapter, eliminate
the principal argument of homoeopathy detractors. Actually, they cannot sustain their
arguments in the sense that the suggestion and the placebo effect are the only mecha-
nisms of action of this old, and at the same time new; alternative for organic agriculture.
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As shown throughout the text, there is sufficient scientific evidence that homoeopathy
strengthens the energy and vitality of plants even under conditions of abiotic stress
and promotes a dynamic balance of the plant with soil, water and the environment.
Homoeopathic dilutions from different origins can be applied by soaking seeds and
spraying leaves or directly to the soil or substrate. These ultra-diluted and innocuous
treatments have the ability to initiate cascade responses, promoting favourable physio-
logical reactions in the plant, with a systemic approach against the symptoms associated
with an infection or a stressor. This is possible because, as in any living organism, plants
have a genetic memory, which is continuously enriched. The response of plants treated
with homoeopathy is natural, lasting and without the negative side effects that some
agrochemicals have, which can even accumulate in their tissues and affect the safety of
the harvested product, which makes it unfit for human consumption. Undoubtedly,
homoeopathy has great potential, not only in human public health and aquaculture and
veterinary production but also in organic, ecological and sustainable agriculture, which
will be essential for the future development of humanity.
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Chapter 10

Water Productivity Improvement
Under Salinity Conditions: Case
Study of the Saline Areas of Lower
Karkheh River Basin, Iran

Nader Heydari

Abstract

Soil salinity and low drainage capacity are major factors limiting crop yield
and low agricultural water productivity (WP) in the Lower Karkheh River Basin
(L-KRB) in the southwest to south of Iran. The objective of this chapter is to provide
and elaborate cost-effective and adaptive solutions and measures for the ameliora-
tion of the situation and for enhancing WP in this area. The suggested approaches
and measures are based on field experiments conducted both under farmer’s field
and research station. The main cultivated crop in the region is wheat. For the first
step, WPs of wheat were determined under some farmer’s fields. Based on results,
WP of wheat in the area varied between 0.24 and 0.77 kg/m”. The study aimed to
provide simple measures and management practices for reducing salinity and water-
logging hazards and ultimately improving crop WP in the studied area. The focus of
experiments was on the methods of land preparation for irrigation, sowing methods
by the different adapted machines, and seeding rates. Changing of traditional
basin irrigation to a modern mixed system of border-basin irrigation method could
improve irrigation performance and will reduce applied water greatly and hence
could improve WP. Construction and provision of fixed and low-cost water intake
structures on farm ditches could have more impacts on the improvement of irriga-
tion performance as well. Optimum (modern) border irrigation and optimum basin
treatments had higher WPs (1.36 and 1.04 kg/m’, respectively) than the traditional
irrigation practiced by the farmers (0.61 kg/m?). Although the WP of optimum
border was highest, the basin irrigation method is suggested because this method is
more adaptive and sustainable in terms of acceptance by the local farmers.

Keywords: water, salinity, productivity, basin, border, crop, improvement, Karkheh

1. Introduction

Agriculture plays an important role in Iran’s economy. It accounts for 18% of
gross domestic product (GDP), 25% of employment, 85% of food requirements,
25% of non-oil exports, and 90% of input materials for the local industries [1].

The climate of Iran is very diverse, and great extremes are common features of it
due to its geographic location and highly varied topography. The major area of the
country (almost 90%) could be classified as arid to semiarid. Of the characteristic
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of such a climate are hot summers with the temperatures reaching up to 55°C in the
interior and southern parts. Evaporation demand is much higher than precipitation
in most areas of the country. Consequently, water resource management under
these conditions is an important issue and a great challenge especially in the agricul-
tural sector.

Despite reliance of the country on agriculture, especially irrigated agriculture,
water resources required for agricultural production are limited but provide a
vital input to agricultural production in Iran. Currently more than 93% of water
consumption (84 billion cubic meter; BCM) is used to irrigate 8.2 million hectares
(Mha) of lands. Considering the growing demand for water in industrial and
municipal sectors, combined with the environmental concerns, in the near future,
there will be lesser freshwater resources available for agriculture in the country.

The latest agricultural statistics reveal that Iran produced 77 million tons of
agricultural products from 84 BCM of water consumed. Therefore, currently
the average water productivity (WP) in agriculture is almost 0.92 kg/m’. This
value is quite low and necessitates the use of appropriate approaches for its
improvement [2].

Studies conducted on farmers’ fields in five regions in the country (Kerman,
Hamedan, Moghan, Golestan, and Khuzestan provinces) revealed that WP for the
irrigated wheat varies in the range of 0.56-1.46, sugar beet (0.59-1.28), sugarcane
(0.31), potato (1.45-3.0), silage corn (6.46), cotton (0.73), alfalfa (1.48), barley
(0.56), and chickpea (0.18) kg/m3 [3, 4]. Based on the review of 84 references on
values of WP during the past 25 years, it was found out that the average WPs of
wheat are about 1.09 kg/m3 [5].

However, there is no information available or accessible that addresses assess-
ment of WP in the Lower Karkheh River Basin (L-KRB). Preliminary estimates that
are based on farmers’ field visits and questionnaire on crop yield and applied water
suggest WP of irrigated wheat to be about 0.6 kg/m’ in this region.

Soil and water salinity are major threats and barriers to the optimal crop produc-
tion systems in most parts of the world, especially in arid and semiarid regions,
including Iran [6, 7]. The salinization of land and water resources has been the main
consequence of two factors including naturally occurring phenomena and anthro-
pogenic activities. The first factor has caused primary fossil salinity and/or sodicity,
while the second factor, which is more prominent, has caused human-induced or
secondary salinity and/or sodicity [8].

Soil and water resource salinities are the major threats to the crop production
and sustainability of natural resources, especially in irrigated agriculture based on
groundwater resources in Iran. Salt-affected soils are the major features of many
parts of the country, particularly in the Central Plateau, which is surrounded by
two main ranges of high mountains along with the northwest to northeast (Alborz
range) and northwest to southern parts and southeast (Zagros range).

Irrigated agriculture is the main cropping system in the country, while out of
which at least 4.1 Mha of 8.2 Mha of total irrigated lands (nearly 50%) suffer from
different levels of salinity and sodicity [9]. This is under conditions that irrigated
agriculture is the main focus of government plans for increasing agricultural
products and food security, especially in the recent decades.

Irrigated agriculture with low irrigation efficiencies has been one of the causes
of human-induced salinization of land and water resources. This phenomenon
has occurred mostly in unique topographic conditions of semi-closed or closed
intermountain basins where irrigated agriculture has been practiced for many
years. Distribution of land salinity in Iran is diverse. The extent and characteris-
tics of salt-affected soils in Iran have been investigated and are reported by several
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researches [10-14]. Overall, the slight to moderate salt-affected soils are mostly
formed on the piedmonts at the foot of the Elburz Mountains in the northern
part of the country, while the lands with severe to extreme degrees of salinity
are mostly located in the Central Plateau, Khuzestan province plains, Southern
Coastal Plains, and some parts of the Caspian Coastal Plains (mainly in Golestan
province in the northeast) [7].

Average yields of the common crops vary highly depending on the climatic
and soil and water conditions. However, because of many limiting factors, mainly
water and salinity stresses, the achieved yields are generally suboptimal. Average
crop yield losses due to salinity stress are estimated to be up to 50% in areas where
salinity is present [15].

Large areas of Iran suffer from salinity and sodicity hazards. Wide distribution
of such areas in the country reflects the fact that many factors are contribution to
this phenomenon. Indeed, the causes of soil salinity could be divided into natural
or primary causes and secondary or man-made causes. The natural causes include
geological and physiographic conditions, climatic conditions, and salt loads by
water. The man-made causes are mainly because of improper irrigation manage-
ment followed by waterlogging problems. Waterlogging is mostly occurring in
the irrigation networks developed under regulated waters, e.g., dams. Because of
water scarcity, especially in recent decades, the increased use of marginal brackish
waters for irrigation without required management also has worsened this problem
and is sparking the soil’s secondary salinization. Overall, the man-made causes of
soil salinity in Iran could be nominated as poor water management, use of saline
groundwater, over exploitation of groundwater, poor land preparation, fallowing
and overgrazing of lands, improper cropping pattern, and sea-water intrusion into
coastal areas.

Because of the importance of facing with salinity in agriculture of Iran, many
research projects are conducted specifically on salinity issues in the country till date.
These research projects cover some provinces or regions in the country facing with soil
and water salinity hazard, e.g., Yazd, Golestan, Fars, Khurasan, Khuzestan, Markazi,
Hormozgan (Bushehr), Moghan, Azerbaijan, Esfahan, and Qom. Very roughly it
could be stated that till now the majority of research projects conducted in the country
cover mainly the following areas including the extent of salt-affected soils, character-
istics of salt-affected soils, methods of reclamation of salt-affected soils, crop fertility
and productivity potentials of salt-affected soils, productivity of saline water used in
different parts of the country, amount and distribution of saline water resources (as
drainage water and groundwater resources), and quality of saline waters in regard to
the salts and other contaminants. However, very limited salinity research projects have
been conducted on the aspects of evaluation and improvement of WP under salinity
conditions in the country in general and in the L-KRB in specific.

Karkheh River Basin (KRB) is a typical and important basin in Iran regarding the
supply of water resources for the fertile plains and favorite climatic conditions for
productive agriculture in the downstream basin, mainly located in the Khuzestan
province. The other important characteristic of the KRB is that both dryland
and irrigated agricultural production systems exist in the basin. Water in KRB is
becoming scarcer because of climate change together with the population growth.
Therefore water demand, especially for the irrigated areas on the downstream basin
which are under intensive development, is increasing. The productivity of rainfed
agriculture is low, conventional irrigation management is poor, cropping systems
are suboptimal, and policies and institutions are weak [16]. Considering these inef-
ficiencies, improvement of water productivity in agricultural sector is a recent and
important policy of the country especially in KRB.
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In the upper KRB, the dryland agriculture prevails. The challenges for the rural
households in such areas are similar to the ones in other dryland areas, i.e., agri-
cultural options are limited, and wheat, barely, and pulses are dominant cropping
patterns in the landscape. Agricultural outputs are usually low and unstable, due
mainly to the resource degradation, drought spells, and climate change impacts
[16]. Irregular rainfall on poorly vegetated hill slopes results in severe soil ero-
sion, downstream flooding, and sedimentation. Consequently, the lifetime of
the Karkheh Reservoir Dam in the downstream basin is dwindling rapidly. These
environmental constraints combined with their economic problems make this
southwest corner of Iran one of the poor areas of the country with a high out-
migration rate [16].

KRB had been selected as one of the nine benchmark basins of the CGIAR
Challenge Program on Water and Food (CPWF"). One of the CPWF Phase 1
projects focuses on interventions for the improvement of on-farm agricultural
WP in KRB. This project was carried out jointly by the International Center for
Agricultural Research in the Dry Areas (ICARDA) and Agricultural Research,
Education and Extension Organization (AREEO) of Iran. The objectives of
the project were to develop biophysical interventions to improve the farm and
basin level of WP and sustainable management of the natural resources and to
develop appropriate policies and institutions supporting the project interven-
tions to help the poor communities for the improvement of their income and
livelihoods. Moreover, the project aimed at strengthening and enhancing the
capacity of the National Agricultural Research and Extension Systems (NARES)
of Iran.

KRB is becoming a water-scarce area, and droughts and climate change are becom-
ing permanent features of this region. Because of water scarcity and degradation of
land and water resources, livelihoods of rural communities are at stake. With the cur-
rent rate of deterioration of natural resources if no remediation is taken, the situation
will worsen in the near future. However, there are great potentials for the improvement
of land and water productivities in the KRB. Therefore KRB was well adapted to be a
pilot area for the development-oriented research activities to be implemented under
Phase 1 of CGIAR Challenge Program on Water and Food (CPWF). KRB situation
provided a unique opportunity for the CPWF to make an impact through improve-
ments in land and water productivities, which in turn will improve the livelihoods
of rural poor living in this basin. The issues of KRB have a great similarity with other
basins located in the similar hydrological conditions, e.g., West Asia and North Africa
(WANA) region.

This chapter provides an overview of the soil and water potential of the L-KRB
and the salinity and waterlogging constraints to agricultural production and
agricultural WP improvement under saline areas of L-KRB. The findings are mostly
based on the research results conducted during the CPWF Phase 1 comprehensive
project in KRB.

! The Challenge Program on Water and Food (CPWF) is one of the pilot programs designed to reinvent
the business model for the CGIAR. The CPWF was launched in 2002 as a reform initiative of the CGIAR,
the Consultative Group on International Agricultural Research. CPWF aims to increase the resilience of
social and ecological systems through better water management for food production (crops, fisheries,
and livestock). CPWF does this through an innovative research and development approach that brings
together a broad range of scientists, development specialists, policymakers, and communities to address
the challenges of food security, poverty, and water scarcity. CPWF Phase 1 worked in nine river basins
globally: Andean system of basins, Indo-Gangetic, Limpopo, Mekong, Nile River, Yellow River, Sao
Francisco, Volta, and Karkheh River Basin.
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2. Karkheh River Basin characteristics

KRB is located in the west to southwest of Zagros ranges in Iran (Figure1). It
islocated between 56°, 34'-58°, 30’ north latitude and 46°, 06'-49°, 10" longitude.
The area of the basin (inside Iran) is 50,764 square kilometers (km?). Out of which
27,645 km? are mountains and 23,119 km? are plains and hills. The mountainous
areas of KRB are mostly in the eastern and central parts. The plains are mostly in the
northern and southern parts and cover almost 45% of the basin area. Hypsometric
studies indicate that 75% of the basin is located in altitudes of 1000-2000 and 0.6%
of the basin is above 2500 m altitude.

The Karkheh River arises from the confluence of numerous large and small
tributaries including the three large rivers, namely, Gamasiyab, Ghareh-So, and
Kashkan. The Karkheh River has various names along its route and is locally best
known as the Saymareh River at the point where the Gamasiyab and Ghareh-So
Rivers combine, and later the point where the Kashkan River flows into the main
waterway is known as the Karkheh River. When approaching to the Khuzestan
province hypsometric and slope of the basin decrees and gently the river ultimately
flows into the Hawr-al-Azim (HAA) wetland at the basin outlet. Therefore KRB
could be classified as a closed basin.

Based on general hydrological classification of basins in Iran, the KRB is consid-
ered as one of the sub-basins of the Persian Gulf Great Basin.

The pattern of precipitation in KRB is affected by Mediterranean regime. It means
that the dry season is coinciding with summer and rainy season match with cold
months. The rainfall distribution in the basin is very scatter, but most of the rain falls
in winter and autumn seasons. The annual precipitation of the basin is 219 mm in
Hamidieh (in L-KRB) to 765 mm in the northern dryland farming areas (in upper KRB).

Based on climatic maps, the hottest areas of the basin are located in its southern
parts (L-KRB) and are surrounded by the 25°C iso-temperature (isohyets) contours.
The coldest areas of the basin are located in altitude higher than 3000 m and are
mostly located in the north and northeast of the basin and are surrounded by the
5°C isohyets’ contour map.

Evaporation in KRB varies between 1800 and 3600 mm depending on the
altitude. For example, it is around 3561 mm in Abdul-Khan Station in an altitude of
40 m in L-KRB. Almost 79% of annual evaporation occurs from May to September.

-

Figure 1.
Geographical location and boundaries of KRB.

179



Multifunctionality and Impacts of Organic and Conventional Agriculture

In KRB both surface and groundwater resources are used. Based on data,
in 1994, the share of total agricultural water uses from both resources was 3.92
BCM. The agricultural water consumption till completion of the ongoing water
works could be increased to 7.43 BCM (90% increase).

The water resources of the basin in general have a good quality. However, the
quality of groundwater in the Southern plains deteriorates to some extent. The
potential of surface water resources of KRB is 7.4 BCM. In wet years it can be
doubled, and in dry years, it can be reduced to half. Agricultural water withdrawn
in KRB is 3.96 BCM (in year 1994). Out of which 36.8% is supplied from groundwa-
ter and 63.2% is supplied from surface water resources.

Plains of L-KRB are the highest consumer of surface water resources. Based
on year 1994 statistics, out of different plains of KRB, Azadegan plain (Dasht-e
Azadegan, DA) with 662 MCM water consumption is the greatest consumer of
water in the basin. This plain also is the greatest consumer (660.2 MCM) of surface
water in the basin.

Based on year 1994 statistics, out of 41574 MCM consumed water resources,
2504.6 MCM (60.2%) were from surface water, and 1653 MCM (39.8%) from
groundwater resources. Out of the total consumption, share of rural, urban,
industry and mining, and fishery consumptions was 1.23, 3.93, 0.32, and 0.35 BCM,
respectively. The share of agricultural water uses this year was 94.2%. The share
of agricultural water consumption in the basin is the highest. The sums of indus-
trial and mining consumptions are very low and just consist 0.32% of total water
consumptions. Therefore, from the aspects of water resources’ uses, the KRB could
be defined as an agricultural basin.

Two major agricultural production systems prevail in the KRB. The dryland sys-
tem prevails in the upstream areas (upper KRB), while the fully irrigated areas are
located in some part of upstream and mainly in downstream of the KRB (L-KRB).
The dryland areas are well established and cover most of the basin agricultural
lands, occupying 894,125 ha, whereas irrigated lands occupy 578,862 ha but are
expected to expand up to 340,000 ha following the completion of irrigation and
drainage networks under Karkheh reservoir Dam [16].

Owing to the different flowing rivers, abundant water resources, fertile lands,
and sufficient extraterrestrial energy, Khuzestan province in the southwest Iran is
one of the potentially most suitable regions for agricultural production. However,
salinization of land and water resources has become a serious threat to the efficient
use of agricultural lands. It is estimated that out of the total 6.7 Mha of the province,
1.2-1.5 Mha (18-22% of total area) are faced with the conjunctive problems of soil
salinization and waterlogging [16].

The next agricultural production system in the KRB is irrigated agriculture.
It is estimated that about 1 Mha of land are irrigable in KRB. Out of which
about 380,000 ha are currently under cultivation [16]. About 340,000 ha of
additional available arable lands will be brought under irrigation following the
completion of irrigation and drainage networks under Karkheh Reservoir in
L-KRB [16].

The drainage outlet of the KRB is the HAA wetland along with the Iran-Iraq
border (Figure 2). At present, there are very limited modern irrigation and drain-
age networks under operation within the L-KRB. However, the networks are under
completion, and irrigated agriculture is developing gradually [17]. The government
has started construction of irrigation and drainage networks, especially on the
tertiary canal level, with the goal of improving on-farm water management and
modernization of traditional irrigation networks. The focuses of these activities are
the arable lands under the Karkheh Reservoir and in pilot projects such as DA plains
in the southern parts of the L-KRB (Figure 2).
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Figure 2.
Karkheh River Basin (KRB) and Dasht-e-Azadegan (DA) region in the L-KRB.

In the L-KRB because of the differences in factors affecting agricultural WP
in the northern and southern parts, two distinct regions can be identified. In the
northern part, there are no serious limiting factors in regard to soil and water qual-
ity. In this part improving farmer’s skills and use of appropriate farming systems
can improve WP sufficiently. Shortfalls in water supply and excess irrigation water
losses, mainly in earthen canals, cause low WPs of cultivated crops in this area.
Extension of new farming systems, e.g., pressurized irrigation and land preparation
methods (e.g., raised-bed and double-row cropping systems, etc.), could be some
useful approaches for improving WP in the area. Overall in this part, successful
introduction and implementation of new farming systems and technologies in
accordance with other agricultural services could be effective ways for crop WP
improvement.

In the southern parts of L-KRB, heavy soil texture and subsurface water
recharge from upstream areas cause natural condition for waterlogging. This
situation is more induced by deep percolation losses resulting from low irrigation
efficiencies of irrigated lands in the area.

The available soil data indicate that the majority of arable lands in L-KRB
possess with various degrees of limitations. However, soil salinity, waterlogging,
lack of soil organic matter, soil structural deterioration, intrinsic low perme-
ability, and low infiltration rate caused by soil compaction are the main factors
limiting economic and sustainable crop production of the irrigated lands in this
area [16].

Waterlogging and soil salinity are the main causes of inefficiencies in achiev-
ing high WPs and are threats to sustainable agricultural production in the
L-KRB. Major factors causing soil salinization in the L-KRB could be classified as
follows [18-20]: shallow water table, existence of salt containing soil layers, inad-
equate natural drainage, inadequate artificial drainage networks, high evaporation
demand of the climate, salt intrusions by wind, and salty sediment transport
during flood periods.

In the southern parts of L-KRB, mainly DA plain, available data and surveys
show that the problem of soil salinity is intensified because of deficiencies in farm-
ers’ knowledge and skills and lack of new and improved farming practices.

In general, the main cause of soil salinity in the L-KRB is high water table which
is often less than below 2.0 m from soil surface and usually varies between 1.2 and
3.0 m below the soil surface. If sufficient developments of drainage networks are
not provided, the problem will be worsened considering the coming development
plans with the aim of expansion of new irrigation networks.
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The total rainfall in Susangerd and Bostan towns’ climatological stations are 180
and 200 millimeter, respectively. The agricultural service centers also are equipped
with rain gauges.

Current crops in Azadegan Plain in southern L-KRB include cereals (such as
wheat, barely, rice), vegetables (such as melon, watermelon, tomato, cucumber,
eggplant, okra, lettuce, cabbage, carrot, radish, onion, etc.), grains such as beans,
and fodder crops (such as alfalfa, barely, maize, and sorghum). More than 78% of
agricultural production in Azadegan Plain is dominated by grains, mainly wheat
and barley [16, 21]. This is because of soil salinity and sodicity with high toxic
elements which makes serious limitation for cultivation of other crops. Currently
water supply limitations, agriculture economy (guaranteed purchase of with by
the government), and security problems in the region (wheat need less labor, less
irrigation, and in overall less need for the stay of farmer in his land) are some other
reasons for the farmers’ higher interests on wheat cultivation.

The main challenge of agriculture in this region is waterlogging and soil salin-
ity. Waterlogging and secondary soil salinization occur in a certain period of the
year. For example, early November is planting date of wheat cultivation system in
DA. Late November is the first irrigation for land preparation, and the harvest time
is in late May. Deep percolation losses of irrigation during this period cause rises
in water table. The peak of water table rise is in February. The salinity [Electrical
conductivity (EC)] of shallow groundwater and EC of irrigation water in this area
are about 6-9 and 3 dS/m, respectively. The highest depth of water table depth is
between 0 and 1.2 m. Operation of main drains has started in recent decade (in
2003), and their outlet is HAA Wetland in the border of Iran-Iraq [16].

3. Amelioration and management approaches for improving WP in the
saline areas of lower KRB

There is no doubt that one of the most important requirements for the reclamation
of lands in the L-KRB is installation of adequate drainage network for the entire irrigated
area. Installation of drainage network is a fundamental solution to improve the quality of
salt-affected soils in the L-KRB. Drainage system will reduce the adverse effects of shal-
low water table and waterlogging issues in the agricultural lands. Hence it will contribute
to the improvement of crop production and crop WP. Promising efforts have been initi-
ated by the government in this regard, but still the progress is low and very costly.

To avoid further salinization of agricultural lands and to ameliorate the current
situation, the communities and agricultural agencies are called to apply sound
management practices until adequate drainage systems are installed.

One of the most important prerequisites to enable sustainable crop production in the
area is the development of a monitoring network for observing the effect of different
management practices on the salt content of groundwater as well as the salt and water
balance of the crop’s root zone. The regular monitoring and data acquisition will provide
the database required for providing the best measures to prevent restoration of soil and
water salinity and secondary salinization of the crop root zone. Moreover, water and salt
balance studies at the watershed level will increase the capability to predict the role of
any hydrological impacts on the fate and behavior of catchments’ salinity.

Salinity and depth to shallow water table in DA were monitored in observation
wells during November 2003 to April 2004 [18, 19]. There was a large variation
in salinity of groundwater ranging between 4 and 100 dS/m. No trend of salinity
changes throughout the study area was found. However, trend of groundwater
salinity changes may partly be explained in regard to the soil texture variation in
a manner that was lower in light-textured soils than that of heavier textured ones.
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Also salinity was lower in the vicinity of the river tributary than those further away
from the river. The depth to water table was lowest in April as a result of deep perco-
lation from winter rains, excess irrigation of fields, river floods, and seepage from
earthen channels. The depth to water table reaches its maximum in September due
to high evaporation during the hot dry summer. This pattern seems to repeat itself
throughout the years resulting in accumulation of salt in the top surface soil layer.

Generally saying, the agricultural cropping systems and practices in the area are
suboptimal. But there are great scopes and opportunities for their improvement. At
present, the crop varieties used by the farmers are not adapted to the prevailing soil
conditions, and significant improvements in crop production could be realized by
introducing or applying of salt-tolerant crop varieties and species. As already noted
the majority of the cultivated areas (almost 90%) are allocated to the winter wheat.
The average yields of its two cultivated varieties grown, i.e., Chamran and Verinak,
are low and about 2 tons/ha. Introducing and testing of high-yielding varieties to
the area available in the country may respond well and be promising. Some salt-
tolerant varieties such as Kavir, Bam, and Sistan were tested as part of the CPWF
projects for improving WP in the area, and the results were promising.

Appropriate irrigation schedules based on soil moisture depletion or climatic
data, and improvement of irrigation efficiency, would prevent excess losses of
irrigation water into the subsoil or groundwater. Land leveling could improve water
distribution in the field and prevent waterlogging problems. More attention should
be paid to the irrigation systems. Efficiency of irrigation water application should
be increased, and water should be applied more uniformly along the field [18, 19].
Some of these measures are tested in the field as part of the CPWF project, and the
obtained results are given and elaborated in the next sections.

Another important issue limiting crop production in the area is the accumulation
of salt in the top soil. This phenomenon mainly occurs during the fallow period, when
the soil is uncultivated and the farm is left for the next cropping season. Conducting
soil leaching activities prior to the sowing and land preparation activities could reduce
the soil surface salinity. Therefore, it will ameliorate the adverse effects of salt stress
on crop establishment especially in the early stages of crop growth. Other suitable
practices are mulching with crop residues, adding organic matters to the soil, selection
of suitable crop rotations, and implementation of proper cropping patterns [18, 19].

4. Determination and evaluation of water productivity

As improvement of WP and identification of its sources of inefficiencies are set
as one of the top priorities in Iran, especially in KRB, some studies were conducted
in the downstream areas of L-KRB located in the DA plain in the Khuzestan prov-
ince (Figure 3).

The main objectives of these studies were to determine and evaluate WP of
irrigated wheat, as a major cultivated crop in DA. Moreover some recommenda-
tions and simply applicable management approaches for the better management of
irrigation practices and the amelioration of salinity-waterlogging hazards on crop
yield and WP were suggested.

The researches were conducted in seven farmers’ fields, typical of the farms in
the region and during cropping season of 2006-2007. In Figure 3 location of the
selected fields is demonstrated.

The measured parameters were irrigation water inflows and runoffs; soil
texture; soil and water salinity; soil and water pHs; soil organic matter; the P, K, Fe,
Mn, Zn, and Cu elements of the soil profile; depth and quality (EC) of groundwater
during growth season; and finally crop yield.
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Figure 3.
The study area and location of the selected fields.

Table 1 shows some soil and water characteristics of the studied farms measured
prior to the planting stage. Crop yield and yield components were measured through
20 field samples before harvest. The amount of applied irrigation water was mea-
sured by using Washington State College flume (WSC) flumes of different types. The
irrigation intervals were the same as practiced by the farmers in the selected area.

WPs of wheat crop were calculated using the measured total applied waters and
measured crop yields. The results are shown in Table 2.

The range of WP in the country is generally wide, and for the wheat crop, it is
between 0.56 and 1.46 kg/m3 [3, 4]. Analysis of measured WPs in the DA area also
indicates that the range of WP values is relatively high and varies between 0.24 and
0.86 kg/m3 (Table 2).

Results indicated that in general by increasing the farm sizes the amount of
water consumed per hectare increases. This fact indicates the higher problems asso-
ciated with irrigation water management in larger field sizes. The lack of required
equipment and facilities, lack of farmer’s skills, and shortfalls in proper land level-
ing have led to higher water losses and hence higher water applications (even three
times more) in the larger farm sizes.

Farm Area Soil EC (dS/m) (30 cm Depth of water EC of ground water
code (ha) texture depth) table (cm) (dS/m)
F1 1.05 SiL 26.4 105 8.8
F2 147 SiCL 10 205 39
F3 4.49 CL 526 180 715
F4 344 C 17 195 31
F5 173 C 21.5 182 48
F6 046 SiC 213 173 46
F7 5.24 C 10.5 213 8.7
Table 1.

Some soil and water characteristics of the selected fields.
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Farm code Water applied (m>/ha) ET (mm) Yield (kg/ha) WUE (kg/m3)
F1 3109 517 2392 0.77
F2 3460 522 1022 0.30
F3 2062 477 1336 0.65
F4 3792 505 1453 0.38
F5 3527 553 3032 0.86
F6 2311 553 4851 2.09
F7 5933 517 1431 0.24
Table 2.

Applied waters, crop yields, and WPs of wheat in different fields.

Evaluation of the relationships between WP and applied water, yield, initial soil
salinity, initial groundwater salinity, groundwater depth, and farm sizes of the selected
fields indicated that there was no clear and distinct correlation between WP and these
factors in all cases. In other words, a combination of these factors is affecting WP, and
meanwhile managerial factors are more prominent than the basic physical factors.
Consequently, sources of inefficiencies and the limiting factors affecting WP in south-
ern part of L-KRB are complex and can be categorized into four main factors as follows:

* Sociocultural problems governing the area and causing low motivation for
investment in irrigation management and on-farm improvement activities by
the farmers

* Hindering factors that are out of the farmer’s management control and author-
ity (e.g., irrigation intervals and rationing) and shortage of agricultural inputs
(e.g., fertilizers, other agrochemicals, equipment and machineries, etc.)

* Infrastructure limitations and lack of technical supports (e.g., inadequate
drainage, no reclamation activities, and incomplete irrigation and drainage
networks) that need extensive planning and investments and should be sup-
ported more by the government

* Managerial issues and limitations whose solutions are simple and do not need
much investments and could be accomplished easily

The results indicated that the issues and challenges hindering improvement of
WP in all the selected fields are not the same and vary depending on the farmer’s
characteristics, the farmer’s management, and the location of the farms. Some of
these limitations and issues are elaborated below:

Traditional common irrigation practice in the area is a combination of border-
basin irrigation methods. It consists of the long borders (till 400 m) which are
divided into different basins (12-15 in wide). Every basin receives its own water
from the previous basin. The applied water remains for a long time in the first
basins before flowing into the next one (Figure 4). This causes stagnation of water
in the basin for a long period and stuffiness of the cultivated seeds. As usual the
inflow rates to the plots are too high, and there are soil erosions, soil movements,
and washing off of the cultivated seeds.

As there is not enough control on irrigation cutoff time, large amounts
of outflows concentrate in the lower parts of the plots and create surface
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The traditional (left) and recommended optimum border-basin irvigation (vight) methods.

Figure 4.

waterlogging problems. Recommend that by using a farm ditch alongside the
border and construction of proper intakes, each basin to receive its inflow water
individually (Figure 4).

Water intake and proper conduct of water into the irrigation plots is another
issue. Farmers should pay high efforts to control the inflow, and this makes waste
of the irrigation time. Consequently it causes poor water management and waste
of water. Recommend that by construction of temporary and low-cost intake
structures (gates), water intake and hence water management to be facilitated and
improved.

Improper shaping of the plots in accordance with the land slope causes uneven
water distribution in the basins.

Improper land preparation and agronomic practices (weed control, planting
date, etc.) are some inefficiencies and shortfalls in regard to the crop production
and improvement of WP in the studied area.

Considering the above limitations and issues, the following solutions and mea-
sures are recommended for improving WP in the saline areas of L-KRB:

* Conversion of traditional common irrigation practices to proper modern basin-
border irrigation methods

¢ Construction of fixed and low-cost water intake structures on farm ditches
* Proper land leveling and bedding according to the farm slope
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* Application of on-farm management improvement instructions provided by
the rural extension services

* Conduct of training programs for the farmers and supervision of the farms by
irrigation experts in order to provide required guidance for the upgrading of
irrigation management and performances

* Provision of the required structures and enabling conditions for the volumetric
allocation of water to the farmers and implementation of proper cropping patterns

5. Evaluation of the best management practices for improving WP in the
salt-prone areas of lower KRB

The main objective of this section is to find out cost-effective and short-term
solutions for enhancing WP under salinity conditions. According to this necessity,
the following targets were identified for the saline areas of L-KRB:

* Identification of simple management practices for reducing soil salinity stress
and improving agricultural WP

* Determination and comparison of WP values under different irrigation
managements, i.e., traditional vs. improved border-basin irrigation methods
(Figure 4)

* Recognition of the effects of different cultivation/sowing methods on wheat’s
WP in the area

The experiments were conducted during cropping season of 2006-2007 in DA
plain in L-KRB. The experimental area was located between 47° 55’ to 48° 30’ E
longitude and 31° 15’ to 31° 45’ N latitude, and it is about 3-12 m above the mean sea
level. Soil texture was silty clay loam (SCL) to clay loam (CL). Soil’s average pH was
7.8, and average soil salinity at the depth of 0-90 cm was 10.5 dS/m. Sowing was
done in November and the crop was harvested in May.

The source of irrigation water was Karkheh River. The EC of groundwater and
irrigation waters were 11.3 and 1.4 dS/m, respectively.

Groundwater depth at the early stages of the growth season (in winter) and
before the start of rainfalls and irrigation season was at the depth of 2.4 m. It was
gradually raised by the start of irrigation events and changed from 35 to 98 cm from
soil surface during the growth season.

The experimental treatments were as follows [19]:

T, . Border irrigation + sowing by centrifugal broadcaster + one pass disk.

T,. Border irrigation + sowing by seed drill (Taka type).

T; . Border irrigation + sowing by three-row bed seeder (Barzegar-e Hamedani type).
T, . Basin irrigation + sowing by centrifugal broadcaster + one pass disk.

Ts . Basin irrigation + sowing by seed drill machine (Taka type).

Te . Basin irrigation + sowing by three-row bed seeder (Barzegar-e Hamedani type).
T, . Traditional irrigation and sowing method by farmer (as control).

Dimensions of plots for the T1, T2, treatments (border irrigation) were 160 m x
10 m, while the plot dimensions of plots for the T4, T5, treatments (basin irrigation)
were 40 m x 10 m. The selected dimensions were optimal sizes and were selected
based on US Soil Conservation Service (SCS) criteria.
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The control treatment, i.e., traditional irrigation method, was a combination of
basin-border irrigation method practices by the local farmers (Figure 4). Local farm-
ers choose the farm borders’ length according to their farm dimensions which are usu-
ally between 100 and 400 m. The border’s width usually ranges between 5 and 14 m.
The farmers divide borders to several small basins with 30-70 m length, depending
on their farm topography (Figure 4). In every irrigation event, they fill the first basin
and then water transfers to the next one, and this process continues until filling of the
last basin and completion of the irrigation in the irrigation border (Figure 4).

All the treatments were sown by the Chamran wheat seed variety. In treatments
T, and Ty, the seeds were sown by centrifugal broadcaster machine, and the seed-
ing rate was 240 kg/ha. In other treatments (T, T3, Ts, T¢), two seeding machine
types, i.e., seed drill machine (Taka type) sowed the seeds for the T, and Ts, and the
three-row bed seeder (Barzegar-e Hamedani type) sowed the seed for the T; and
Te treatments. The seeding rate for these treatments was 180 kg/ha. In the control
treatment (T.), which was sown by centrifugal broadcaster and managed by the
farmer, the seed rate was 350 kg/ha.

In all treatments except control, the optimized irrigation management (Figure 4)
was practiced. Other farming practices were the same for all the treatments.

In Table 3 and Figure 5, some soil chemical characteristics measured prior to
the planting date and fluctuations of water table depths (average of three points)
during the cropping season are presented, respectively.

Crop yield and yield components were measured through sampling methods.
Prior to harvest 20 soil samples were taken from the field. Volume of applied irrigation
water was measured using WSC flumes. Interval and the number of irrigation events
for the farmer’s managed and optimum irrigation management treatments (Figure 4)
were the same. In fact, the difference was in how to manage irrigation water and the
methods of water application, which directly affected volume of consumed water.

The results indicated that the border irrigation with centrifugal sowing method
(T1) provided the highest WP (1.6 kg/m3) (Table 4).

The optimum border irrigation had the maximum WP (1.36 kg/m?), while the
control treatment (traditional border-basin irrigation method under centrifugal
sowing with 350 kg seed used) provided the minimum one, i.e., WP equal to
0.61 kg/m’ (Table 4).

There was no significant difference (a = 0.05) in yields between the treat-
ments with the control. Although the consumption of seed used in both Taka and
Barzegar-e Hamedani sowing methods was 50% less than the centrifugal broadcast-
ing method, the seed germination percentage was more in these sowing methods
(Table5).

Either “improved basin” or “border irrigation” methods could be recommended
for the improvements of water management and WP in the L-KRB area. However,
the basin irrigation method (Figure 4) is more adaptive and sustainable in terms of
acceptance by the local farmers for the following reasons:

Soil EC pH ocC P K Fe Zn Cu Mg

depth

(cm) (dS/m) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

0-30 111 77 0.4 51 166 3.8 1.3 06 5.2

30-60 9 79 0.1 22 887 2.5 0.1 0.4 12

60-90 114 79 01 1.8 59 32 01 0.5 15
Table 3.

Some soil chemical characteristics measured prior to the planting date.
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Variation of the groundwater depth during growth season.

Irrigation Sowing method Yield Applied WP WP (avg. of
method (kg/ water (kg/ irrigation
ha) (m*ha) m’) treatments) (kg/m3 )
Basin-border Centrifugal (350 kg 1953 3205 0.61 0.61
(farmer) seed/ha)
Optimum Centrifugal (250 kg 2590 1618 1.60 1.36
border seed/ha)
Taka (180 kg/ha) 2434 1774 1.37
Barzegar-e Hamedani 1901 1729 1.10
(180 kg/ha)
Optimum Centrifugal (250 kg 2730 2394 114 1.04
basin seed/ha)
Taka (180 kg seed/ha) 2521 2417 1.04
Barzegar-e Hamedani 2198 2344 0.94
(180 kg seed/ha)
Table 4.

Yield, water applied, and WP of the selected treatments [19].

189

Basin irrigation method requires low levels of land leveling and uniform slope
along the irrigation dimensions of plots for the T1, T2.

Basin irrigation method is more adaptive to the farm micro relief caused by
common cultivation practices.

Basin irrigation method is more adaptive to the sociocultural conditions of the
area.

Basin irrigation method requires less labor (considering shortages in agricul-
tural labor in the area).

Considering shortfalls and/or lack of land leveling and low levels of on-farm
improvement activities in the area at present situation, the basin irrigation
method is the most adapted method to this condition.
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Irrigation Sowing method Seed Number Sprouting Yield
method consumption of shrub percentage (kg/
rate (kg/ha) inm? (%) ha)
Basin-border Centrifugal 350 247 34 1953
(farmer) (350 kg/ha)
Optimum Centrifugal 250 341 56 2308
border (250 kg/ha)
Taka (180 kg/ha) 180 262 60
Barzegar-e 180 286 65
Hamedani (180 kg/
ha)
Optimum Centrifugal 250 387 63 2483
basin (250 kg/ha)
Taka (180 kg/ha) 180 332 75
Barzegar-e 180 353 80
Hamedani (180 kg/
ha)
Table 5.

Seed consumption, number of shrub, and sprouting percentage of the treatments [19].

* Basin irrigation method requires less control on flow considering high rate of
variation in channel discharges and high rate of flow control requirements.

* Basin irrigation method has the advantage of providing pre-cultivation leach-
ing opportunities, considering high levels of salinity and its variation in the
wheat farms of the area.

Because of 50% reduction in seed consumption, the high rate of seed germina-
tion, and better flow of water, the use of seed drill machine (Taka type) or the
three-row bed seeder (Barzegar-e Hamedani type) is recommended.

6. Summary and conclusions

Soil and water salinization are the most serious hindering factors on the improve-
ment of WP, enhancement of agricultural production, and sustainability of natural
resources in Iran and especially in L-KRB. The existence of vast areas with saline sodic
conditions in various parts of the country especially in L-KRB reflects the fact that
there are many factors affecting this phenomenon, and it should pay enough attention.

The soil texture in the area is mainly heavy textured and with low hydraulic
conductivity. Natural drainage is very low, and the potentials for soil waterlog-
ging followed by salinity hazard are high. Consequently agricultural production is
suboptimal and crop WPs are low. Under these conditions installation of drainage
networks may seem as a rapid solution for the removal of salinity and waterlogging
problems, but simple and cost-effective water and crop managerial measures also
have their own importance and merits.

The government’s huge investments in the expansion of irrigation networks in
the L-KRB and future increase on applied water for agricultural activities will cause
extreme changes in the surface and groundwater hydrology and in overall climatic
parameters of the region. It is expected that without consideration of required arrange-
ments, e.g., development of drainage networks and on-farm improvements activities,
the problems of land salinity and waterlogging will be intensified in the future.
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However, the trend of previous activities in this regard indicates that the rate of
expansion of drainage networks is low. Therefore immediate actions are required
for the mitigation of salinity and waterlogging hazards and for the improvement
of crop WP in the L-KRB. At current condition this could be tackled by soil, water,
and crop management activities such as assessment of current WP values, rec-
ognition of sources of inefficiencies on improvement of crop WPs, improvement
of irrigation efficiencies, more use of salt-tolerant crop varieties, land leveling,
changing of irrigation methods, changes in cropping patterns, and other on-farm
improvement activities.

Waterlogging and soil salinity are the major threats to WP and sustainable agri-
cultural production in the L-KRB. These problems are somehow because of physical
characteristics of the region (heavy soil texture, high evaporation demand, low soil
hydraulic gradient, etc.) but are mainly man-made problems. These challenging
issues could be managed by proper measures and approaches including infrastruc-
ture activities (hardware) and to a greater extent by proper on-farm water manage-
ment (software) measures.

Hardware measures may include completion of drainage networks and comple-
tion of farm canals (tertiary-level networks). The Ministry of Energy recently
has emphasized this critical need in the government body in an attempt to obtain
enough authority and resources to complete the irrigation and drainage networks in
the country and in parallel to the Ministry of Agriculture.

Software measures include application of new approaches and tools such as
the use of proper models relevant to the study of the issues at plant, farm, system,
and basin levels, preparation and implementation of comprehensive plans at the
basin level, conducting detailed or semi-detailed studies at the basin level and
development of well-defined strategies and policies for water management in the
Khuzestan province, and especially in the L-KRB, where two thirds of the country’s
water recourses flows at this province.

Recently the government has received the importance of water users and
basin stakeholder participation in better management of water. Hence Water User
Association (WUA) is developing irrigation networks, and the work is in process.
However, the levels of their success to achieve their goals and their effects on WP
improvement and performance of the irrigation networks vary much and need
more research and evaluations in this regard.

Water scarcity and soil and water salinities in the arid regions such as L-KRB
and all of the aforementioned issues suggest that the water in the agricultural sector
should be consumed efficiently. The most important way to achieve this objective,
especially in the L-KRB, is the improvement of agricultural WP index.

Research studies related to water table management, soil salinity control,
irrigation water management, selection of suitable crop varieties, and improved
agronomic practices will help to improve agricultural WP and farmer’s livelihoods
in the L-KRB. Waterlogging and resource salinity are major threats to WP enhance-
ment and sustainable agricultural production in the L-KRB. Therefore sound and
adaptive measures and solutions are required for this region. The KRB reflects in
many aspects the problems and challenges associated with the water management
and crop production in other arid to semiarid regions of the world. Therefore, it was
intended by the CPWF to link the work studies in KRB with the Euphrates and Amu
Darya river basins, which have been postponed to the next phase of the CGIAR
Challenge Program on Water and Food (CPWF).

Overall, soil salinity and waterlogging, in addition to the other sources of
inefficiencies in agricultural WP improvements, are the major limiting factors in
the L-KRB. The causes to these hindering factors are somewhat because of physical
characteristics of the region, but they are mainly man-made problems which could
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be managed easily with low costs using proper measures and approaches including
infrastructure activities (hardware) and to a greater extent by the water and crop
management (software) measures.
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