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Abstract

Organic production systems are based on natural processes, the use of local feed resour‐
ces, and the maintenance of biodiversity in all senses. Several studies have noted the posi‐
tive effects of organic sheep milk production systems on animal welfare, animal health,
product quality, and environmental impact. On the other hand, it has been reported that
dairy sheep organic farms show lower milk yields and increase the susceptibility to envi‐
ronmental impacts compared with conventional farms. The standards that regulate feed‐
ing management in organic systems are one of the most critical factors that influence milk
production performance. Lower milk production is also associated with poor ability to
adapt specialized dairy breeds to organic management, low genetic potential for milk
production in native and local breeds, and elevated dependence on environmental condi‐
tions. However, the aim of organic dairy production is not to reach maximum dairy pro‐
ductivity but rather to integrate animal and crop production and to develop a symbiotic
relationship between recyclable and renewable resources; furthermore, organic produc‐
tion positively affects the employment rate and quality of life in rural communities. Or‐
ganic dairy sheep production is one means of improving the balance between society’s
demand for food and the ecological impact of the agro-alimentary industry.

Keywords: Sheep, milk production, organic system, sustainability

1. Introduction: A brief overview of organic farming

Society’s demand for foodstuffs is growing at a higher rate than current levels of production
due to population growth and the rise in average income. According to the FAO, “food security
exists when all the people, at all times, have physical, social and economic access to sufficient,
safe and nutritious food.” Over the last few years, some consumers have expressed increasing
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concern regarding the origins of their food, its social and ecological impacts, and the fairness
of its production. These customers prefer organic products, based on their perception that
organic farming generates benefits associated with animal welfare, food quality, food safety,
environmental concerns, and community development [1].

Due to its agro-ecological and holistic approaches and the competitive prices for organic
products in the market, organic farming has developed into a small but important sector in
agricultural production [2]. In 2012 alone, the “organic market” was worth approximately 50
billion euros. The International Federation of Organic Agriculture Movements (INFOAM) [3]
reported that in 2012 some 37.5 million hectares of land were dedicated to organic agriculture,
which represented 0.87% of total agricultural land. Australia is the country with the largest
area used in organic agriculture, with 12 million hectares, followed by Argentina (3.19 million
ha) and the USA (2.2 million ha) (Figure 1).

Figure 1. Countries with the largest areas of land dedicated to organic agriculture [4].

The quantity of land dedicated to organic agriculture appears to be small; however, at the local
level in several countries, the impact of organic systems is very important. Although small‐
holder farms grow 70% of the world’s food, 50% of those without food security are small-scale
farmers from underdeveloped and developing countries [5]. Smallholder organic farmers from
developing countries account for 73% of land certified for organic production [3]. These
producers use organic techniques in soil and water and holistic management, practices that
allow them to be productive, achieve food security, and increase their incomes. Ayuya et al.
[6] note that organic certified smallholders are less likely to suffer multidimensional poverty
compared with conventional producers.

There are an estimated two million certified organic farmers worldwide; of this total, producers
in developing countries account for 80%: 34% in Africa, 29% in Asia, and 17% in Latin America
[7]. The countries with the highest numbers of organic producers are India (650,000 producers),
Uganda (189,610 producers), and Mexico (169,703 producers) [5] (Figure 2). Some countries,
such as India, Ethiopia, Mexico, and Uganda, have promoted the participation of smallholder
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farmers in the organic market, through certification schemes such as “group certifications”
and the so-called participatory guarantee systems, which link organic producers to interna‐
tional and domestic markets. Organic agriculture, therefore, represents an option to improve
agro-ecological, social, and economic conditions in developing countries and emerging
markets.

The cycle of production–consumption of certified organic products can be observed mainly in
regions with high purchasing power, where consumers are able to pay the price premium of
such products. In this sense, the main consuming countries of organic products are industri‐
alized countries; the leader in organic food retail sales is the USA, with 22,590 million euros
annually, followed by Germany (€7,040 million/year), France (€4,004 million/year), Canada
(€2,136 million/year), and the UK (€1,950 million/year). Developed countries also have the
highest consumption per capita of organic products, led by Switzerland (€189.1/year),
Denmark (€165.8/year), and Luxembourg (€143.0/year) [4].

1.1. Organic livestock production

Organic livestock production is a holistic system aimed at the integration of animal and crop
production and the development of a symbiotic relationship of recyclable and renewable
resources [8–10]. The grassland and grazing areas used by organic livestock activity represent
two-thirds (27 million hectares) of agricultural organic land; this reflects the importance of
animal production within the organic production industry [4].

Organic livestock farming involves radical changes in production processes related with major
attention to health and animal welfare, environmental conservation, quality, and food safety
[10]. The diversity of organic livestock farms relies not only on natural local resources, animals
used, climatic conditions, products manufactured, and commercialization but also on the
production and farming strategies of each organic farmer.

Figure 2. Countries with the largest number of certificated organic producers (adapted from [4]).
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Verhoog et al. [11] distinguish three types of organic farmers. In the “non-chemical approach,”
the producers are pragmatic organic farmers who formally follow organic farming standards
but continue to have a conventional problem-solving approach with economic motives to
conversion. The second type of producers follow the so-called “agro-ecological approach,”
with a more systematic approach and closed cycles; they focus on efficient production without
causing damage to ecosystems. Finally, the “integrity approach” farmers develop farms where
soil, plants, animals, and the farm as a whole are regarded as an organism with an intrinsic
value. Each organic farming approach will determine different feed, breeding, reproduction,
and health requirements.

Some of the positive effects of organic livestock practices are promoting sustainable land use,
improving animal welfare and increasing product quality. The methods used exert a positive
effect on biodiversity and ecological balance. Furthermore, organic management may con‐
tribute to the safeguarding of agricultural functions, with positive effects on the employment
rate and the quality of life in rural communities [12, 13]. For these reasons, organic livestock
farming can improve the balance between the demand for human food and the ecological
impact of the agro-alimentary industry.

2. Organic dairy sheep production

Milk and dairy products constitute a high share of all organic products sales, positioned in
second place behind only fruits and vegetables, and in first place for animal products, with
15% of total organic sales [14]. Sheep milk production has an important economic role in
industrial countries due to high prices for dairy products, mainly cheese. Additionally, sheep
milk represents a source of high quality protein and calcium in arid areas, especially for hungry
or malnourished people [15].

Organic dairy sheep farms represent a system focused on producing high-quality nutritious
milk, by implementing production methods that reject the use of agrochemical products,
artificial compounds, pesticides, growth promoters, and forage additives and that utilize crop
rotation and the reuse of organic residues. In some countries, such as Spain or Greece, organic
dairy sheep systems are an essential factor for rural development for three reasons: their low
environmental impact, their use of autochthonous breeds, and the diversity of transformation
of milk and manufacturing processes [16].

According to Perez et al. [17], milk production is one of the most complex systems in organic
production, which complicates the conversion from conventional to organic production. This
is due to the large quantity of technological innovations that have been developed within the
industry. However, several other authors claim that conversion from conventional to organic
production systems in small ruminants appears to be less complicated in terms of management
when compared with other farm species. This situation may be mainly because the manage‐
ment of sheep feeding does not differ dramatically between organic and conventional
production systems [18–20].

Sheep have several characteristics that promote the transition process, such as easy manage‐
ment, effective adaptation to diverse environmental, geographic and climatic conditions, and
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high efficiency in the use of available sources of grazing [19, 20]. These characteristics conform
with the management practices suggested by organic standards, which dictate that feeding
must be based on extensive grazing and that supplementary feed should come from organic
farms (certified feed industry) [21].

Organic dairy sheep farms are generally located in harsh environments, where dairy cattle
production is not feasible. Organic dairy sheep nutrition is based on grazing in natural pastures
and using winter fodder crops; therefore, the seasonal effects on milk sheep production are
strong. The grazing system of organic dairy sheep farms promotes the continuity of traditional
pastoral systems, which is the key to the sustainability of rural areas, the conservation of
traditional systems of production, and the preservation of cultural heritage [22].

Location Name of regulation
Date of
publication

References

Global or regional

FAO-WHO
The Guidelines for the Production, Processing, Labeling and Marketing of
Organically Produced Foods (Codex Guidelines)

1999 [23]

INFOAM Standard for Organic Production and Processing August 12, 2012 [3]

EAC1 East African Organic Products Standard, EAS 456:2007 April, 2007 [24]

EU2
Council Regulation (EC) No 834/2007 on organic production and labeling of
organic products with regard to organic production, labeling and control

June 28, 2007 [25]

Continent Country

America Argentina
National Law 25.127. Ecological, Biological and Organic
Production

September 8, 1999 [26]

Brazil Law No. 10.831 and decree No. 6.323 (2007)
December 23,
2003

[27]

Chile
Law 20.089 from National System of Organic Products
Certification

December 12,
2005

[28]

Costa Rica
Law of Development, Promotion and Foment of the Organic
Agricultural activity. No. 8591

August 14, 2007 [29]

Mexico Law of Organic Products February 7, 2006 [30]

United States National Organic Program
December 21,
2000

[31]

Africa Tunisia Law on Organic Agriculture No. 99-30 April 5, 1999 [32]

Uganda
Uganda Organic Standard (UOS)
East African Organic Products Standards

2004
April, 2007

[24, 33]

Asia Japan Japanese Agricultural Standards for Organic Livestock Products October 27, 2005 [34]

India National Programme for Organic Production (NPOP) May, 2001 [35]

Oceania Australia
National Standard for Organic and Bio-Dynamic Produce.
Edition 3.4

July 1, 2009 [36]

New Zealand Technical Rules for Organic Production. MAF Standard OP3, June, 2011 [37]

1EAC, East African Community, 2EU, Europe Union

Table 1. Organic production standards.
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The technical challenges faced by organic dairy sheep producers are regulated by international
and regional standards, such as EU regulation No. 834/2007 [25], IFOAM standard for organic
production and processing [3], Basic Standards and Codex Guidelines [23], and local regula‐
tions in each country (Table 1). Sheep milk production under organic management within
defined standards entails challenges in feed, reproductive management, breeding, health, and
welfare practices.

2.1. Feed management in organic dairy sheep farming

Organic dairy sheep systems involve extensive management, with high levels of nutrient self-
sufficiency and efficient nutrient utilization. This livestock system requires management
strategies with highly complex crop rotation to produce both forage and concentrate feed.
Regardless of production system type (conventional or organic), the lactation process in dairy
sheep requires feed rations with high levels of nutrients during mammogenesis, lactogenesis,
and lactation [38]. Bencini and Pulina [39] have estimated that to produce a liter of sheep’s
milk with 7% fat content requires 7.1 mega joules of metabolizable energy (MJ of ME).

Country Breed
DMY (kg/

day)
Fat % Protein % SNF% TS% References

Organic management

Italy Sardinian 1.23(l) 6.74 5.7 - - [42]

Italy Sardinian 1.44 6.46 5.61 10.65 17.11 [43]

Czech Republic 1Crossbred 0.82(l) 7.94 6.49 12.25 20.19 [44]

Greece Karagouniko 1.1 6.8 5.7 11.6 18.5 [45]

USA 2Crossbred - 8.69 6.33 12.19 20.88 [46]

Czech Republic East Friesian 1.03 6.65 5.30 11.1 17.75 [47]

Mexico

East Friesian (EF) 0.56 6.63 5.14 10.2 16.85

[48]EFxPelibuey 0.39 8.03 5.33 10.6 18.71

EFxSuffolk 0.55 6.98 5.29 10.4 17.42

Conventional management

Spain Churra 1.0(l) 6.54 5.7 12.03 18.57 [49]

Israel
Awassi
Assaf

2.77 4.68 5.13 - - [50]

Italy Valle del Belice 1.58 7.32 5.69 - - [41]

Czech Republic East Friesian 0.87 8.0 5.71 11.59 17.86 [51]

Spain Lacaune 1.04 6.14 4.89 9.85 15.99 [52]

TMY, total milk yield; DMY, daily milk yield. SNF, Solids non-fatty; TS, Total solids, 1First lambing crossbred ewes,
Lacaune (50%), East Friesian (37.5%) and Improved Wallachian (12.5%). 2Crossbred ewes Lacaune X East Friesian.

Table 2. Milk production and composition of dairy sheep in organic and conventional production systems.
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The energy and protein content in dairy sheep rations must be adequate and sufficient to
support maintenance requirements as well as milk production [40]. Pulina et al. [41] note that
energy intake is the most important factor that influences milk production and composition,
followed by protein and fiber content of the diet. An adequate amount of energy in dairy sheep
diets increases glucose content in the blood, which promotes the synthesis of lactose, the
activation of mammary and systemic regulators (insulin, IGF, thyroid and neurohormones,
etc.), and the increased uptake of milk precursors (glucose, acetate, butyrate, amino acids,
NEFA, vitamins, and minerals) [41].

The standards that regulate feeding management in organic systems are one of the most critical
factors that influence milk production performance and quality of milk (Table 2). Organic
regulations limit the use of concentrate and reduce the range of ingredients that can be included
in organic rations. This situation may cause deficiencies of energy, protein, and minerals (zinc,
molybdenum, selenium, copper, and iodine), which increases the risk of nutrient imbalances
[53, 54]; it has been reported that underfeeding ewes in early lactation, when nutritional
requirements are highest, results in lower milk yields [55].

European organic standards require feed rations based on forage (minimum 60% of daily dry
matter inclusion) and primarily homegrown ingredients [25]. One of the major challenges in
organic management is to formulate high forage diets with an adequate energy concentration
due to the low energy value of most forages (<11 MJ of ME per kg DM) when compared to
concentrate feeds (>13 MJ of ME per kg DM) [56]. The stage of lactation determines the
percentage of forage in the total ration, which can comprise up to 100% of the total ration.
Organic dairy sheep can graze in natural or cultivated pastures, and different strategies of
feeding can be used to follow organic standards.

The feed management on most organic dairy sheep farms is based on grazing. Grazing is the
interaction between animals using the pasture and the pasture itself [57]. Systems based on
natural pasture grazing utilize less fertilizer and are considered more ecological. However, the
high level of pasture in diet, the availability and quality of forage, and the change from grazing
fresh herbage to consuming conserved forage are associated with lower milk yields for sheep
under organic management compared with milk yields on conventional farms [58, 59].

The availability and quality of pastures and conserved forage change significantly throughout
the year, producing a seasonality effect on milk production. Angeles-Hernandez et al. [60]
analyze the effect of lambing season on milk production in sheep under organic management;
they conclude that sheep with autumn lambing showed significantly (P = 0.002) higher milk
yields (Figure 3). This may be due to the sheep having been pregnant during the summer,
when the availability of forage reaches its maximum, producing a positive effect on the
differentiation of mammary secretory cells as well as on the buildup of the animal’s physical
condition.

Zervas et al. [58] analyze the milk production and live-weight changes in ewes in both
conventional and organic systems. Ewes under organic management were fed with grass hay
plus barley grain, and ewes under conventional management were fed with grass hay plus
balanced concentrate feed. Milk yields of ewes fed organically were significantly lower (P <
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0.001) when compared with conventional-fed ewes (134 vs. 180 kg/year, respectively). Also,
ewes in conventional management showed higher values of live-weight gain (P < 0.01) in the
period between lambing and weaning (organic 67 vs. conventional 79 g/day).

Figure 4. Lactation curves of conventional and organic dairy sheep farms (adapted from [62]).

Some studies note that milk yields of dairy sheep under organic management can be similar
or higher than conventional dairy farms, which can be explained in part by lower stocking

Lactation curve adjusted using the Wilmink model [61] (Y = a + bekt+ ct.)

Figure 3. Lactation curves per lambing season of dairy sheep under organic management (adapted from [60]).
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rates and high availability of forage per animal [43, 63]. Angeles-Hernandez and Gonzalez-
Ronquillo [62] compared the milk production and lactation curves of conventional and organic
dairy sheep farms; these authors used the Wood model [64] to analyze a total of 7,501 weekly
test-day milk yield records from crossbred dairy ewes. There were no differences in milk yields
between organic and conventional dairy sheep farms (97 vs. 103 kg, respectively), but there
were significant differences (P < 0.05) in the shape of the lactation curve (Figure 4), traits that
defined the shape of lactation curve (peak yield and time of peak yield), and parameters of the
Wood model (Table 3). Sheep in organic systems showed a higher percentage of lactation
curves with atypical shape (without peak of lactation) (Table 3), which could be beneficial in
this system, as the risk of negative energy balance and metabolic disturbances in early lactation
is lower (Figure 4).

Traits of lactation curve Parameters of Wood model
Proportion of

atypical shapes

Type of farming TMY(kg)1 PY(kg) PT(kg) a b c (%)

Organic 97.3 0.79b 20.9b 0.51a 0.43b 0.011a 52.6

Conventional 103.0 0.85a 86.9a 0.25b 1.89a 0.002b 10.5

P-value 0.06 0.05 0.001 0.01 0.001 0.001

1 TMY, total milk yield adjusted to 200 days in milk; PY, peak yield; PT, time to peak yield; a is the production of milk at
beginning of the lactation (kg), b and c are parameters of inclining and declining slopes of lactation curve before and after
the PY, respectively.

Table 3. Characteristics of lactation curve and parameters of Wood model from lactation of organic and conventional
dairy sheep farming (Adapted from [62]).

Pasture farming systems result in milk characterized by a chemical composition that has
beneficial properties for human health. Organic sheep milk has a high fat content (Table 2) due
to rations rich in fiber [15]. Several studies report that milk and dairy products from certified
organic production systems contain higher concentrations of protein, cis-9, trans-11 CLA, α-
linolenic (α-LNA), transvaccenic acid, docosapentanoic acid, eicosapentanoic acid, total n-3
fatty acids, α-tocopherol, and β-carotene than those from conventional production systems
[65–67]. Tsiplakou et al. [45] conclude that sheep milk produced under organic farming
conditions has higher nutritive values, with elevated contents of MUFA, PUFA, α-LNA, cis-9,
trans-11 CLA, and ω-3 FA compared with that from conventional systems.

2.2. Effect of genetic factors in organic dairy sheep farming

The breed or genotype of dairy sheep is one of the main factors that affects milk yields and
chemical composition. The choice of breed in organic systems must be considered, with an
emphasis on animal characteristics that ensure their welfare and health, such as adaptation to
local environmental conditions, vitality and resistance to disease, and absence of specific health
problems associated with certain breeds [23, 25].
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According to Nauta et al. [2], the different production and marketing strategies of organic
farmers demand different breeds. Current dairy breeds have been modified through selective
breeding programs to produce high levels of milk, which may make them unsuitable for a
traditional and more natural production system. However, the “non-chemical approach”
organic farmers use specialized dairy sheep breeds to reach economically viable milk yields,
and organic farmers with other production approaches use specialized dairy sheep breeds
during the conversion process, usually with moderate milk production performance (Table 2).

The main strategies of animal breeding in organic dairy systems are selection (within and
among breeds) and crossbreeding. Selection in organic farming should be used to reinforce,
in a sustainable manner, the relationship between the animal and the environment in which
it is produced [21]. There are differences in the characteristics and magnitude of genotype due
to external factors (i.e., environmental interaction between conventional and organic systems)
[68]; the specific approximation to environmental conditions of organic management deter‐
mines different selection traits for both production systems (Table 4).

The program of selection on organic dairy sheep farms can be applied to specialized, local, or
native breeds to improve dairy production traits, but it mainly promotes the selection of vital
traits that improve animal well-being, sustainability, health, and flock efficiency [69] (Table
4). Nauta et al. [2] noted that 43% of organic farmers were seeking functional traits as a breeding
goal, 32% productive traits, and 25% conformation traits.

Trait Heritability

General disease resistance 0.05-0.80

Resistance to parasite infection 0.25-0.40

Somatic cell count 0.12-0.13

Longevity 0.05-0.13

Female fertility 0.07-0.20

Mature size 0.47

Feeding characteristics 0.10

Udder shape 0.20-0.24

Teat size 0.18-0.39

Milking ease 0.01

Milk production and composition

Milk production 0.28-0.32

Fat content 0.41-0.62

Protein content 0.51-0.53

Fat yield 0.17-0.29

Protein yield 0.18-0.27

Data from: [21, 70-77].

Table 4. Important traits in organic dairy sheep breeding.
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Organic dairy production can benefit from using native or local breeds genetically adapted to
their environment; these breeds are more resilient to climatic stress and are resistant to local
parasites and diseases, enabling them to utilize a lower quality of feed [78]. Organic farming
may contribute to the maintenance and improvement of the variability of dairy sheep breeds.
The use of native breeds can also help support food, agricultural, and cultural diversity, in that
the milk and cheese produced from sheep are an expression of a regional cultural tradition.
Native breeds also promote local food security and represent a valuable genetic source for
improving health and performance traits in the future [12, 78]. However, under organic
management, the use of local sheep breeds that are not specialized in milk production may
hinder the achievement of sufficient milk yields to reach economic viability. In these situations,
crossbreeding can be an option as an improved genetic strategy [79].

Crossbreeding of native breeds with specialized dairy breeds is a viable option to improve
dairy production parameters and promote adaptation to feed sources, climate, and the
management and market conditions of organic milk production systems, through heterosis
and the combined attributes of different breeds [48]. When animals are genetically adapted to
specific/extreme environmental conditions, they will be more productive and production costs
will be lower. Furthermore, genetic groups adapted to organic dairy management help to
safeguard animal health and welfare [78].

Angeles-Hernandez et al. [48] carried out an evaluation of the effect of genetic group on milk
production and composition on an organic dairy sheep farm; they compared three genetic
groups: East Friesian (EF), EFxPelibuey (local hair breed) (EFxPL), and EFxSuffolk (EFxSF).
They found significant differences among genetic groups in milk yield and milk composition
(Figure 5). EFxPL sheep showed a lower milk yield (59.8 kg), protein yield (20.8 g/day), and
fat yield (31.3 g/day) compared to the other groups. EF and EFxSF showed similar values of
milk yield (76.1 ≅ 75.8 kg), protein yield (28.8 ≅ 29.1 g/day), and fat yield (37.2 ≅ 38.4 g/day,
respectively).

The EFxSF group showed appropriate milk yield and chemical composition; these contrib‐
ute  not  only  to  an  increased cheese  yield  but  also  to  a  differentiation  of  cheese  flavor.
However, crossbreeding presents challenges in terms of maintaining a correct proportion
of  purebred–crossbred  populations;  furthermore,  in  systems  with  inadequate  manage‐
ment,  biodiversity  may be  jeopardized by the  elimination of  certain  purebreds  (special‐
ized and native breeds) [21].

The goals of organic dairy production farms are more than maximum milk productivity; their
objectives are directed to favoring animal health and welfare and to improving the quality of
their products with minimum environmental impact. In this sense, genetic improvement
strategies must be individually selected and designed for each farm according to resource
availability, local market conditions, and management approach.

2.3. Economic implications of organic dairy sheep farming

Organic dairy sheep farming provides income to thousands of families and contributes to
regional development, especially in isolated and less favored areas. It also generates employ‐
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ment, promotes closer links with local markets, restores connections between farmers and
customers, and increases incomes in the local economy through exports [13].

The specific productive approach of organic dairy sheep farms determines its economic
stability and profitability. The main factors that affect the expected returns of dairy sheep
farming are milk yield and price of dairy products [80]. The competitive prices of organic
products has played an important role in the expansion of interest in organic systems.
Frequently, organic products obtain a premium price when compared to products from
conventional farms. The magnitude of the premium depends on product availability and
market demand.

Figure 5. Effect of genetic group on milk production and composition in sheep under organic management (adapted
from [48]).
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The premium in price for organic sheep milk over conventional milk ranges from 8% to 36%
within European market [81], 51% in New Zealand [82], from 47% to 79% in the USA [83], and
a price difference of approximately 20% to 30% in Mexico [79]. In the case of the gross
production value of meat and lambs, the variation arises mainly from fluctuations in price.
Gross production value for ewe meat (non-productive ewes) contributes less to the total gross
production value of the farm.

Gerrard et al. [84] have noted that organic dairy sheep farms show lower investments in
items  such  as  acquisition  of  animals,  equipment  depreciation,  and  agronomic  manage‐
ment (less use of fertilizers and chemical compounds). However, it should be taken into
account that in the case of organic farming, the value of animal capital is lower due to the
fact that the flock consists mainly of crossbred dairy ewes [79]. It has also been reported
that organic dairy sheep farms employ more people in comparison with conventional farms.
Padel and Lampink [85] noted the higher number of working hours on organic farms (10–
50% greater), and they considered salaries to be an expense with a higher impact on the
total cost of organic milk sheep production.

The initial investment for establishing an organic farm, as for a conventional farm, includes
investments in buildings (stables and barns), equipment (milking machine, feeders), animal
capital, pasture area, and grain supplements for feeding throughout the year. An added
investment that needs to be considered for organic farms is the certification process, as well
as the fact that during the conversion process the commercialization of dairy products with a
premium price is not yet possible.

The questions that we have to ask when comparing conventional systems vs. organic systems
in general terms are as follow: How will sustainable intensification work in practice? How can
farmers and other producers improve their production systems to produce food in more
sustainable ways? Being less susceptible to volatile food prices, how can niche-level innova‐
tions and consumer interpretations and social practices be better integrated into the main‐
stream food security discourse? For example, organic systems offer the security of avoiding
chemical fertilizers, antibiotics, hormones, and synthetic growth promoters, all of which
involve human risk through the increase in allergies and antimicrobial resistance. How will
the transformations of the food system play out in terms of geographical area, food security
and animal welfare?

From the economic perspective, the dominant message is the importance of the profit motive,
which drives the production system. However, the cost to the environment must also be taken
into account. For this reason, we have to analyze the “economic sustainability” based not only
on economic profitability but also on the relationship of farmers to their land environment and
the sustainability of their activity [86]. There may also be hidden costs of production not only
from agricultural intensification [87] but also from organic production [88].

3. Conclusion

Organic production is not a method of production that can solve all the problems of the dairy
sheep industry; it is mainly an approach to production focused on satisfying the current
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demand for dairy products, but without the adverse effects of intensified livestock production.
Moreover, organic farming is a production method with a specific market focus on products
of premium quality and high standards of production. Organic sheep milk production can
provide a balance between society’s demand for food and the ecological impact of the agro-
alimentary industry, through the comprehensive implementation of conservation practices
and the ecological utilization of natural resources.

The production of organic sheep’s milk requires research along specific lines, aimed at
developing better methods of production, distribution, and marketing of their products. These
must be focused mainly on genetic improvement, preventive medicine, welfare, nutrition
management, and promotion of nutritional characteristics, in accordance with defined
production approaches and regulations.

Acknowledgements

Mr. Angeles Hernandez was granted with CONACyT, Mexico scholarship for their studies in
the Universidad Nacional Autonoma de Mexico. Dr. Gonzalez Ronquillo was granted with a
CONACyT fellowship “Estancias Sabaticas en el Extranjero 2014.” Also, we thank Ms.
Penelope Krumm for the critical review of this paper.

Author details

Juan C. Angeles Hernandez1,4, Octavio A. Castelan Ortega2, Sergio Radic Schilling3,
Sergio Angeles Campos4, A. Hilda Ramirez Perez4 and Manuel Gonzalez Ronquillo2*

*Address all correspondence to: mrg@uaemex.mx

1 Programa de Maestría y Doctorado en Ciencias de la Producción y de la Salud Animal,
Facultad de Medicina Veterinaria y Zootecnia, Universidad Nacional Autónoma de México,
Circuito Exterior, Ciudad Universitaria, Delegación Coyoacán, México

2 Universidad Autónoma del Estado de México, Instituto Literario 100 Ote, Toluca, Estado
de México, México

3 Escuela de Ciencias y Tecnologías en Recursos Agrícolas y Acuícolas, Universidad de
Magallanes, Región de Magallanes y la Antártica Chilena, Chile

4 Facultad de Medicina Veterinaria y Zootecnia, Departamento de Nutrición Animal y
Bioquímica, Universidad Nacional Autónoma de México, Circuito Exterior, Ciudad
Universitaria, Delegación Coyoacán, México

Organic Farming - A Promising Way of Food Production274



References

[1] Terrence T, Cihat G. Organic agriculture, sustainability and consumer preferences. In:
Vytautas P, editor. Organic Agriculture Towards Sustainability. InTech; 2014. p. 1–24.
DOI: 10.5772/58428

[2] Nauta WJ, Baars T, Bovenhuis H. Converting to organic dairy farming: consequences for
production,  somatic  cell  scores and calving interval  of  first  parity Holstein cows.
Livestock Science. 2006;90:185–195. DOI: 10.1016/j.livprodsci.2005.06.013

[3] International Federation of Organic Agriculture Movements,  IFOAM. The IFOAM
standard  for  organic  production  and  processing;  2012.  Available  from:  http://
www.ifoam.bio/en/ifoam-standard [Accessed: 2014-12-20]

[4] FiBL-INFOAM.  The  World  of  Organic  Agriculture  2015.  Available  from:  https://
www.fibl.org/fileadmin/documents/shop/1663-organic-world-2015.pdf.  [Accessed:
2015-01-12]

[5] INFOAM. Consolidated Annual Report of the IFOAM Action Group 2013. Available
from:  http://www.ifoam.bio/sites/default/files/annual_report_2013_web.pdf.  [Ac‐
cessed: 2015-02-21]

[6] Ayuya OI, Gido EO, Bett HK, Lagat JK, Kahi AK, Bauer S. Effect of certified organic
production systems on poverty among smallholder farmers: empirical evidence from
Kenya. World Development. 2015;67:27–37. DOI: 10.1016/j.worlddev.2014.10.005

[7] Global Organic Market Access GOMA. Conference to highlight 10 years of growing
market access for organic agriculture. In: Proceedings of the Global Organic Market
Access Conference. February 2012, Nuremberg, Germany; 2002. p. 39–40.

[8] Alrøe HF, Kristensen ES, Halberg, N. A systems approach to research in sustainability
and organic famring. In: Research methodologies in organic farming. Workshop in Frink.
September–October 1998; 30-FAO REU Technical series 58.

[9] Siardos GC. The impact of organic agriculture in socio-economic structures. In: Kyr‐
iazakis I, Zervas G, editors. Organic Meat and Milk from Ruminants. Netherlands:
Wageningen Academic Publishers; 2002. p. 73–86. DOI: 10.3920/978-90-8686-506-2

[10] Blair, R. Aims and principles of organic cattle production. In: Blair R, editor. Nutri‐
tion and Feeding of Organic Cattle. UK: CAB International; 2011. p. 5–27. DOI:
10.1079/9781845937584.0000

[11] Verhoog H, Matze M, Lammerts Van Bueren E, Baars T. The role of the concept of
the natural (naturalness) in organic farming. Journal of Agricultural and Environ‐
mental Ethics. 2003;16:29–49. DOI: 10.1023/A:1021714632012

[12] Ronchi B, Nardone A. Contribution of organic farming to increase sustainability of
Mediterranean small ruminant livestock systems. Livestock Production Science.
2003;80:17–31. DOI: 10.1016/S0301-6226(02)00316-0

Organic Dairy Sheep Production Management
http://dx.doi.org/10.5772/61458

275



[13] Lobley M, Butler A, Winter M. Local organic food for local people? Organic market‐
ing strategies in England and Wales. Regional Studies. 2013;47(2): 216–228. DOI:
10.1080/00343404.2010.546780

[14] Johnson J. Saving natural. Nutrition Business Journal. 2015: 3–11. Available from:
http://newhope360.com/sitefiles/newhope360.com/files/uploads/
2015/02/2015%20nbjSampleIssue_CZ.pdf [Accessed: 2015-01-25]

[15] Morand-Fehr P, Fedele V, Decandia M, Le Frileux Y. Influence of farming and feed‐
ing systems on composition and quality of goat and sheep milk. Small Ruminant Re‐
search. 2007;68(1):20–34. DOI: 10.1016/j.smallrumres.2006.09.019

[16] Toro-Mujica PM. Análisis técnico, económico y social de los sistemas ovino lechero
ecológicos de Castilla la Mancha: Eficiencia y sustentabilidad [thesis]. Spain: Córdo‐
ba University; 2011 (In Spanish).

[17] Pérez BL, Esquivel CG, Molina OM, Hernández AH. Importancia económica y nor‐
matividad de la producción de leche orgánica. In: Hernandez LAG, Pérez LB, editors.
Producción sustentable calidad y leche orgánica. México: Universidad Autónoma
Metropolitana; 2009. p. 85–105 (In Spanish).

[18] Wright IA, Zervas G, Louloudis L. The development of sustainable farming systems
and the challenges that face producers in the EU. In: Kyriazakis I, Zervas G, editors.
Organic Meat and Milk from Ruminants. Netherlands: Wageningen Academic Pub‐
lishers; 2002. p. 27–37.

[19] Degen AA. Sheep and goat milk in pastoral societies. Small Ruminant Research.
2007;68:7–19. DOI: 10.1016/j.smallrumres.2006.09.020

[20] Shrestha JNB. Sheep. In: Fuquay JW, Fox PF, McSweeney PLH, editors. Encyclopedia
of Dairy Science. Elsevier. UK: CABI Publishing; 2011. p. 67–76.

[21] Nardone A, Zervas G, Rochi B. Sustainability of small ruminant organic systems of
production. Livestock Production Science. 2004;90:27–39. DOI: 10.1016/j.livprodsci.
2004.07.004

[22] Paniagua A. The politics of place: official, intermediate and community discourses in
depopulated rural areas of Central Spain. The case of the Riaza river valley (Segovia,
Spain). Journal of Rural Studies. 2009;25(2):207–216. DOI: 10.1016/j.jrurstud.
2008.12.001

[23] FAO/WHO Food Standards Programme-Codex Alimentarius Commission. Guide‐
lines for the production, processing, labeling and marketing of organically produced
foods. 1999. Available from: http://www.fao.org/organicag/doc/glorganicfinal.pdf
[Accessed: 2015-02-19]

[24] East African Community EAC. East African Organic Products standards
EAS456:2007; 2007. Available from: https://www.organic-standards.info/en/docu‐
ments/East-African-Organic-Product-standard,25. [Accessed: 2015-02-20]

Organic Farming - A Promising Way of Food Production276



[25] European Union (EU). Council Regulation (EC) No. 834/2007 on organic production
and labeling of organic products with regard to organic production, labeling and
control. 2007. Official Journal of the European Union. Available from: http://
eurlex.europa.eu/legalcontent/EN/TXT/?qid=1407328133792&uri=CELEX:
32007R0834. [Accessed: 2015-01-15]

[26] Servicio Nacional de Sanidad y Calidad Agroalimentaria de Argentina SENASA.
Produccion Ecologica, Biologica y Organica, Ley 25.127. 1999. Available from: http://
www.senasa.gov.ar/contenido.php?to=n&in=981&io=4659. [Accessed: 2015-01-22] (In
Spanish).

[27] Ministro de estado da agricultura, pecuária e abastecimento MAPA. lei 10.831. Diário
Oficial da União. 2003. Available from: http://www.agricultura.gov.br/arq_editor/
file/Desenvolvimento_Sustentavel/Organicos/Produtos%20Fitossanitários/Home/
Lei_10-831_de_2003 (portuguese).pdf [Accessed: 2015-01-19].

[28] Servicio Agricola y Ganadero SAG. Law No. 20.089. (2005). Available from http://
www.sag.cl/sites/default/files/Ley_reglamento_version_dic2011.pdf [Accessed:
2015-01-27] (In Portuguese)

[29] Ministerio de Agricultura y Ganaderia-Hacenda-Economia, Industria y Comercio,
MAG-H-MEIC. Desarrollo, promoción y fomento de la actividad agropecuaria or‐
gánica. No. 8591. 2007. Available from: http://www.mag.go.cr/legislacion/2009/
de-35242.pdf [Accessed: 2015-01-19] (In Spanish).

[30] Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación SA‐
GARPA. Law of Organic Products. 2006. Available from: http://www.sagar‐
pa.gob.mx/normateca/Normateca/2%20DECRETO%20por%20el%20que%20se
%20expide%20la%20Ley%20de%20Productos%20Orgánicos%20070206.pdf. [Ac‐
cessed: 2015-01-25] (In Spanish).

[31] USDA. National Organic Program. Part 205. 2000. Available from: http://
www.ecfr.gov/cgibin/textidx?
SID=b7698166035019cd62a11e2d5be520ba&mc=true&node=pt7.3.205&rgn=div5 [Ac‐
cessed: 2015-02-11].

[32] Journal Officiel de la Republique Tunisienne JORT. Law on Organic Agriculture No.
99-30; 1999. p. 539–540. Available from: http://faolex.fao.org/docs/pdf/tun16328.pdf
[Accessed: 2015-01-21].

[33] National Organic Agricultural Movement of Uganda NOGAMU and Uganda Na‐
tional Bureau of Standards UNBS. Uganda organic standard (UOS) for organic pro‐
duction and processing. 2004. Available from: http://www.grolink.se/epopa/
Publications/UOS_July-05.pdf [Accessed: 2015-02-19].

[34] Ministry of Agriculture, Forestry and Fisheries MIFF. Japanese Agricultural Standard
for Organic Livestock Products Established: Notification No.59. (2005). Available

Organic Dairy Sheep Production Management
http://dx.doi.org/10.5772/61458

277



from: http://www.maff.go.jp/e/jas/specific/pdf/836_2012-2.pdf [Accessed:
2015-03-27].

[35] Ministry of Commerce and Industry, Government of India MCI. National Pro‐
gramme for Organic Production (NPOP). 2001. Available from: http://apeda.gov.in/
apedawebsite/organic/ORGANIC_CONTENTS/National_Programme_for_Organ‐
ic_Production.htm [Accessed: 2015-02-17].

[36] National Standard for Organic and Bio-Dynamic Produce. Organic Industry Export
Consultative Committee-Australian Quarantine and Inspection Service (OIECC-
AQIS). 2009. Available from: http://www.tamburlaine.com.au/docs/national-stand‐
ard.pdf [Accessed: 2015-02-01].

[37] Ministry of Agriculture and Forestry of New Zealand MAF. Technical Rules for Or‐
ganic Production MAF Standard OP3. 2011. Available from: http://www.foodsaf‐
ety.govt.nz/elibrary/industry/nzfsa-standard-registration-documents/index.htm
[Accessed: 201-12-15].

[38] Tucker HA. Physiological Control of Mammary Growth, Lactogenesis, and Lactation.
Journal of Dairy Science. 1981; 64(6):1403–1421.

[39] Bencini R, Pulina G. The quality of sheep milk: a review. Animal Production Science.
1997; 37(4):485–504. DOI: 10.1071/EA96014

[40] Gilbert G. Nutrition of dairy sheep. In: Dawe ST, Dignand M, editors. Sheep Dairy‐
ing: The Manual. NSW Agriculture; 1992. p. 1–5.

[41] Pulina G, Macciotta NPP, Nudda A. Milk composition and feeding in the Italian dai‐
ry sheep. Italian Journal of Animal Science. 2005;4(Suppl. 1):5–14. DOI: 10.4081/ijas.
2005.631

[42] Ronchi B, Bernabucci U, Amici A, Serrani F. Effects of different source of yeast on
milk yield and composition in organic dairy sheep farming. In: Kyriazakis I, Zervas
G editors. Organic Meat and Milk from Ruminants. Netherlands: Wageningen Aca‐
demic Publishers; 2002. p. 189–193. DOI: 10.3920/978-90-8686-506-2

[43] Pirisi A, Piredda G, Sitzia M, Fois N. Organic and conventional systems: composition
and chesse-aking aptitude of Sarda ewes´s milk. In: Kyriazakis I, Zervas G, editors.
Organic Meat and Milk from Ruminants. Netherlands: Wageningen Academic Pub‐
lishers; 2002. p. 143–146. DOI: 10.3920/978-90-8686-506-2

[44] Novotná L, Kuchtík J, Ustová K, Zapletal D, Filip [cbreve] ík R. Effects of lactation
stage and parity on milk yield, composition and properties of organic sheep milk.
Journal of Applied Animal Research. 2009;36(1):71–76. DOI:
10.1080/09712119.2009.9707034

[45] Tsiplakou E, Kotrotsios V, Hadjigeorgiou I, Zervas G. Differences in sheep and goats
milk fatty acid profile between conventional and organic farming systems. Journal of
Dairy Research. 2010; 77:343–349. DOI: 10.1017/S0022029910000270

Organic Farming - A Promising Way of Food Production278



[46] King R. Managing dairy sheep nutrition on a organic farm. In: Proceeding of the 18th
Annual Dairy Sheep Association of North America Symposium; 18–20 October 2012;
Virginia, USA. p. 22–26.

[47] Králíčková Š, Pokorná M, Kuchtík J, Filipčík R. Effect of parity and stage of lactation
on milk yield, composition and quality of organic sheep milk. Acta Universitatis Ag‐
riculturae et Silviculturae Mendelianae Brunensis. 2013;60(1):71–78. DOI: 10.11118/
actaun201260010071

[48] Angeles-Hernandez JC, Castelan OOA, Ramirez-Perez AH, González-Ronquillo M.
Effects of crossbreeding on milk production and composition in dairy sheep under
organic management. Animal Production Science. 2014;54:1641–1645. DOI: 10.1071/
AN14214

[49] Fuertes JA, Gonzalo C, Carriedo JA, San Primitivo F. Parameters of Test Day Milk
Yield and Milk Components for Dairy Ewes. Journal of Dairy Science. 1998;81(5):
1300–1307. DOI: 10.3168/jds.S0022-0302(98)75692-9

[50] Leitner G, Chaffer M, Caraso Y, Ezra E, Kababea D, Winkler M, Saran A. Udder in‐
fection and milk somatic cell count, NAGase activity and milk composition—fat, pro‐
tein and lactose—in Israeli-Assaf and Awassi sheep. Small Ruminant Research.
2003;49(2):157–164. DOI: 10.1016/S0921-4488(03)00079-8

[51] Kuchtík J, Sustova K, Urban T, Zapletal D. Effect of the stage of lactation on milk
composition, its properties and the quality of rennet curdling in East Friesian ewes.
Czech Journal of Animal Science. 2008;53(2):55.

[52] Andrade BR, Salama AAK, Caja G, Castillo V, Albanell E, Such X. Response to lacta‐
tion induction differs by season of year and breed of dairy ewes. Journal of Dairy Sci‐
ence. 2008;91(6):2299–2306. DOI: 10.3168/jds.2007-0687

[53] Coonan C, Freestone-Smith C, Allen J, Wilde, D. Determination of the major mineral
and trace element balance of dairy cows in organic production systems. In: Kyriaza‐
kis I, Zervas G, editors. Organic Meat and Milk from Ruminants. Netherlands: Wage‐
ningen Academic Publishers; 2002. p. 181– 183. DOI: 10.3920/978-90-8686-506-2

[54] Rosati A, Aumaitre A. Organic dairy farming in Europe. Livestock Production Sci‐
ence. 2004;90(1):41–51. DOI: 10.1016/j.livprodsci.2004.07.005

[55] Byström S, Jonsson S, Martinsson K. Organic versus conventional dairy farming–
studies from the Öjebyn Project. In: Proceedings of the UK Organic Research 2002
Conference. Aberystwyth: Organic Centre Wales, Institute of Rural Studies, Universi‐
ty of Wales. p. 179–184

[56] Weller, R. Improving organic milk. In: Griffiths MW, editor. Improving the Safety
and Quality of Milk. Volume 2: Improving Quality in Milk Products. Wood Publish‐
ing Series in Food Science, Technology and Nutrition; 2010. p. 283–303.

[57] Molle G, Decandia M, Ligios S, Fois N, Treacher TT, Sitzia M. Grazing Management
and stocking rate with particular reference to the Mediterranean environment. In:

Organic Dairy Sheep Production Management
http://dx.doi.org/10.5772/61458

279



Pulina G, Bencini R, editors. Dairy Sheep Nutrition. CABI Publishing; 2004. p. 191–
211.

[58] Zervas G, Koutsotolis K, Theodoropoulos G, Zabeli G, Gagnaux D, Poffet JR. Com‐
parison of organic with conventional feeding systems of lactating dairy ewes in
Greece. In: Proceedings of the Fifth International Symposium on Livestock Farming
Systems; 19–20 August, 1999; Posieux, Fribourg, Switzerland: Wageningen Pers;
2000. p. 107–111.

[59] Von Borell E, Sørensen JT. Organic livestock production in Europe: aims, rules and
trends with special emphasis on animal health and welfare. Livestock Production
Science. 2004;90(1):3–9.

[60] Angeles-Hernandez JC, Albarran-Portillo B, Gonzalez AG, Salas NP, Gonzalez-Ron‐
quillo M. Comparison of mathematical models applied to f1 dairy sheep lactations in
organic farm and environmental factors affecting lactation curve parameter. Asian-
Australasian Journal of Animal Sciences. 2013;26(8):1119–1126. DOI: 10.5713%2Fajas.
2013.13096

[61] Wilmink JBM. Adjustment of test-day milk, fat and protein yield for age, season and
stage of lactation. Livestock Production Science. 1987;16:335–348. DOI:
10.1016/0301-6226(87)90003-0

[62] Angeles-Hernandez JC, González-Ronquillo M. Comparing the milk production and
characteristics of lactation curves in organic and conventional dairy sheep farms in
Mexico. In: Proceeding of International Symposium on Food Safety and Quality: Ap‐
plications of Nuclear and Related Techniques, 10–13 November 2014. Vienna. IAEA;
2006.

[63] Padel S. Strategies of organic milk production. In: Proceedings of the 3th NAHWOA
Workshop, Clermont-Ferrand, France; 2000. p. 121–135.

[64] Wood PDP. Algebraic model of the lactation curve in cattle. Nature. 1967;216:164–
165. DOI: 10.1038/216164a0

[65] Bisig W, Eberhard P, Collomb M, Rehberger B. Influence of processing on the fatty
acid composition and the content of conjugated linoleic acid in organic and conven‐
tional dairy products—a review. Le Lait. 2007;87:1–19. DOI: 10.1051/lait:2007001

[66] Palupi E, Jayanegara A, Ploeger AJ, Kahl J. Comparison of nutritional quality be‐
tween conventional and organic dairy products: a meta-analysis. Journal of the Sci‐
ence of Food and Agriculture. 2012;92:2774–2781. DOI: 10.1002/jsfa.5639.

[67] Heins BJ, Paulson JC, Endres MI, Moon RD. Effect of organic grain supplementation
on pasture and total mixed ration dry matter intake and fatty acid profiles of organic
dairy cows. In: Join Annual Meeting ADSA-ASAS. 8–14 July 2013. Indianapolis. p.
662.

Organic Farming - A Promising Way of Food Production280



[68] Nauta WJ. Selective Breeding in Organic Dairy Production [thesis]. Wageningen, the
Netherlands: Wageningen University; 2009.

[69] Conington J, Lewis RM, Simm G. Breeding goals and strategies for organic sheep
production. In: Kyriazakis I, Zervas G, editors. Organic Meat and Milk from Rumi‐
nants. Netherlands: Wageningen Academic Publishers; 2002. p. 135– 142. DOI:
10.3920/978-90-8686-506-2

[70] Mavrogenis AP, Papachristoforou C, Lysandrides P, Roushias A. Environmental and
genetic factors affecting udder characters and milk production in Chios sheep. Ge‐
netics Selection Evolution. 1988;20:477–488. DOI: 10.1186/1297-9686-20-4-477

[71] Fernández G, Baro JA, De la Fuente LF, San Primitivo F. Genetic parameters for line‐
ar udder traits of dairy ewes. Journal of Dairy Science. 1997;80:601–605. DOI: 10.3168/
jds.S0022-0302(97)75976-9

[72] Conington J, Bishop SC, Grundy B, Waterhouse A, Simm G. Multi-trait selection in‐
dexes for sustainable UK hill sheep production. Animal Science. 2001;73:413–424.

[73] Rupp R, Lagriffoul G, Astruc JM, Barillet F. Genetic parameters for milk somatic cell
scores and relationships with production traits in French Lacaune dairy sheep. Jour‐
nal of Dairy Science. 2003;86(4):1476–1481. DOI: 10.3168/jds.S0022-0302(03)73732-1

[74] Berger Y, Billon P, Bocquier F, Caja G, Cannas A, McKusick B, Marnet PG, Thomas
D. Principles of sheep dairying in North America. 2004. Available from: http://
www.drobnica.si/files/brosure/Berger_et_al_Principles_of_Sheep_Dairy‐
ing_in_North_America_2004.pdf [Accessed: 2015-02-17]

[75] Legarra A, Ugarte E. Genetic parameters of udder traits, somatic cell score, and milk
yield in latxa sheep. Journal of Dairy Science. 2005;88:2238–2245. DOI: 10.3168/
jds.S0022-0302(05)72899-X

[76] Legarra A, Ramón M, Ugarte E, Pérez-Guzmán MD. Economic weights of fertility,
prolificacy, milk yield and longevity in dairy sheep. Animal. 2007;01:193–203. DOI:
10.1017/S1751731107657814

[77] Ugarte E. The breeding program of Latxa breed. Biotechnology in Animal Husban‐
dry. 2007;23:97–111.

[78] Van Diepen P, McLean B, Frost D. Livestock Breeds and Organic Farming Systems.
2007. Available from: http://orgprints.org/10822/ [Accessed: 2015-04-11]

[79] Ángeles-Hernández JC, Perez-Hernandez AH, Pérez-Rocha MJ, González-Ronquillo
M. Organic production of sheep milk. Tropical and Subtropical Agroecosystems.
2014;17(1):49–62.

[80] Tzouramani I, Sintori A, Liontakis A, Alexopoulos G. Assessing economic incentives
for dairy sheep farmers: a real options approach. In: Proceeding of 12th Congress of

Organic Dairy Sheep Production Management
http://dx.doi.org/10.5772/61458

281



the European Association of Agricultural Economists (EAAE 2008); August 26–29;
Ghent, Belgium; 2008.

[81] Kristensen ES, Thamsborg SM. Future European market for organic products from
ruminants. In: Kyriazakis I, Zervas G, editors. Organic Meat and Milk from Rumi‐
nants. Netherlands: Wageningen Academic Publishers; 2002. p. 5–13. DOI:
10.3920/978-90-8686-506-2

[82] Christensen V, Saunders C. Economic analysis of issues concerning organic dairy
farming. AERU Research Report No. 257, Lincoln, New Zealand: AERU, Lincoln
University; 2003. Available from: https://researcharchive.lincoln.ac.nz/bitstream/
handle/10182/746/aeru_rr_257.pdf?sequence=1. [Accessed: 2015-03-11]

[83] Dimitri C, Greene C. Recent growth patterns in the US organic foods market. Agri‐
culture Information Bulletin. 2000, 777. Available from: http://www.ers.usda.gov/
media/255736/aib777c_1_.pdf. [Accessed: 2015-03-18]

[84] Gerrard CL, Padel S, Moakes S. The use of farm business survey data to compare the
environmental performance or organic and conventional farms. International Journal
of Agricultural Management. 2012;2:5–16. DOI: 10.5836/ijam/2013-01-02

[85] Padel S, Lampkin N. Farm-level performance of organic farming systems. An over‐
view. In: Lampkin N, Padel S, editors. The Economics of Organic Farming. Walling‐
ford: CAB iInternational; 1994. p. 201–221.

[86] Zahm F, Viaux P, Girardin P, Vilain L, Mouchet C. Farm sustainability assessment
using the IDEA method: from the 77 concept of farm sustainability to case studies on
French farms. In: Proceedings and Outputs of the First Symposium of the Interna‐
tional Forum on Assessing Sustainability in Agriculture (INFASA); 16 March; Bern,
Switzerland; 2006.

[87] Hodges J. Session IV: role of international organizations and funding agencies in pro‐
moting gene-based technologies in developing countries. In: Makkar HPS, Viljoen
GJ, editors. Applications of Gene-Based Technologies for Improving Animal Produc‐
tion and Health in Developing Countries. New York: Springer Science and Business
Media, Inc.; 2005. p. 18–21 2005.

[88] Capper JL. The environmental sustainability of food production. In: Kebreab E, edi‐
tor. Sustainable animal Agriculture. Wallingford, Oxfordshire: CABI International;
2014. p. 157–171. DOI: 10.1079/9781780640426.0000

Organic Farming - A Promising Way of Food Production282


