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ABSTRACT

The complexity of livestock production systems implies the interrelation of
physical, technical, social, environmental, and animal factors. This study aimed
(i) to classify and characterize farms in representative typologies and (ii) to point
out the main factors responsible for the differences between the sheep farm
typologies in Brazilian semiarid region. A structured questionnaire with 29
variables related to social, physical, livestock, technological, herd management,
and productive indicators was applied to 65 sheep farmers. The farms typology
was classified, characterized, and differentiated using several techniques of
multivariate analysis. Three sheep production systems were identified:
Emerging (16 farms): young adults farmers, medium farms and herds, intensive
management, intermediate technological level, and high meat production;
Conventional (40 farms): adult farmers, smallholder farms, small herds, low
technological level, and low meat production; and traditional (09 farms): mature
farmers, large farms and herds, extensive management, low technological level,
and high meat production. Social, physical, livestock, herd management, tech-
nological, and productive factors showed discriminatory power (P < 0.05) to
differentiate typologies. The family-based productive system still represents the
primary sheep production system. Sheep farming in the Brazilian semiarid
region is characterized as extensive, heavily dependent on natural resources,
and susceptible to seasonal variations. Some common characteristics among
the farms studied were the use of family labour and the predominance of
extensive breeding with low stocking density. The emerging system is expand-
ing and may represent the future of sheep farms. It is believed that the tradi-
tional system can intensify its management and migrate to the emerging
system in the future. It is recommended to direct public policies that encourage
the efficient succession of workers in sheep farming, adoption of technologies,
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and training of know-how professionals. The insertion of young farmers was
considered a determining factor in the future of the sheep production system in
the Brazilian semiarid region.

KEYWORD Farming system; multivariate analysis; rural livelihood; small ruminants

1. Introduction

Worldwide, sheep farming in semiarid regions is typically located in marginal
areas, where other animal species with greater profitability, such as beef or
dairy cattle, are not adapted to use the available pastoral resources (Toro-
Mujica et al. 2019). Brazil has approximately 18.41 million sheep, of which
65.6% is in the Northeast, followed by the South (24.99%), Midwest (4.33%),
Southeast (3.12%), and North (2.95%) [IBGE | Censo Agro 2017| Home 2017].
The Brazilian Northeast has an area of 1.542.000 km?, about 18.26% of the
area of the country, and is considered the most densely populated semiarid
region globally (Marengo, Torres, Alves 2017).

Sheep production in drylands presents social, cultural, environmental, and
economic importance, and is one of the primary sources of food security and
income for families. The sheep production systems are generally characterized as
extensive in several regions of the world, as in northeastern Brazil (Costa, Almeida,
Pimenta Filho, Holanda, Santos 2008; Teixeira et al. 2015; Arandas et al. 2020),
Chile (Toro-Muijica, Aguilar, Vera, Rivas, Garcia 2015, Toro-Mujica et al. 2019),
Lebanon (Chedid, Tourrand, Jaber, Hamadeh 2018), and India (Naqvi, De,
Gowane 2013), in which animals graze on natural pastures and native vegetation
throughout the year. The systems usually present the predominance of mix and
locally adapted breeds, low stocking rates, family labour with low levels of
education of the farmers, and the scarce prospect of continuity of their descen-
dants in productive activity. The main products obtained from the system are
meat and leather.

Animal production systems are complex and interlinked by biological, social,
cultural, climatic, economic, and technological indicators. According to Kébrich
et al. (2003), the conceptualization is usually based on herd size, grazing schemes,
and production, but it does not include all aspects of the system. The production
system can be closely associated with the relation between the feed condition of
animals and the phases of production; moreover, the relationship rearing system
and the technology used in the production. With this, it is possible to define
general differences between systems. However, it is unlikely that the level of
technology of the system would allow a broader understanding of the produc-
tion systems.
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Studies indicate that sheep farming in the Brazilian semiarid region is a
subsistence activity, extensive, dependent on natural pastures in the Caatinga
biome, to produce mainly meat (Silva et al. 2011; De F. Guilherme et al. 2017).
However, the general approach of descriptive methods generally used may
extrapolate the results, which reduce the reliability and relevance of these studies.
The farm typologies may help comprehend the complexity of farming systems by
providing a simplified representation of the diversity within the farming system,
organizing farms into relatively homogenous groups, i.e. farm types (Toro-Mujica
et al. 2012, 2019; Castro et al,, 2021). The typologies and characterization of the
livestock systems have been carried out in many studies through different
methodologies and statistical techniques. For example, Toro-Mujica et al. (2019)
described, through the combination of multivariate statistical methods, three
types of sheep farms in Chilean semiarid region and proposed recommendations
for the farm development, with an emphasis on the perspective and continuity of
sheep farmers in livestock activity.

It was hypothesized that in the Brazilian semiarid (i) there is more than one
sheep production system and that (i) they are dynamic, mainly in the physical,
livestock, and production factors. Thus, the objectives of this study were (i) to
classify and characterize farms in representative typologies and (ii) to point out
the main indicators responsible for the differences between the typologies of
sheep production systems in the Brazilian semiarid region.

2. Materials and methods
2.1. Area of the study

A random sampling of 65 sheep farms (sheep number = 6,184), situated in seven
cities in Ceard state, northeast region, Brazil, was used for the typology analysis.
The climate of the region is Bsh (B — Dry, s-semiarid, h-low latitude and altitude)
according to the Kdppen Climatic Classification (Alvares, Stape, Sentelhas, De
Moraes Gongalves, Sparovek 2013). The predominant relief of the region is
composed of plains with generally shallow and rocky soils, characterized by low
levels of organic matter and fertility (Silveira et al. 2018). The predominant natural
vegetation is represented per Caatinga biome, rich in forage species in its three
strata: herbaceous, shrub, and arboreal.

2.2. Data collection and processing

The variables selected for the questionnaires were defined by extension techni-
cians, sheep farmers, and specialized in sheep production systems. For example,
variables related to reproductive biotechnics, silage use, and milk production
were not included because it is not common in sheep production systems in the
Brazilian semiarid region. The information about the sheep production system
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and farmers were collected using a structured questionnaire with categorical and
continuous variables was applied in loco. First, the study project was presented to
the farmers, including the objectives and goals to be achieved. Posteriorly, we
asked if he was interested in collaborating by participating in the study. If so, the
questionnaire was applied. As a selection criterion, the interviews were con-
ducted only on the farm itself with the farmers or technicians responsible for
managing the herd. The interview was made through formal conversation and
divided into six blocks of indicators: (i) social, (i) physical, (iii) livestock, (iv) herd
management, (v) technological, and (vi) productive. After completing the ques-
tionnaire, a technical visit to the farm was conducted for the reliability of the
information collected. The interview time was between 1 and 3 hours for each
farmer. All interviews were conducted by a technical/professional from July 2017
to September 2018. The answers were registered on forms and transferred to a
Microsoft Excel® spreadsheet. The original variables initially used for the statistical
analysis are shown in Table 1.

The stocking rate (sheep ha™') was obtained by dividing the number of
animals on the farm by the area used sheep farming. The variables of the
programs, facilities and equipments, and preventive health were defined
using a score scale ranging from 0 to 8. The following facilities and equip-
ments program were considered: main facilities, shed for feeding, isolation
facilities for sick animals, and feedlot facilities; and equipment such as bal-
ance, forage engine, hydraulic pump, and tractor. For control of preventive
health program: vaccination program against diseases such as gastrointest-
inal endoparasites, ectoparasites, mastitis, caseous lymphadenitis, ecthyma,
rage, pneumonia, and clostridiosis.

2.3. Statistical analyses

Multivariate analysis techniques were used in the development, differentia-
tion, and validation of farm typologies. All analyses were performed in the
IBM SPSS Statistics for Windows, version 20 (IBM Corp., Armonk, N.Y., USA,
2010). Data analysis was carried out in five successive steps:

Step 1°. [Choice of variables] Definition of the correlation matrix of the factorial
analysis. From these correlations, only one variable of each pair of variables with
high partial correlation was kept. At least one variable for each factor was selected
to build the typology. The performance of this procedure was essential to meet
the presuppositions of multicollinearity. The inclusion of at least one variable of
each indicator in the typological analysis was also considered.

Step 2", [Variables reduction] From 29 variables, only 13 were selected using
factor analysis (Table 1). The statistic of Kaiser-Meyer-Olkin (KMO = 0.790) and the
sphericity Bartlett test (Chi-square: 466.22, P < 0.001) shown the adequacy of the
model in this study. Factors with eigenvalues greater than 1 (Kaiser’s rule; Kaiser
1960) were used in the hierarchical cluster analysis (Hca). The rotated component
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matrix was developed using orthogonal rotation, varimax method, with Kaiser's
normalization method to describe the factor analysis according to their relation-
ship with the original variables. The communalities of the variables used in the
factor analysis varied from 0.55 < X = 0.91.

Step 3", [Number of typologies] The optimal number of clusters was identified
using the Hca. In particular, the elbow rule based on Ward method (Ward 1963)
was used in order to decide the most appropriate number of clusters. For defining
the ideal number of clusters, it was necessary to plot the number of clusters
against the change of the fusion coefficient for each stage (each stage reflects a
combination between two clusters) and find the two stages with the highest
jump in the difference between their distance coefficients (Gelasakis, Valergakis,
Arsenos, Banos 2012). This was obvious for stages 62 and 63 (Table 1 -
Supplementary material). Afterwards, the number of stages (n = 62) was sub-
tracted from the number of observations (nh = 65); the result indicated the ideal
number of clusters (n = 3). For validating the Hca a two-step cluster was
performed. Euclidean distance measurement was selected and 3 clusters of the
elbow rule were fixed.

Step 4™ [Comparisons between clusters) First, it is tested the assumptions of
homogeneity of variances using Levene's test, the normality of the errors using
the Shapiro-Wilk's test, and the presence of outliers using the box-plot graph.
Most of the quantitative variables did not present residues with a normal dis-
tribution (75% of the variables) and normality test (50% of the variables) (Table 2 —
Supplementary Material). For this reason, non-parametric Kruskal-Wallis test was
chosen using the median as a measure of central tendency. For categorical
variables, the differences between groups were estimated using the x> test with
Bonferroni correction. Significance was accepted if P < 0.05.

Step 5™. [Differentiation of the typologies] The canonical discriminant analysis
(Cpa) was used for two purposes: (i) to define which indicators individually have
discriminatory power to differentiate the three typologies in order to verify
Hypothesis 2, and (ii) to evaluate the classification dynamics of the farms in
their group of origin by biplot the first two canonical discriminating functions
using the same variables selected for factorial analysis. Both Cps was performed
by the stepwise method. Finally, the discriminant power of the indicators/vari-
ables was evaluated by eigenvalue, Wilks’ Lambda statistic, standardized coeffi-
cients, and classification of farms in their group of origin.

3. Results
3.1. General characteristics of the surveyed farms

Social, physical, livestock, herd management, technological, and productive
indicators are presented in Table 1. The farmers were on median 47 years old,
with 30 years of experience in sheep farming with generally low-level
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education (27.7% - llliterate and 32.3% - Literate). The farms were run mainly
by family members (67.7%). The farms showed a median of 85.0 ha, with
89.4% used for sheep production and 1.33 animals per ha, approximately. The
median herd was composed of 90 sheep, where 45 are ewes and 55.5% in
lactation. The predominant breed of ewes was Mix (52.3%) (mix from multiple
breeds of the same species, often breeding without any human intervention,
recordkeeping, or selective breeding), while the ram was local adapted
(44.6%), especially Santa Inés breed. The animals spent most of the time
grazing on a natural pasture (Caatinga biome), and received commercial
concentrate for 5 months, mainly from August to December each year, and
55.4% of the farms offered mineral supplementation. All matings were natural
with a mean 1 ram: 50 ewes’ ratio, and obtaining at 9 months to sexual
maturity and first lambing at 14 months, approximately. Only 33.8% of the
farmers have specialized technical assistance and adopt zootechnical book-
keeping. The farms send the animals to the slaughter at 11 months of age,
with a carcass weight of 11.58 kg. The median live weight production was

473.0 kg farm™" year™.

3.2. Typology and characterization

Initial eigenvalues, sums of rotation of the square loads, the percentage of
variance explained, and the factorial loads of the three first factors are shown in
Table 2. The first factor explained 25.9% of the total variation, and the three
factors explained 69.0% of the variance. The major eigenvector weights in three
factors were: (7) production in live weight, number of sheep, area of the farm for
sheep farming, carcass weight, and facilities and equipment score; (2) farmers age
and schooling level, animal sexual precocity, zootechnical bookkeeping, and dry
period grazing; and (3) preventive health program, commercial concentrate
supplementation, dry period grazing, and age at slaughter.

Three sheep production systems were obtained: emergent, conventional, and
traditional systems (Figure 1(A)). These three systems represented 16 (24.6%), 40
(61.5%), and 9 (13.8%) farms of the total sample, respectively. The model’s good-
ness-of-fit measure was 0.50, revealing good cluster quality (Figure 1(B)).

Table 3 indicates the median and interquartile range (IQR) for the continuous
variables, while Table 4 indicates the frequencies (%) for the categorical variables,
as well as the statistical differences among the systems. The three systems shared
some common characteristics, e.g. family workforce (P = 0.051), animal castration
(P =0.056), mineral supplementation (P =0.073), and breed of ram (P=0.337) and
ewes (P =0.792).

According to the differences and similarities found between the typologies
obtained (Tables 3 and 4), it is possible to describe as follows:
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Figure 1. Dendrogram of the Hca (A) and goodness-of-fit measure of the number
of clusters through two-step cluster (B) for the three production systems formed
by sheep in the Brazilian semiarid region. Model summary/nputs: 3 are number of
factors (Table 2).Clusters: 3 was determined by Ward method, elbow rule (Ward 1963)
(Table 1 — Supplementary material)

® Emerging system: Young adult farmers, medium farms and herds, intensive
management, intermediate technological level, and high meat production
(16 farms; 24.6%)

The young farmers in these production systems showed a high schooling
level (P < 0.05) associated with experience in sheep farming. Datasets of the
sheep, where 162.50 ha are used for sheep production. The median herd was
composed of 128 animals, where 65 were lactating ewes. The animals
remained a short time (P < 0.01) in grazing during periods of years; however,
a more considerable period receiving supplementation (P < 0.01). Ewes
showed sexual precocity (P =0.01), and the systems contain a high preventive
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health programme score (P < 0.001) with a low age at slaughter (P < 0.001).
This system presented higher percentages of farms that carried out herd
replacement (P < 0.001), age at first lambing (P < 0.001), and received
specialized technical assistance (P < 0.001).

e Conventional system: Older farmers, smallholder farm, small herds, less
intensive management, low technological level, and low meat production
(40 farms; 61.5%)

Older farmers with low schooling level (P < 0.05) and smaller farm and facilities
areas (P < 0.001). This system showed the highest (P < 0.01) stocking density, with
the least herd (P < 0.001) and the number of animals of 55 sheep, =29 ewes, and
=14 lactating ewes. Comparing with the emerging system, in the present system,
the animals remained longer grazing during two periods of years (P < 0.01). The
percentage of farms that use herd replacement was the same (P > 0.05) in the
traditional system. The systems presented slaughter of 11 months with the lesser
carcass weight and live weight production by year (P < 0.001).

o Traditional system: Older farmers, large farms and herds, extensive manage-
ment, low technological level, and high meat production (09 farms; 13.8%)

Farmers in this system presented large areas with 300 ha, where 76.70%
used for sheep production. Farm and facilities areas were larger (P < 0.01)
than the conventional system, but similar to emerging. The number of sheep
and ewes were similar (P > 0.05) to the emerging system; however, the
farmers showed a greater grazing management time (P < 0.01). The techno-
logical indicator variables, preventive health program score, and sheep sexual
precocity were similar (P > 0.05) to the conventional system. Sheep produc-
tion (kg sheep sale farm™" year™), on the other hand, was greater compared
to the conventional system (P < 0.01), with a median age of 15 months. The
carcase weight, however, was similar (P > 0.05) to the emerging system.

3.3. Differences and similarities among sheep production systems

The summary of the Cpa, the classification of the farms in their group of
origin, and the main discriminatory variables according to the indicators are
shown in Table 5. All the indicators under study individually presented
discriminatory power (P < 0.05). The productive indicator had the highest
percentage of classification of farms (95.2%) in their group of origin, while the
social indicator, the lowest percentage (66.2%).

The classifying dynamics of the three typologies in their group of origin are
shown in Figure 2. It was observed, through the centroids, which the emer-
ging system is between the conventional and the traditional. It was also
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Figure 2. Two-dimensional plot of the canonical discriminant analysis showing the
dynamics of physical, livestock, social, herd management, technological, and productive
indicators according to the three typologies of sheep farms in the Brazilian semiarid
region. Indicators:Social (farmer’s age, years; level of schooling, %); Physical (area of the
farm for sheep farming, ha; facilities and equipment score, 0 — 8); Livestock (sheep, n); Herd
management (supply of commercial concentrate, months; dry period grazing, hours;
sexual precocity, months; preventive health programme score, 0 — 8; age at slaughter,
months); Technological (zootechnical bookkeeping, %); and Production (live weight produc-
tion, kg sheep sale farm™' year™; carcass weight, kg)

found that one farm in the conventional system was classified as emerging,
which resulted in a general classification rate of 98.5% of the farms correctly
classified in their group of origin. Of the 13 variables used in the Cpp, only
preventive health programme, sheep production, age at slaughter, area of
the farm for sheep farming, facilities and equipment programme, farmer’s
age, and zootechnical bookkeeping showed discriminatory power (P < 0.001),
with emphasis on physical and productive indicators (77.2%) (Table S; -
Supplementary Material). It is also interesting to note that when all variables
were evaluated together, at least one variable from each indicator was
important to discriminate groups, except for the livestock indicator.
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4, Discussion
4.1. Typological development, differentiation, and validation

The characterization of animal production systems is complex because of the
large number of variables necessary for classification (Riveiro, Mantecdn,
Alvarez, Lavin 2013), requiring a systemic approach to understand their
globality and dynamics (Campos 2003). It is possible to reduce complexity
by forming groups of farms with common characteristics, based on the search
for the largest difference between the groups and the smallest within them.
This is the first study carried out on sheep farms in the Brazilian semiarid
region using procedures that combine analytical and specialized methods to
construct farm typologies.

The multivariate approach allowed detecting large differences between
the sheep production systems, helping to visualize different groups. It was
possible to identify three sheep production systems, from farms with large
areas and high meat production to smaller farms and low production, con-
firming Hypothesis 1. This classification is based on an analysis that used
specialized methods in the development of typologies, and we included
social, physical, livestock, herd management, technological, and productive
indicators to develop these three types of farms, unlike other investigations
that use descriptive methods (De S. Farias et al. 2014; Alves et al. 2017; Kato,
Belchior, De Sousa, De Morais 2019), which can extrapolate the results,
reducing their relevance and credibility.

Besides the Cpa showed that all indicators under study individually have
discriminatory power to differentiate the three typologies, which partially rejects
Hypothesis 2, i.e. the sheep production systems in the Brazilian semiarid are
different in social, dimensional, technological, livestock, management, and pro-
ductive aspects. The validation of the typology was confirmed when 98.5% of the
farms were classified in their original group when all the studied variables were
used. Results similar to the present study was reported in the Chilean semiarid
region by Toro-Mujica et al. (2019), who defined three sheep farm typologies: (i)
middle-aged farmers, high educational level, farms and herd large; (ii) elderly and
experienced farmers, traditional in sheep farming, low level of education and
large farms and herd, and (iii) elderly farmers, with small farms and herd. These
similarities between systems indicate that our findings and recommendations
may be useful for developing sheep farming in other drylands of the world.

4.2. Characterization of the three sheep production systems

4.2.1. Social indicator

The age and experience of the sheep farmers were important in the classifica-
tion of farms. When considering the age of the farmers and the experience in
the activity, it was observed that all the farmers are experienced in the rearing
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of sheep. The social indicators were fundamental to differentiate the farmers,
mainly those of the emerging system, composed of the new ones compared
to the other systems. It can be assumed that these young farmers are heirs of
the farmers of the traditional system, which explains the experience in the
activity by family succession. The breeding of sheep in the Brazilian semiarid
region is characterized as traditionally familiar farming (Kato, Belchior, De
Sousa, De Morais 2019; Arandas et al. 2020). It was also observed an increase
in the farmers schooling level, although studies show that sheep production
in the Brazilian semiarid region is managed by farmers with low educational
levels (De S. Farias et al. 2014). This scenario may be changing since De F.
Guilherme et al. (2017) report an increase in sheep farmers’ educational level,
possibly the farmers of the emerging system. We can suppose that this
increase is the result of the adoption of public policies to retain young people
in the countryside through vocational courses in the area of agriculture and
technological capabilities aimed at animal production in the semiarid. It is
important to consider that the rural exodus in Brazil occurs mainly in the
semiarid region since in this area resides about half of the Brazilian rural
population, due to the low agricultural production and means of subsistence
(Alves, Da Silva E Souza, Marra 2011).

Given the advanced age of farmers in the conventional and traditional
systems (> 52 years), we suggest that policymakers adopt measures to sup-
port the sheep meat production and marketing. For example, the inclusion of
sheep meat in school meals through the direct purchase of the government
from the farmer by the Food Purchase Program of the Brazilian federal
government would stimulate the production of sheep meat, increasing the
demand for meat of sheep in the market, contributing to the socio-economic
sustainability. In the semiarid region of Chile, Toro-Mujica et al. (2019) report
that the advanced age of farmers will lead to continuous reductions in sheep
farms by at least 44.0% in the next generation unless steps are taken to
encourage generations to stay younger. The authors also indicated that the
effect of offspring on the permanence of farms is another factor to consider
since, at the national level, the size of the family tends to decrease.

4.2.2. Physical indicator

The total area and the area used for sheep farming were also adequate
variables to differentiate the systems since they allowed the classification of
the typologies, mainly between the traditional and conventional systems,
because the productive system adopted in these farms is extensive and the
management practices were similar (Tables 3 and 4). Toro-Mujica et al. (2012)
indicated that farms’ physical characteristics are fundamental for the classifi-
cation and characterization of sheep production systems in southern Spain.
The conventional system farms, the largest production system, had a median
area of less than 30 ha, in agreement with studies by Costa et al. (2008) and
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De S. Farias et al. (2014), which show that more than half of the sheep herd in
the Brazilian semiarid region are distributed on small farms. Facilities and
equipment score was another important variable of the physical indicator for
classifying farms, as it provides an indication of investment in infrastructure
and the level of mechanization of production systems (Gelasakis et al. 2017).
However, caution is needed in interpreting the highest scores of traditional
and emerging systems, as both systems had similar facilities areas due to the
greater number of sheep in this system (Table 3), but not necessarily facilities
with the same sheep production function.

4.2.3. Livestock indicator

The number of animals was also another important classification variable in
the characterization of the typologies. In the farms evaluated in this study,
this affects important management decisions, such as stocking density and
seasonal use of pastures. These decisions play a fundamental role in feed
management in extensive systems that cannot be improved only through
infrastructure modernization. In general, this hypothesis is confirmed by the
low stocking rate used by the farmers in response to the low forage produc-
tion of native pasture, mainly in the dry period. The increase in the availability
and nutritional value of the Caatinga pasture would be possible through
practices such as replenishment of soil nutrients (Costa, Almeida, Pimenta
Filho, Holanda, Santos 2008), manipulation of woody vegetation, rearing and
thinning of trees and shrubs, and enrichment of the herbaceous stratum
(Batista and de Souza, 2015; Araujo et al. 2019).

The breed was not an important variable to classify the farms. Purebred or
crossbred sheep do not affect management decisions. The farmers opt for
specific breeds to improve productive potential but do not change manage-
ment practices. For example, it is very common to use the Santa Inés breed to
increase the meat and milk production of the locally adapted breeds.
However, the farmers do not take into account the greater nutritional require-
ment of this breed compared locally adapted animals. Therefore, much of the
productive capacity of some breeds is wasted, with production being limited
by available resources. We suggest that farmers could improve production by
combining management with the genetic potential of their animals. In this
study, all three production systems adopted some genetic improvement
strategy, but the emerging system farms presented greater zootechnical
control and herd replacement.

4.2.4. Herd management indicator

Supplementation with commercial concentrated, together with grazing time,
was important for identifying the degree of intensification of nutritional
management. The animals in the emerging system showed less grazing
time, both in the rainy and in the dry period, and the farmers supplemented
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the animals with concentrated feed for a longer period than the other
production systems. Farmers of the conventional and traditional system, on
the other hand, used concentrated supplementation as a dry period manage-
ment tool (from August to December). Generally, supplementation is pro-
vided at the end of the day without considering the nutritional requirements
by animal category (maintenance, lactation, pregnancy, and weight gain).
Additionally, the choice of ingredients by sheep farmers depends on the price
of concentrated feeds in the market (Rogério et al. 2016).

The reproductive management was evaluated considering the ram: ewes’
ratio, sexual precocity, and age at first lambing. The adoption of reproductive
biotechnologies such as artificial insemination is not common in farms in the
region under study (De F. Guilherme et al. 2017). The older age at first calving
of ewes in traditional and conventional systems is explained by the sexual
precocity of these animals; on the other hand, ewes in the emerging system
are usually younger at first calving. The high ram: ewes ratio in the traditional
system can be explained by the more extensive management observed in
these farms (Simplicio and Santos, 2005). In general, it is recommended to
adopt the breeding season on the farms aiming a greater reproductive
control and increasing the reproductive and productive efficiency of the
farms. It may also favour the standardization of lambs in terms of age and
weight, allowing the marketing of more uniform animals. The low reproduc-
tive efficiency of extensive sheep systems in drylands is due to climatic
conditions and feed shortages (De, Kumar, Balaganur, Naqvi 2020).

The preventive health score has already been used by Gelasakis et al.
(2012) on sheep farms. In this study, emerging system farmers adopted a
more efficient health programme, probably due to the more intensive man-
agement and specialized technical assistance. The conventional and tradi-
tional systems had similar health programmes and were more susceptible to
losses, mainly caused by verminous. (Silva et al. 2011) reports that verminous,
caseous lymphadenitis, rabies, clostridiosis, mamitis, ectoparasites, pneumo-
nia, and contagious ecthyma were the main diseases observed in sheep and
goat herds in the Brazilian semiarid, which agrees with the diseases used to
create the score of preventive health programme used in the present study.

4.2.5. Technological indicator

Sheep farms in semiarid regions are commonly characterized by low techno-
logical levels and lack of technical assistance (Silva et al. 2011; Ibidhi, Frija,
Jaouad, Ben Salem 2018; Arandas et al. 2020), which is in line with our
findings. In general, the low technological level results from low investment
in sheep livestock in the family farming (greater production system).
However, our study shows that this scenario may be changing considering
that young farmers with a higher education level in the emerging system use
zootechnical bookkeeping and receive technical assistance (Table 4).
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According to De Oliveira et al. (2013), young farmers are more likely to accept
new technologies and adopt new management practices to increase
production.

The main problems faced by sheep farming in the semiarid regions were
related to the lack of technology adoption, which compromises the sustain-
ability of sheep farming. According to Campos (2003), technology makes a
difference when adopted in the production system. There is a minimum of
techniques to be programmed, without which raising small ruminants does
not offer economic viability. This set ranges from procedures, methods,
experiences, know-how to mechanisms and management tools (Campos
2003; Lucena et al. 2018).

4.2.6. Productive indicator

The classification of farms into typologies allowed a clear distinction between
them in productive efficiency. The farms with more intensive management
slaughtered the animals in a shorter time, approximately at the age of
8 months, with carcass weight equal to farms that slaughtered at 15 months.
We encourage studies of economic analysis in these production systems to
clarify whether this productive efficiency is feasible to the farmer because of
the revenues and costs. According to Gelasakis et al. (2017), more intensive
farms exhibit a high profit-variation and higher production cost than exten-
sive farms since they tend to be more vulnerable to the increases in feed costs
or seasonal variations. Thus, intensification is rewarded through increased
revenue and increases the level of uncertainty to the farmers.

Live weight production is commonly used to classify sheep farms (De F.
Guilherme et al. 2017), which justifies the high weight in the PC; eigenvector
(Table 2) and the differences between production systems. Productivity is driven
by management, the purpose of raising sheep and production conditions.
However, high productivity is the result of successful management and not a
classification criterion. Productivity relies on proper management, which is the
general objective of farmers. For example, the higher production of body weight
and the shorter period of slaughter observed on farms in the emerging systems
can be associated with feeding practices and intensive management. Moreover,
the high production of this system is justified by the early weaning of the lambs
and due to more efficient handling practices. Although production variables can
be used to classify the farms, it is not possible to know if management and
production are independent (Gelasakis et al. 2017).

4.3. Differences and similarities between sheep production systems

Although the livestock indicator presented discriminatory power (Table 5),
when we analysed the variables used in the construction of the typology
simultaneously in Cpp, it was observed that the number of sheep did not
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show any power of differentiation between the production systems. Thus, the
largest herd size did not necessarily mean large production of live weight,
mainly in extensive sheep systems in semiarid regions, in which the mortality
rate is high (Alencar et al. 2010). The animals gain weight through compen-
satory weight gain in the rainy season. This hypothesis was confirmed when
only the number of lactating ewes (a variable that reflects the number of
lambs) showed discriminatory power in the livestock indicator. It was
observed that the numbers of sheep and ewes were equal (Table 3), but
the number of lactating ewes was higher in the traditional and lower in the
emerging sheep production system. This indicates that the emerging system
farmers managed the farms more intensively and with greater efficiency in
managing the farm. The highest percentages of farms in the emerging system
that adopted the herd bookkeeping and replacement of females from the
herd (Table 4) helped farmers make general management decisions for these
farms. Indicators such as kg of lamb weaned per ewes per year were indicated
to assess the productive efficiency of the ewes as a criterion for disposal.

The second discriminant function, although with a lower percentage of dis-
crimination, but no less important, demonstrated that the variables that represent
social, herd management, and technological indicators were essential to differ-
entiate the production systems, especially the emerging from the traditional and
conventional. This result showed that, although sheep farming in semiarid
regions is extensive, we cannot develop a typology of farms using only dimen-
sional and productive aspects, which is in line with our concept of the production
system. The inclusion of variables from the different production system indicators
in the factor analysis justifies the high percentage of farms correctly classified in
their group of origin, which validates the typology developed (Figure 2).

Although there were differences among sheep production systems, it was
observed farms studied shared some characteristics: i) sheep breeding is still a
family activity, and ii) the predominant production system is extensive farming,
agreeing with other studies that characterized sheep production systems in
drylands regions worldwide (Ifhiguez 2011; Chedid, Tourrand, Jaber, Hamadeh
2018).

Finally, the emerging system was an important discovery of this study. It is
formed by a group of young farmers that stood out in the intensification of the
management, production, facilities, and equipment. This system may expand and
represent the future of sheep farms in the Brazilian semiarid region. The migration
from the traditional to the emerging system would happen in the coming
generations. On the other hand, the conventional system stood out only in the
social aspects and older animals being slaughtered, which can represent food
security for families, since this system was classified as subsistence-based on
family production. This system is characterized by small farms (61.5% of the
farms) and still being the main sheep production system, which is in line with
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several studies on the characterization of sheep production systems in semiarid
regions of the world (Naqvi, De, Gowane 2013; Toro-Mujica, Aguilar, Vera, Rivas,
Garcia 2015, Toro-Mujica et al. 2019).

5. Final remarks and future research

Sheep farming has social, cultural, and economic importance in the Brazilian
semiarid region. This study was carried out to understand the heterogeneity of
sheep production systems, creating the basis for defining public policies for the
sustainable development of sheep production systems in the Brazilian semiarid.
The study was based on the premise that sheep production systems in semiarid
zones are distinct, mainly in physical, livestock, and productive factors.

A systematic approach combining three multivariate techniques with different
objectives to group and discriminate the diversity of sheep production systems in
a representative farm typology using social, physical, livestock, technological,
productive factors, and management practices. The approach allowed the iden-
tification and validation of three different typologies as emerging, traditional,
conventional sheep production systems. The emerging system is managed by
schooled young, farms with a higher technological level and efficient in meat
production; the traditional system has the largest grazing areas and the number
of lactating ewes, but with low productivity; and the conventional, the largest
productive system, is characterized by smallholder farms with production des-
tined to the subsistence of families. Despite the peculiarities, all systems are based
on family labour, and strongly dependent on natural resources.

The development of typology using the approach used in this study may
help to define targeted-oriented public policies and increase sheep produc-
tion efficiency, This study highlighted the need of improving the manage-
ment and adoption of technologies, but it need to consider particularities of
each group of producers. The future of sheep farming in the Brazilian semi-
arid region depends on the creation of socioeconomic projects to fix young
famers in the sheep farming activity and rural extension programmes with
training of know-how professionals. Future larger-scale research should be
carried out using this systematic approach with all indicators of the produc-
tion system, including economic feasibility, to define and evaluate the eco-
nomic sustainability of these production systems.

Highlights

® Three sheep production systems were revealed through techniques of multivariate
analysis: emergent, conventional, and traditional

® Social, physical, livestock, herd management, technological and productive indica-
tors show discriminatory power between the three sheep production systems
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® The participation of young producers was considered a key factor in the future of
the sheep production system in the Brazilian semiarid

® The breeding of sheep in the Brazilian semiarid region is characterized as tradition-
ally familiar farming
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